
1 Cellular Communication System with Moving Base Stations and Methods and
Apparatus Useful In Conjunction Therewith REFERENCE TO CO-PENDING
APPLICATIONS       Priority is claimed from Israel Application No. 203568,
filed 28 January 2010and from Israel Application No. 206455 filed on June
17, 2010. FIELD OF THE INVENTION       The present invention relates to
mobile communication networks and in particular to cellular communication
networks. BACKGROUND OF THE INVENTION       Many mobile communication
networks are known, including 4G networks. "mobile ad hoc network" (MANET)
technology is known. E-UTRAN is a known standard. WiMAX and 3G network
systems are known.       A known MANET algorithm is described in Fuad
Alnajjar and Yahao Chen, "SNRJRP aware Routing Algorithm Cross - Layer
Design for MANET" (IJWMN, Vol 1, No 2, November 2009).       The
disclosures of all publications and patent documents mentioned in the
specification, and of the publications and patent documents cited therein
directly or indirectly, are hereby incorporated by reference. 



2 SUMMARY OF THE INVENTION        Certain embodiments of the present
invention seek to provide an intermediate approach which may be based on
the E-UTRAN standard and that implements a wireless backhaul solution via a
mobile relay layer which dynamically alters its connectivity to keep itself
synchronized with the mobile stations.        Certain embodiments of the
present invention seek to provide a cellular communication network in which
there are mobile communication devices, a stationary core and typically at
least one stationary base station, and at least one mobile base station.
The mobile base stations extend the "reach" of the network such that the
most distant mobile elements speak to base stations, mobile and/or
stationary, in back of them and so on, in a series of hops, back to the
core.        Certain embodiments seek to provide mobile base stations each
having a "mobile telephone functionality" (other than input/output such as
dialing and ringing) on it which knows how to report to its mobile base
station as to what base stations it sees.        Certain embodiments seek
to provide a radio manager on (co-located with) a mobile base station
communicating via radio with "colleague" radio managers on other mobile
base stations.        Certain embodiments seek to provide use of the
information provided by the above communication network configuration, so
as to enable an individual mobile base station to determine whether it
should accept mobile communication devices which turn to it, or whether it
should reject them because it knows they can do better elsewhere since the
individual mobile base station is currently poorly connected back to the
core or not connected at all, whereas other mobile base stations are better
connected. In contrast, in conventional systems without moving base
stations, the base station, being stationary, is always connected back to
the core.        Certain embodiments seek to provide a system for
implementing a E-UTRAN network that includes a network infrastructure in
motion, the system comprising a plurality of mobile relays (mRS), each
accommodating a typically small E-UTRAN base station (rBS), an E-UTRAN
mobile station (rMS) and a local radio management unit (rRM) having a
standard E-UTRAN communication layer which communicates  3 



with its co-located mobile station (rMS) and its co-located base station
(rBS) in order to gather channel quality information characterizing at
least one and preferably all mobile stations connected to the co-located
base station and also the measurements of its own co-located mobile
station. The local radio management unit typically also includes an in-band
multi-hop backhauling functionality which may replace conventional
generally proprietary decision layers in the E-UTRAN rRMs which use the
channel quality information to associate mobile stations with base
stations.       Certain embodiments of the present invention seek to
provide a tactical communication network whose infrastructure is on the
move, typically not based on "mobile ad hoc network" (MANET) architecture
that exhibits horizontal topology where each node either serves as a
subscriber terminal or as a relay between two nodes that do not have
connectivity, nor on the classic cellular architecture, in which base
stations are not designed for any movement. Instead, only the mobile
subscribers are expected to move.       The in-band multi-hop backhauling
functionality may be operative to enhance immunity due to terrain or other
interferences by creating new alternative routes to replace routes that are
dropped due to terrain or other motion-caused interferences, wherein each
new alternative route includes a section between the end-user mobile
station and mobile relay it is connected to, and a backhauling section,
including the links between the mobile relays that take part as nodes in
the route. The functionality may include measuring the quality of each
section and finding the route or combination of sections which provide best
quality connection to the core network.       Tactical communication
networks, in which entire network infrastructures are mobile, have adopted
MANET technologies due to the fact that they enable easier sharing of data
and attain greater situation awareness.       A "mobile ad hoc network"
(MANET) is an autonomous system of mobile routers connected by wireless
links. The routers are free to move randomly and organize themselves
arbitrarily; thus the network's wireless topology may change rapidly and
unpredictably. Each node acts as a router, forwarding data packets for
other nodes. As the nodes move, point to point link may be dropped due to
terrain interference or simply because they move beyond the range of other
nodes. Therefore, such network stability is continually stressed as nodes
drop in and out of the mesh.  4        Certain embodiments of the present
invention adopt E-UTRAN central architecture, in which there are permanent
base stations that are 'nailed down' to fixed locations with fix
backhauling (101). The mobile part of the infrastructure (100) contains
mobile relays that act according to the roles of the E-UTRAN. Contrary to
MANET topology, in which the entire network is mobile, and connections
between mobile nodes can change rapidly and unpredictably, and in which
network stability is continually stressed as nodes drop in and out of the
mesh, certain embodiments of the present invention are based on a
centralized approach and the assumption that the nailed part of the network
(101) is stable. The relay layer (100) is located in between the network
side in which there are standard fixed base stations, and the access side,
where there are standard mobile stations (UE/MS layer). In order to
communicate with standard base stations (sBS) on one side, and standard
mobile stations (MSs) on the other side, the mobile relay layer has
implemented, in this E-UTRAN network, in-band multi hop mobile backhauling
in which it acts as mobile stations toward the static base stations (BSs)
and as base stations toward the mobile stations (MSs) as depicted in Fig.
land Fig. 10. In this approach, the topology of the network remains
relatively steady. The connectivity of the network is central and depends
both on the fixed, nailed base stations and the relay layer. In this case,
even if one of the relay nodes is dropped down due to terrain
interferences, the effect is smoothed down because, unlike the MANET, the
network is centralized towards a core network that is located in a safe and
permanent location. Even if a node is dropped down, traffic is backhauled
through other relay nodes along with static base stations towards the core
network.        Certain embodiments of the present invention provide
management methods that combine a centralized approach (in the core
network) and a distributed approach (in the relay network) into one
solution.         Management methods for standard cellular communication
networks are now described. Cellular communication systems are based on
base stations that are located in places chosen to provide optimal
communication conditions and network coverage. Each base station is usually
located in a permanent place for a long period (month, years), and thus
backhauling to the base station is fixed and can employ El lines, fiber or
microwave links, which connect the base stations to the core network. In
such typical cellular networks, the mobile unit, which is the user handset,
is the only mobile network  



5 element that moves from one place to another, and the network should
follow the user in order to provide connectivity and telecommunication
services.       In such a standard cellular network, the desired user bit
rate and quality of service should be maintained, regardless of the user's
mobility within the coverage area. In wireless systems, appropriate
handover, which is one of the fundamental RRM techniques, is critical to
ensure desired user performance. The handover execution is typically
triggered by user feedback: measurement reports and/or network configured
events. Different types of measurements and events also give rise to
various categories of handovers. It is important that user quality is
maintained after the handover, to avoid a 'ping pong' effect, and minimize
the signaling associated with handover procedures.       Mobile station
measurements may be as follows: In E-UTRAN the following three downlink
neighbor cell measurements are specified primarily for mobility:  Reference
symbol received power (RSRP)  Reference symbol received quality (RSRQ):
RSRQ = RSRP/carrier RSSI  E-UTRA Carrier RSSI    The RSRP and RSRQ
measurements are performed by the Mobile Station (MS), which is the E-UTRA
mobile terminal, for each cell on a cell specific known pilot sequence
called reference symbols. The E-UTRA carrier RSSI is measured over the
entire carrier; it is the total received power and noise from all cells
(including serving cells) on the same carrier, or other carriers, as has
been defined in the LTE Advanced, in which several component carriers may
be used. The two reference symbol-based measurements (RSRP and RSRQ) are
preferably used for mobility decisions.       In general terms RSRP and
RSRQ can be regarded as 'signal strength' type and 'signal quality' type
measurements respectively. In WCDMA, CPICH RSCP and CPICH Ec/No are the
corresponding 'signal strength' and 'signal quality' measurements
respectively. In other words E-UTRAN RSRP and RSRQ measurements are
analogous to WCDMA CPICH RSCP and CPICH Ec/No measurements respectively. As
in EUTRAN, in WCDMA the CPICH Ec/No is the ratio of CPICH RSCP to UTRA
carrier RSSI.  6 



Additional network configured time domain filtering can be used to further
filter out the effect of fading. There may also be a requirement on the MS
to measure and report the neighbor cell measurements (e.g. RSRP and RSRQ in
E-UTRAN) from a certain minimum number of cells. In E-UTRAN this number is
8 cells (comprising of one serving and seven neighbor cells) on the serving
carrier frequency (or commonly termed as intrafrequency). This number is
slightly lower (e.g. 4-6 cells) for measurements carried out on non serving
carrier frequency.       MS Reported Events for Mobility are now described.
Instead of requesting the MS to report the entire measurement quality, the
MS can be configured to only report events, which in turn are triggered by
measurement reports. The events are then reported to the network. The
events can be sub-divided into absolute and relative events. An example of
an absolute event is when serving cell RSRP falls below an absolute
threshold. Another example comprises a serving cell's RSRQ falling below an
absolute threshold.       An example of a relative event is when a neighbor
cell's RSRQ becomes stronger than that of the serving cell by a certain
margin (i.e. relative threshold). The cell(s) involved in evaluating an
event may operate on the carrier frequency of the serving cell or y may
operate on different carrier frequencies e.g. serving cell on carrier
frequency Fl and neighbor cell on carrier frequency F2. In response to the
occurrence of one or more of the above events, the network can take further
actions such as a handover decision, which may require it to send a
handover command to the MS.    The above described measurements and events
are used for mobility decisions. There are typically two kinds of mobility
scenarios:  Idle mode mobility: cell reselection  Connected mode mobility:
handover    Cell reselection is typically an MS autonomous function without
any direct intervention of the network. The cell reselection decision at
the MS is based on downlink measurements on the serving and target cells.
The network can configure the MS to use RSRP or/and RSRQ and the associated
absolute or relative thresholds for cell reselection. The configuration is
carried out by transmitting relevant information and parameters on the
broadcast channel. Thus, to some extent, MS cell reselection behavior  7 is
still controlled by the network. The standard also specifies some rules
that govern MS behavior when performing cell reselection. 



Handover, on the other hand, is fully controlled by the network through
explicit MS specific commands and by standardized rules in the
specification. The reported events are exclusively used for handovers. In
addition, actual measurement reports may also be used by the network for
executing handovers.        New 4G commercial cellular communication
networks have adopted a new architecture that is based on many small Pico -
Femto cells instead of macro-cells. This networking approach enables (with
Adoptive Modulation Code techniques) to utilize the spectrum in a much more
efficient manner and to provide broadband communication services, while
overcoming harsh urban environments. Furthermore, in order to lower
backhauling expenses and enhance spectrum utilization, in some cases the
base stations are replaced with relays that use the access spectrum for
backhauling traffic. In this case, one of the challenges of such a network
is related to a network's routing and radio resource management (RRM).
In the abovementioned scenario, the base stations (or relays) and the
backhauling networks are fixed and are located in permanent places which
are chosen in advance to provide optimal traffic throughput, subject to the
assumption that the backhauling bandwidth is relatively steady.
Certain embodiments of the present invention relate to a specific scenario
in which- the base stations are mobile and backhauling performances can be
changed dramatically.        Certain embodiments of the present invention
seek to provide an improved method for implementing a tactical moving
wireless network. Today there are two counter approaches to implementing
such a wireless network. The first one is the cellular approach. This
approach is similar to the current cellular network in the sense that it
encompasses base stations and mobile stations. However, legacy base
stations today are not planned for any movement; only the mobile
subscribers are expected to move. In order to enable base stations to move,
several challenges need to be addressed, such as implementing wireless
backhaul which should be able to alter its connectivity dynamically, to
keep synchronization with the served subscribers, and to maintain a dynamic
changing frequency plan to avoid interference. The other available
contender  8 solution for a moving wireless network is the "mobile ad-hoc
network" (MANET), which exhibits horizontal topology where each node either
serves as a subscriber terminal or as a relay between two nodes that does
not have connectivity. Such a network faces significant challenges to
maintain effective routing that should track rapid, dynamically changing
connectivity. They also face significant difficulties to support multi
service networks while maintaining both quality and level of service.
Certain embodiments of the present invention propose a middle approach
somewhere between both these approaches. Certain embodiments of the present
invention implement multi-hop relay instead of MANET. The network
encompasses a macro base station that is usually the only node that is
planned to be located in a fixed position, relay stations which are base
stations, typically small base stations, that are fed in a wireless manner
either from a super ordinate relay or from the macro base station. Each
relay is capable to serve mobile stations and subordinate relays. The
dynamic routing and frequency assignment problems are of a significantly
lower scale than with MANET networks due to the fact that the backhaul
routes and frequency assignment are only restricted to the relays, while
MSs routing and frequency assignments are done through a conventional
handover process. Such networks can support multi-service capabilities very
similar to the way 4G cellular networks do. Routing tracking is more
straightforward also due the fact that its topology is far less complex due
to its tree resemblance rather than a mesh topology.        Certain
embodiments. of the present invention provide methods to manage the radio
resources of a 4G E-UTRAN LTE (or WiMAX) cellular network in which part of
its base stations move. As already described, and as depicted in Fig. 10,
typically, instead of an entire network moving (which is the MANET
assumption), the methods shown and described herein assume a networking
case in which a portion of its infrastructure is permanent and nailed down
to a fixed location, while another part of the network moves along with
users' mobile stations. Certain embodiments of the present invention
combine a centralized management approach, which is related to a permanent
part, and a distributed management approach, which is related to the
network's moving part, into one management solution.  9 



In such a network, the backhauling of the nailed down infrastructure is
steady, while the backhauling of the moving infrastructure can be dropped,
due to terrain interferences or simply because they move beyond the range
of the fixed base stations.       In order to solve the problem of
E-UTRAN/WiMAX network "on the move" certain embodiments of the present
invention may utilize a solution of in-band backhauling. In this case each
mobile base station is turned into a mobile relay by adding to it a
standard mobile station. Certain embodiments of the present invention are
related to the specific case of network topology that is depicted in Fig.
1, in which the standard base station layer of the network is divided into
two layers:  One layer of static base stations - sBS (2) that are located
in permanent locations and act under usual conditions and according to the
standard rules of the EUTRAN and  Another layer of moving Base Stations -
rBS(63) that, with the backhauling mobile station - rMS( 51), are actually
mobile relay stations (63).       In order to overcome the problem of
backhauling changes due to the mobility of the relays, certain embodiments
of the present invention base their network management solution not on MESH
or MANET topologies but on a new approach that combines centralized and
distributed radio management into one Routing and Radio Resource Management
(RRM) solution. This approach is depicted in Fig. 7. The network RRM is
divided into two entities:  Centralized RRM entity (62) that is inside the
MME (or ASN GW in WiMAX network) and  Distributed network (60) of relay
Radio Resource Managers - rRM (58), (59), (50) that are located in each
relay.    The DisNetRM (61) in Fig. 7 is an entity that co-ordinates
between the standard central RRM activity and the distributed rRMs network
activity. In a case where all end-user mobile stations have connectivity to
the steady nailed down base stations, the DisNetRM updated the distributed
rRMs and networks management is done in a centralized manner by main RRM
that is located in the MME (62). In case backhauling links are dropped due
to terrain interference or simply because they move beyond the range of the
steady nailed base stations (sBSs), the rRMs come into operation and  10
provide backhauling connectivity by utilizing multi-hop routes between the
mobile relays. 



According to certain embodiments, a method is provided to manage the radio
resources of this network by combining rMSs backhauling measurement results
and end-user MS measurements into one Quality Grade Result (QGR) according
to which handover cell reselection load control is carried out.        The
network's mobile relay managers - rRMs, can communicate between each other
and establish alternative routes in case of backhauling problems. Such a
network is depicted in Fig. 2. Mobile stations (14) can be connected
directly to the core network via a fixed standard base station (10), or
through a relay (11) or several relays in a multi-hop route. Each relay
functions as a standard base station (rBS) at its access side, and as a
mobile station (rMS) at its backhauling side.       Certain embodiments of
the the present invention are related to radio resource management of such
a mobile relay network, as depicted in Fig. 2. The distributed management
solution is based on special local RRM mnagers (rRM - relay Radio Manager).
These rRMs are connected between each other over standard S1/X2 LTE (or R4
WiMAX) protocols, and are responsible for the Handover, Cell
selection/reselection and Load control of this network in cases where the
centralized RRM is unable to control parts of the network due to
degradation in performance of the backhauling network. Each rRM typically
is operative to perform at least one and preferably all of the following
fimctionalities:  Multi section route method to make decisions with regard
to handover and cell selection  Frequency band carriers selection  In-cell
connectivity method        A simplified diagram of the relay structure,
according to certain embodiments, is depicted in Fig. 7. In this solution
the relay internal base station (the rBS) and its internal mobile station
(rMS) are standard. Their PHY and MAC layers are according to the E-UTRAN
(or WiMAX) without changes.        According to certain embodiments of the
invention, a functionality is provided in the rRM that receives from the
rMS a report such as a conventional Network Measurement Report (NMR) via
the rMS's Ethernet port. The NMR is usually sent just  11 to the remote
base station in which the MS is camped on. In this solution, the rMS is
controlled by the rRM and provides measurement information both to the
remote BS as well as to the local rRIVL 



The rBS is connected to the rRM via an Ethernet port that carries the
standard R6 (WiMAX) or S1/X2 (E-UTRAN) messages. The backhauling traffic of
this mobile relay is carried over the rMS, and due to the fact that the
relay is mobile, there is no guarantee that the backhauling bandwidth is
sufficient, or that there is a backhauling connection at all. In such
cases, the immunity solution is based on the numerous routes that can be
established between the mobile relays. Certain embodiments of the present
invention provide methods to manage the system in such a unique case.
In standard commercial networks, in which the base stations and the relay
stations are fixed, the only network element that is mobile is the MS that
performs measurements (like RSRP, RSSI, RSRQ) to maintain quality of
service. Based on these measurements, handover and network entry decisions
are made. In such standard networks these MS measurements are sufficient,
since base stations are steady and the backhauling performances do not
change.       In the network scenario mentioned above, in which base
stations and relays are moving, it is necessary to consider the measurement
of each MS/rMS in every section/hop on the route. For example, the route of
MS5 in Fig. 2 contains 3 sections/hops: section g (15), k (16) and d (17).
The problem is that in cases where the rRM handover decision is based on
the measurements of MS5 only, it may not take into consideration the
measurements of rMS2 and rMS3; although section g (15) measurements results
are of a good quality, the whole route performance might be of poor quality
if measurements of section k(16) show that the quality is not sufficient.
In this case, a decision to handover MS5 to this route may be erroneous.
Certain embodiments of the present invention overcome these deficiencies
and solve the above identified problem by providing methods that take into
consideration the measurements of all the mobile stations (the MS and the
rMSs) along the specific route. All measurements done by all of the mobiles
along each specific route may be combined and a quality grade result (QGR)
may be provided to each route. Handover and network entry decisions are
based upon this QGR result.  12       According to certain embodiments of
the present invention, there is provided a method in which the route tables
are built, and contain the MS measurements for each section of the route.
The method scans this table and sorts each route to several grades of
service quality.       The QGR of each alternative route is transferred to
the MSs as well. Each MS receives the QGRs that are related to its
alternative routes. This is important in the case of idle mode, in which
the MS can choose the base station on which to camp, without network
involvement. In the standard case, while the MS relies on its own
measurements only, it may choose to camp on rBS without backhauling. The
QGR table prevents this occurring. If the QGR = 0 for a specific rBS
(although the MS quality measurements are good), the MS can decide to camp
on other rBS (that has inferior measurement quality, but still may have
backhauling).       Certain embodiments of the present invention aim to
provide partial connectivity in a mobile network, between groups of
specific subscribers, while one section of the route is in inferior
condition (or may even be disconnected). The method provided in accordance
with certain embodiments of the present invention aims to identify which
users can be communicated with others and to provide handover services in
this portion of the network to enhance connectivity. For example, in Fig.
2, although section d (17) is disconnected or has very poor quality,
rRM2(12) and rRM3(13) maintain connectivity to their MSs and handover
decisions between rBS2 and rBS3 can be made.       According to certain
embodiments of the present invention, if there is a backhauling section
with poor quality, the rRM is able to analyze whether the poor quality of
this section is caused as a result of transmission of its co-located rBS or
neighbor rBS. In such a case, the rRM (and/or the neighbor rRM) can operate
its rBS in silence mode, in which the MAPs in the downlink (DL) portion of
the frame may be empty and thus enable its rMS to receive the DL
transmission of the remote base station (rBS or sBS). Fig. 9 depicts this
case.        According to another embodiment of the invention, the
connectivity tables and routing tables are transferred in a standard manner
between all the rRMs in a way that the same updated Section Measurement
Table exists in each rRM (Fig. 3). The same 



13 functionality exists in each rRM so each automatically receives the same
routing result, and the one that serves the MS may perform it.
According to another embodiment of the invention, update measurement
information may be transferred between the rRMs through the rRMs standard
protocol, meaning R4 protocol in WiMAX and S1 /X2 protocol in LTE. In cases
where one of the rRMs is disconnected from the network, there is a method
to update this rRM in a specific update message.        Although the
description of the invention given here is directed to the EUTRAN LTE
system, the invention may also be employed in WiMAX or 3G network systems
as well.       There is thus provided, in accordance with certain
embodiments of the present invention, a method for implementing tactical
E-UTRAN network parts of whose network infrastructure are on the move along
with the end-user mobile stations. The moving infrastructure includes a
plurality of mobile relays (mRS), each accommodating a base station (rBS),
typically a small base station, mobile station (rMS) and local radio
management unit (rRM). The backhauling of these mobile relays is in-band
multi-hop backhauling to enhance immunity. The in-band multi-hop
backhauling network enables to create new routes that become alternative to
the routes that were dropped due to terrain or other interferences. Each
route includes a plurality of sections: Section between end-user mobile
station and the mobile relay which it is connected to, and backhauling
sections, which are the links between the mobile relays that take part as
nodes in the route.       Also provided, in accordance with certain
embodiments of the present invention, is a network of local relay managers
(rRMs) and a central manager (RRM) that combine central managing approach
and distributed managing approach into one managing solution. This is by
detecting the quality of each end-user section and the quality of each
backhauling section according to the MSs and rMSs measurements (RSRP, RSRI,
RSRQ) and combines them into quality grade results (QGR) for the actual
route and alternative routes of each end-user mobile station (MS). The
results are broadcast to the end-user MSs as well and decisions for
handover and cell admission and cell reselection are done by having for
each route the quality result of the access and backhauling sections.  14
Further in accordance with certain embodiments of the present invention,
the QGR is created by a weighted algorithm.       Still further in
accordance with certain embodiments of the present invention, the
centralized RRM (62) is communicated with the rRMs network (60) through the
centralized distributed manager -DisNetRM (61). In the distributed rRIVI
network each relay manager (50) gets measurement reports information from
the other participant relay managers (58), (59) over the relay manager's
sub-network (60) and measurement RSRP, RSRI and RSRQ measurements from its
co-located relay MS (51) and end-user MSs (55), (56), (57) to build one
radio resource measurements table. 



Additionally in accordance with certain embodiments of the present
invention, the measurement information is spread by broadcast message type
to all rRMs and RRM.       Further in accordance with certain embodiments
of the present invention, the method spreads the QGR of all the alternative
routes to the MS over broadcast message. The MS broadcast message relates
to each base station and is sent to the MSs that camp on this base station
Also provided, in accordance with certain embodiments of the present
invention, is a method for deciding on handover and network entry in
LTE/WiMAX tactical network that is based on LTE mobile relays. In this
network, routes between end-user MSs up to the static base station may be
established through the relay backhauling MSs in several hops. The methods
comprise measurements (73), (74), (75) of the radio sections of each
alternative route that are established by the mobile relays. The method
comprises all these measurements to one entity and decides about Handover
and MS admission operations.       Additionally provided, in accordance
with certain embodiments of the present invention, is a method for
establishing the same database to the relay radio managers (rRMs)
distributed network. The method exists in each rRM and is responsible for
building tables (40), (41), (42) and the section measurement table (43) in
each rRM and updating this database.       Further provided, in accordance
with certain embodiments of the present invention, is a functionality for
distributing rMS section measurements which is installed in each rMS and
distributes link quality measurements to the remote base  15 station in
which it is connected to, as well as to its co-located rRM. Thus the rMS
can be aware of its existing backhauling quality and initiates handover
operation.       Yet further provided, in accordance with certain
embodiments of the present invention, is a cell reselection functionality
located in each MS and which receives, periodically, the QGR report of each
route. Thus, while the mobile is in idle mode and wants to camp on a new
relay base station, its decision may be based not only on its own
measurements, but on the backhauling rMSs measurements as well.       Still
further in accordance with certain embodiments of the present invention, a
handover functionality is located in each rRM. In this distributed network,
the local rRM is responsible for handover operation of its collocated rMS.
In tables 40, 41, 42 and 43, the QGR - Quality Grade Result has 3 quality
values: G-good, M-medium, X - bad. These values are combination of the SNR
and the statistical metrics. The SNR is the minimum SNR that is needed for
modulation constellation according to the 3GPP E-UTRAN tables. 



The weight of the STD, Means and Median on the QGC will be set up in field
experiments.       According to certain embodiments, users are shown a good
or best location for QGR. The statistical measurements of the co-located MS
in each relay may be attached to the location results of the relay. The rRM
may have a functionality that computes and indicates to the user locations
with good or best QGC. This allows the user to locate the relay in the best
backhauling place, e.g. in tactical applications.       According to
certain embodiments, in the event that a 3 (say) hop communication route is
being used, the relay R that is connected to the core network via another
relay A, sends a message to the backhauling relay B that it - R -- is A's
anchor. The backhauling relay then becomes aware that another relay is
connected to it and typically finds a best place to remain.    Also
provided, in accordance with certain embodiments of the present invention,
is a mobile communication network system comprising a core network
including a core device and at least one static base station; a plurality
of base stations; and a population of mobile stations communicating via
antennae with the base stations; the base stations including at least one
moving base station which communicates via antennae with the mobile
stations and includes base station functionality, a first  16 radio manager
and mobile station functionality all co-located with the base station
functionality, the base station functionality having a physical
back-connection to the first radio manager, the first radio manager having
a physical connection with the mobile station functionality, the mobile
station functionality communicating via antennae with at least one
selectable static base station, wherein the first radio manager comprises a
radio resource manager; and functionality for receiving information from,
and sending information to, other radio managers, respectively co-located
with other moving base stations, and for using the information to determine
whether to reject at least one mobile station seeking to be served by an
individual base station associated with the individual co-located radio
manager, the information including at least some of information regarding
qualities of other base stations' respective connections back to the core
network, information regarding quality of the first radio manager's moving
base station's connection back to the core network, and information
regarding channel qualities which the first radio manager's own base
station, and base stations other than the first radio manager's own base
station, are respectively able to provide, to mobile stations in the
vicinity of the first radio manager.    Further in accordance with certain
embodiments of the present invention, the information regarding qualities
of respective connections of respectively co-located radio managers back to
the core network is provided by respectively co-located radio managers via
a selected one of a static base station from among the at least one static
base station of the core network; and a moving base station capable of
providing service to the individual radio manager's co-located mobile
device.     Still further in accordance with certain embodiments of the
present invention, the information re quality of its own connection back to
the core network is provided by its own co-located mobile station.
Additionally in accordance with certain embodiments of the present
invention, the information re channel quality which other base stations are
able to provide mobile stations in the vicinity of the individual
co-located radio manager is provided by reports generated by the mobile
stations in the vicinity.     Further in accordance with certain
embodiments of the present invention, the information re quality of service
available from its own base station for mobile 



17 stations in the vicinity of the individual co-located radio manager is
provided by its own co-located mobile station.     Still further in
accordance with certain embodiments of the present invention, each the
co-located radio manager is operative to compute, for at least one
individual mobile station, route comparison information including a
plurality of routes of base stations via which the individual mobile
station can communicate with the core network and at least one parameter
characterizing the relative quality of each of the routes and to
communicate to the individual mobile station information indicative of the
route comparison information and wherein the individual mobile station is
operative to select a base station to be connected to at least partly based
on the information indicative of the route comparison information.
Additionally in accordance with certain embodiments of the present
invention, the parameter is based upon a minimum SNR value, over sections
which together compose a route, each section having its own SNR value.
Further in accordance with certain embodiments of the present invention,
the parameter characterizing route quality is a combination of measured
qualities of route sections and fluctuations thereof such that route
sections with largely fluctuating quality measurements are devalued due to
their unpredictability.     Still further in accordance with certain
embodiments of the present invention, at least one individual co-located
radio manager includes a mobile-to-mobile direct communication facilitation
functionality operative to provide direct communication, not requiring the
core network, between a plurality of mobile devices in the individual radio
manager's vicinity.     Additionally in accordance with certain embodiments
of the present invention, the moving base station observes a silence period
during which it refrains from transmitting to its own co-located mobile
station.     Still further in accordance with certain embodiments of the
present invention, at least one characteristic of the silence period is
dynamically determined by the moving base station's co-located radio
manager.  18 



Further in accordance with certain embodiments of the present invention,
the characteristic comprises a zone in which silence is observed which is
defined over at least one of a frequency band and a time window.     Still
further in accordance with certain embodiments of the present invention,
the E-UTRAN network comprises a tactical E-UTRAN network.    Additionally
in accordance with certain embodiments of the present invention, if a
multi-hop communication route is used, in which a relay R that is connected
to the core network via another relay A, relay R sends a message to a
backhauling relay that R is A's anchor.    Further in accordance with
certain embodiments of the present invention, the static base station is
co-located with the core device.     Still further in accordance with
certain embodiments of the present invention, the physical back-connection
comprises an Ethernet back-connection.     Still further in accordance with
certain embodiments of the present invention, the radio resource manager
comprises an E-UTRAN radio resource manager.    Also provided, in
accordance with certain embodiments of the present invention, is a mobile
communication networking method comprising Providing a core network
including a core device and at least one static base station; a plurality
of base stations; and a population of mobile stations communicating via
antennae with the base stations; the base stations including at least one
moving base station which communicates via antennae with the mobile
stations and includes base station functionality, a first radio manager and
mobile station functionality all co-located with the base station
functionality, the base station functionality having a physical
back-connection to the first radio manager, the first radio manager having
a physical connection with the mobile station functionality, the mobile
station functionality communicating via antennae with at least one
selectable static base station, wherein the first radio manager comprises a
radio resource manager; and functionality for receiving information from,
and sending information to, other radio managers, respectively co-located
with other moving base stations; and using the information to determine
whether to reject at least one mobile station seeking to be served by an
individual base station associated with the individual co-located radio
manager, the information including at least some of information regarding
qualities of other base  WO 2011/092698PCT/IL2011/000096 19 stations'
respective connections back to the core network, information regarding
quality of the first radio manager's moving base station's connection back
to the core network, and information regarding channel qualities which the
first radio manager's own base station, and base stations other than the
first radio manager's own base station, are respectively able to provide,
to mobile stations in the vicinity of the first radio manager. 



Still further in accordance with certain embodiments of the present
invention, users are shown a good location for QGR.    Additionally in
accordance with certain embodiments of the present invention, statistical
measurements of a co-located MS in each at least one relay are attached to
location results of the relay and wherein the system includes at least one
rRM having a functionality that computes and indicates to the user
locations with good QGC.    Further in accordance with certain embodiments
of the present invention, the backhauling relay becomes aware that another
relay is connected to it and finds a good place to remain.    Typically,
each rRM speaks to its co-located base station according to conventional
protocols e.g. as per the E-UTRAN standard communication layer. However,
when a rRM speaks to its co-located mobile station (rMS), there is
typically no conventional protocol in the sense that conventionally, only
base stations speak to end units e.g. mobile stations whereas conventional
RRMs speak only to base stations. To overcome this, according to certain
embodiments of the present invention, rRMs may "masquerade" as base
stations e.g. by sending a request to an rMS to execute an NMR measurement.
Also provided is a computer program product, comprising a computer usable
medium or computer readable storage medium, typically tangible, having a
computer readable program code embodied therein, the computer readable
program code adapted to be executed to implement any or all of the methods
shown and described herein. It is appreciated that any or all of the
computational steps shown and described herein may be computer-implemented.
The operations in accordance with the teachings herein may be performed by
a computer specially constructed for the desired purposes or by a general
purpose computer specially configured for the desired purpose by a computer
program stored in a computer readable storage medium.  20        Any
suitable processor, display and input means may be used to process, display
e.g. on a computer screen or other computer output device, store, and
accept information such as information used by or generated by any of the
methods and apparatus shown and described herein; the above processor,
display and input means including computer programs, in accordance with
some or all of the embodiments of the present invention. Any or all
functionalities of the invention shown and described herein may be
performed by a conventional personal computer processor, workstation or
other programmable device or computer or electronic computing device,
either general-purpose or specifically constructed, used for processing; a
computer display screen and/or printer and/or speaker for displaying;
machine-readable memory such as optical disks, CDROMs, magnetic-optical
discs or other discs; RAMs, ROMs, EPROMs, EEPROMs, magnetic or optical or
other cards, for storing, and keyboard or mouse for accepting. The term
"process" as used above is intended to include any type of computation or
manipulation or transformation of data represented as physical, e.g.
electronic, phenomena which may occur or reside e.g. within registers and
/or memories of a computer.        The above devices may communicate via
any conventional wired or wireless digital communication means, e.g. via a
wired or cellular telephone network or a computer network such as the
Internet.        The apparatus of the present invention may include,
according to certain embodiments of the invention, machine readable memory
containing or otherwise storing a program of instructions which, when
executed by the machine, implements some or all of the apparatus, methods,
features and functionalities of the invention shown and described herein.
Alternatively or in addition, the apparatus of the present invention may
include, according to certain embodiments of the invention, a program as
above which may be written in any conventional programming language, and
optionally a machine for executing the program such as but not limited to a
general purpose computer which may optionally be configured or activated in
accordance with the teachings of the present invention. Any of the
teachings incorporated herein may whereever suitable operate on signals
representative of physical objects or substances.        The embodiments
referred to above, and other embodiments, are described in detail in the
next section. 



21       Any trademark occurring in the text or drawings is the property of
its owner and occurs herein merely to explain or illustrate one example of
how an embodiment of the invention may be implemented.       Unless
specifically stated otherwise, as apparent from the following discussions,
it is appreciated that throughout the specification discussions, utilizing
terms such as, "processing", "computing", "estimating", "selecting",
"ranking", "grading", "calculating", "determining", "generating",
"reassessing", "classifying", "generating", "producing", "stereo-matching",
"registering", "detecting", "associating", "superimposing", "obtaining" or
the like, refer to the action and/or processes of a computer or computing
system, or processor or similar electronic computing device, that
manipulate and/or transform data represented as physical, such as
electronic, quantities within the computing system's registers and/or
memories, into other data similarly represented as physical quantities
within the computing system's memories, registers or other such information
storage, transmission or display devices. The term "computer" should be
broadly construed to cover any kind of electronic device with data
processing capabilities, including, by way of non-limiting example,
personal computers, servers, computing system, communication devices,
processors (e.g. digital signal processor (DSP), microcontrollers, field
programmable gate array (FPGA), application specific integrated circuit
(ASIC), etc.) and other electronic computing devices.       The present
invention may be described, merely for clarity, in terms of terminology
specific to particular programming languages, operating systems, browsers,
system versions, individual products, and the like. It will be appreciated
that this terminology is intended to convey general principles of operation
clearly and briefly, by way of example, and is not intended to limit the
scope of the invention to any particular programming language, operating
system, browser, system version, or individual product.  22 BRIEF
DESCRIPTION OF THE DRAWINGS       Certain embodiments of the present
invention are illustrated in the following drawings:       Fig. 1 is a
simplified pictorial diagram of a L 1E/WiMAX network that uses mobile base
stations.       Fig. 2 is a simplified pictorial diagram of a mobile
multi-hop cellular relay network in which its base stations are mobile. 



Fig. 3 is a simplified pictorial diagram of a rRMs communication network.
Fig. 4 is a tabular diagram of a data base and a method of building the
tables constructed and operative in accordance with certain embodiments of
the present invention.       Fig. 5 is a simplified diagram showing how the
Section Measurement Table provides input to the handover algorithm, in
accordance with certain embodiments of the present invention.       Fig. 6
is a simplified flowchart illustration of a cellular communication
management functionality constructed and operative in accordance with
certain embodiments of the present invention.       Fig. 7 is a simplified
semi-pictorial semi-block diagram illustration of a centralized and
distributed management scheme and associated rRM network, all constructed
and operative in accordance with certain embodiments of the present
invention.       Fig. 8 is a simplified pictorial diagram of measurement
aggregation in each route, in accordance with certain embodiments of the
present invention.       Fig. 9 is a simplified semi-block diagram
semi-pictorial diagram of the silence mode of rBS, operative in accordance
with certain embodiments of the present invention in which a moving base
station observes a silence period during which it refrains from
transmitting to its own co-located mobile station, e.g. such that at least
one characteristic of the silence period, such as a zone in which silence
is observed which is defined over at least one of a frequency band and a
time window, is dynamically determined by the moving base station's
co-located radio manager.  23       Fig. 10 is a simplified block diagram
illustration of an E-UTRAN multi-hop relay network constructed and
operative in accordance with certain embodiments of the present invention.
Fig. 11 is a simplified flowchart illustration of a method, operative in
accordance with certain embodiments of the present invention, for building
tables such as Basic measurement table; Connectivity table: Routing table;
Sections Measurement Table which are useful in accordance with certain
embodiments of the present invention. 



Fig. 12 is a graph of SNR vs. time useful in understanding certain
embodiments of the present invention.       Fig. 13 is a pictorial
illustration of an example of a rescue operation in which various mobile
stations and moving base stations, serving medical personnel, are advancing
over a terrain where they may never have been deployed, e.g. toward a
disaster area.       Fig. 14 is a diagram showing use of tabled
information, according to certain embodiments of the present invention, to
cope with the advancement shown in Fig. 13.  24 DETAILED DESCRIPTION OF
CERTAIN EMBODIMENTS       The following terms may be construed either in
accordance with any definition thereof appearing in the prior art
literature or in accordance with the specification, or as follows: lx
RTTCDMA2000 Ix Radio Transmission Technology CPICHCommon Pilot Channel E-U
I RAEvolved UTRA E-UTRAN Evolved UTRAN 



FDDFrequency Division Duplex GSMGlobal System for Mobile communication
BRPDCDMA2000 High Rate Packet Data P-CCPCH Primary Common Control Physical
Channel RSCPReceived Signal Code Power RSRPReference Signal Received Power
RSRQReference Signal Received Quality RSSIReceived Signal Strength
Indicator TDDTime Division Duplex UTRAUniversal Terrestrial Radio Access
UTRANUniversal Terrestrial Radio Access Network 



mRSMobile Relay rBSRelay Base Station rMSRelay Mobile Station QGRQuality
Grade Result MANETMobile Ad Hoc Network MMEMobile Management Entity
S-GWService Gateway MSMobile Station       In existing cellular networks
handover and network entry decisions are made according to radio channel
quality between mobile stations (MS) and surrounding base stations. Radio
channel quality is determined by measurements that are made by the  25 



MS. Due to the fact that the base stations are located in permanent places,
the backhauling is considered steady and there is no need to perform any
backhauling measurements for the handover process. Fig. 1 describes the
case of such a commercial network. LTE and WiMAX standards have not found
reasons to make backhauling measurements and to link between the network
backhauling performances and the mobile station's measurement results.
In a network whose base stations are mobile (as in a tactical military
cellular communication network), network performance can change
dramatically because there is no guarantee that backhauling performances
may be kept in the new locations. Certain embodiments of the present
invention relate to a network architecture based on relays that establish
multi-hop routes via in-band backhauling. In this solution each relay has a
standard mobile station (rMS) that carries the backhauling traffic. The rMS
does not however typically have keyboard or display, and typically includes
only the LTE (or WiMAX) modem.        This rMS is connected to base station
(rBS) of another relay, which has its own rMS that is connected to another
rBS of another relay. The messages that establish these connections are
according to E-UTRAN (or WiMAX) standards. Such a route contains several
sections. The quality of each radio section is measured by the rMS of this
section and the quality of the whole route is an outcome of the quality
measurement results of all the sections of each route, as depicted in Fig.
8. Fig. 2 depicts a network with 3 relays (11), (12), (13). Each relay
functions as a base station (rBS) at its access side and as a mobile
station (rMS) at its backhauling side. The rBS and rMS of each relay are
controlled internally by the rRM - the relay Radio Manager. In the event
that the rBS transmission interferes with the co-located rMS's attempts to
be connected to the remote base station, the rRM may cause the rBS to
transmit empty frames in the downlink.       According to an embodiment of
the invention, decisions of RRM - Radio Resource Management, including but
not limited to handover decisions or admission decisions about to which
base station the mobile station will be connected to, or MS network entry
decisions, are based on the quality measurements of all the sections that
compose a route.  26       Each MS may have several routes to a static base
station. Turning at first to Fig. 2 it can be seen that MS5 (18) can be
connected to the sBS in the following routes: I. Through rBS1: This route
contains sections :(36), (29) II. Through rBS2: This route contains
sections: (37), (38), (39) In the following example, the assumption is that
MS5 can only measure the reference signals of rBS1(36) and rBS2 (37). MS5
does not have any information about the quality of sections (29), (38),
(39) that are measured by rMS1 and rMS2, rMS3. Preferably, the rRM of each
relay gathers this measurement information, relays it to the other rRMs in
the network, and creates a Quality Grade Result (QGR) for each route
according to this information. This QGR is transferred to the appropriate
MS, which is MS5. The rRM decides about handover operation according to the
QGR, and in idle mode, the MS can decide to which base station to be
connected.       In order to form a QGR for each possible route, a Section
Measurement Table (43) is generated e.g. as described in Fig. 4. In
accordance with certain embodiments of the present invention, the method
builds in each rRM a table as described herein with reference to Fig. 4. 



All rRIvIs work on the same tables and data base mentioned above and the
handover decision and admission methods may be the same in all rRMs.
Therefore all rRMs get the same RRM handover decision and the rRM
responsible for doing this process is the one that the MS camps on.
Each rRM bases its communication with the co-located rMS on messages that
are defined by the standard, and, in addition, specific messages. In this
manner it can control the local rMS and can request to perform link
measurements.       Each rRM communicates with the other rRMs through the
rRM specific messages over the LTE - Si or WiMAX - R4 protocols, as is
depicted in Fig. 3. Regarding this embodiment, the rRM extracts the
measurement report of its rMS and is responsible to transfer this
measurement via a specific measurement report message to the other rRMs.
Each rRM typically builds, e.g. as shown in Fig. 11, some or all of the
following tables: a.Basic measurement table: contains the measurements and
quality result of each end user MS toward all the base stations that each
MS has found. This rough material  27 data is updated periodically. Fig. 4
describes this table (40) e.g. according to the Fig. 2 scenario.  b.
Connectivity table: e.g. as depicted in Fig. 4 (41). It provides
information regarding to which BS each mobile station is connected. 



c. Routing table: e.g. as depicted in Fig. 4 (42), describes the actual
routes and the sections that are related to this route.  d. Sections
Measurement Table (STB): e.g. as depicted in Fig. 4 (43), is relevant
because routing decisions are taken according to its parameters. It
describes measurements that relate to each section of the actual connection
route and a description of alternative routes as well. This table is the
input to the handover decision making process, as illustrated in Fig. 5.
The left side of Fig. 4 describes the measurement results of the scenario
of Fig. 2. The basic measurement table (40) describes the quality result
(QGR) toward each base station that is discovered by the MS. The QGR is
based on the RSRI, RSRP measurements and RSRQ result toward each BS. RSRQ =
N (RSRP / RSSI) (dB) where N = number of resource blocks.       The
connectivity table (41) provides information about the decision of each MS
to which base station to be connected. In the initialization stage, the
right side of Fig. 4 describes what the rRM sees. It can be seen in table
(42) that the rRM of each relay has the quality results of each section in
each actual route of each MS.       The Sections Measurement Table (SMT)
provides the quality results of all possible routes of each mobile station.
In Fig. 5 the table describes all possible routes of M55 according to the
scenario in Fig. 2. The Section Measurement Table is a data base employed
by the rRM and the MS in deciding about handover and in deciding what base
station to be connected to.       Each rRM has a list of MSs that camp on
it and therefore has the capability to establish communication between
them. For example, mRS2 (12) in Fig. 2 can establish complete communication
traffic between MS5, MS6 and MS7. In addition to this, each rRM knows the
connection of its local rMS and accordingly can establish communication
between the MSs that camp on it and the MSs of the relay in which its rMS
is connected. For example, if in Fig. 2 link g between mRS 3 and sBS is  28
disconnected or of poor quality, rRM2 can still establish communication
between MS5 -MS10.       The rRM typically includes several layers, as
illustrated in Fig 9. Typically, the radio management is typically carried
out in the radio management layer (90 ) whereas the capability to establish
the connection between end users' mobile phones (MSs) is carried out by the
service layer of the rRM (91). The application layer of the rRM (92) is
above its service layer and provides specific radio management applications
for the tactical network. 



In tactical networks, it happens that the quality of the backhauling
section, due to mobility, may change dramatically while the relay is on the
move from one location to another. The application layer of the rRM ties
the connectivity of the relay (QGR) to the actual location point at which
it was measured. This allows a person who carries and uses the relay to
have an indication of location points which have good QGR.       In a 3 hop
situation, in which one mobile relay is connected to the static base
station (sBS) via another relay, the application layer of the first mobile
relay (12)may send a message to the other relay (13) to find a best place
for backhauling and may stay there.       The method for handover or
network entry can be performed by the network or the mobile station (MS).
In cases where the decisions re handover and network assignment are made by
the MS, the Section Measurement Table (STB) in Fig. 5 is transferred over
the application layer to the relevant MS.A handover decision making method
provided in accordance with certain embodiments of the invention is now
described. The method typically provides Quality Grade Result (QGR) for
each possible route. Mobile stations (MS) can be connected directly to the
main/fixed BS, or via one or two relays in one hop or two. For example, MS1
in Fig. 2, is connected directly to the main sBS while MS2 is connected via
mobile relay 1 (mRS1) and MS5 is connected via mRS2 and mRS3.In such a
case, to ensure connectivity and maintain quality of service and desired
user bit rate, it is important that the decision for handover and other RRM
operations may not depend just on the RSRP, RSSI and RSRQ measurements of
the end user MS only, but also on the measurements done by the rMSs
belonging to this link. The method by which the rRM makes a decision for
handover operation may be based on the measurements of the MS and the
measurements of the rMSs that are part  29 of this specific backhauling
link. For example, MS4 in the Section Measurement Table in Fig. 5 can be
connected via the sBS or RBS1 or RBS2. In each of these 3 routes the
measurements of each sector (meaning the measurements of MS4, rMS2 and
rMS3) are taken into consideration.       From a mobile station point of
view, there are several use cases that are related to connectivity:  The MS
does not see any of the base stations  The MS sees one base station that is
a relay BS (rBS)  The MS sees one base station that is a standard BS (sBS)
The MS sees several base stations that can be a combination of rBS and sBS 



In each of these cases there are several levels of quality grades (QGR),
which are related to each base station reception. The presumption at this
stage is that they are either good, medium or poor.  Good quality means
that RSRQ > Threshold 1 that enables to transfer up to 64QAM  Medium
quality means that RSRQ > Threshold 2 that enables to transfer up to 16QAM
Poor quality means that RSRQ < Threshold 3 in which the connection could
not be established in the minimum requested quality.       Each mobile
station (MS) or relay MS (rMS) sees only "one layer" of base stations and
its measurements relate to this layer only. In order to get a right
handover or network entry decision, the algorithm preferably relates to the
measurements of all the layers.       The criteria of the MS for base
station selection is done according to MS measurements, as defined in the
LTE standard (TS 36.304).The cell selection criterion S is fulfilled when:
Srxlev > 0 Where:  30 Salm, =MUMS (Qrzlermin'Compensation [dB] where
Pcompensatian = max(PEmAx -, 0) [dB] 



Qrxlevmeas is the measured receive level value for this cell, i.e. the
Reference Signal Received Power (RSRP) as defined in the standard. This
measured value is the linear average over the power of the resource
elements that carry the cells' specific reference signals over the
considered measurement bandwidth. Consequently, it depends on the
configured signal bandwidth. In the case of Receiver's diversity configured
for the MS, the reported value may be equivalent to the linear average of
the power values of all diversity branches.       Qrxlevmin is the minimum
suitable receive level in this cell, given in dBm. This value is signaled
as Q-RxLevMin by higher layers as part of the System Information Block Type
1 (SIB Type 1). The Qrxlevmin computation is based on the value provided
within the information element (-70 and -22) multiplied with factor 2 in
dBm.       Qrxlevminoffset, is an offset to Qrxlevmin that is only taken
into account as a result of a periodic search for a higher priority PLMN
while camped normally in a Visitor PLMN (VPLMN). This offset is based on
the information element provided within the SIB Type 1, taking integer
values between (1...8) also multiplied by a factor of 2 in dB. This gives a
wider range by keeping the number of bits transmitting this information.
The offset is defined to avoid "ping-pong" between different PLMNs. If it
is not available then Qrxlevminoffset is assumed to be 0 dB.
PCompensation is a maximum function as shown in Equation 5. Whichever
parameter is higher, PEMAX-PUMAX or 0, is the value used for PCompensation.
PEMAX [dBm] is the maximum power a MS is allowed to use in this cell,
whereas PUMAX [dBm] is the maximum transmit power of an MS according to the
power class the UE belongs to. Only one power class is defined for LTE,
which corresponds to Power Class 3 in WCDMA that specifies +23 dBm. PEMAX
is defined by higher layers and corresponds to the parameter P-MAX defined
in the standard. Based on this relationship, PEMAX can take values between
-30 to +33 dBm. Only when PEMAX > +23 dBm PCompensation is considered when
computing Srxlev. The P-MAX information element (1E) is part of SIB Type 1
as well as in the RadioResourceConfigCommon IE, which is part of the SIB
Type 2.  31       As explained above, all the parameters except for
Qrxlevmeas are provided via system information. In a real network a MS may
receive several cells perhaps from different network operators. The MS only
knows after reading the SIB Type 1 if this cell belongs to its operator's
network (PLMN5 Identity). First the UE may look for the strongest cell per
carrier, then for the PLMN identity by decoding the SIB Type 1 to decide if
this PLMN is a suitable identity. Following this, it computes the S
criterion and decides whether it is a suitable cell or not.       Handover
decision per end-user MS may be performed according to the quality grade of
each actual route in comparison to the alternative route of this end user
(MS), and may include some or all of the following steps, suitably ordered
e.g. as shown:        a. If the MS has one route only, it may be considered
as high risk MS and continue to be connected to this route.        b. In
cases where there are several alternatives, each route section is checked
separately. The QGR is checked and if there is a very poor QGR result, the
route may be ignored and considered as a route without backhauling.
c. In cases where that there are several routes in which all sections are
above the minimum QGR threshold, a comparison is done between them. The
minimum QGR section in each route is taken and compared with the minimum
QGR of each alternative route. 



d. Handover decision takes place if the existing route has quality grade
inferior to that of other routes.       Fig. 6 depicts a flow diagram of a
handover method operative in accordance with certain embodiments of the
present invention.       As described previously, typically, each relay has
a standard mobile station (rMS) that carries the backhauling traffic;
however the rMS typically does not include keyboard or display, but rather
only an LTE (or WiMAX) modem. This rMS is connected to base station (rBS)
of another relay, which has its own rMS that is connected to another rBS of
another relay. In the event that the rBS transmission interferes with the
co-located rMS's ability to be connected to the remote base station, the
rRM may cause the rBS to transmit empty frames in the downlink.       As
described above, each rRM typically builds some or all of the following
tables: Basic measurement table;Connectivity table: Routing table; Sections
32 Measurement Table. A suitable method for building these tables is
depicted in Fig. 11. The Section Measurement Table may be employed as a
data base by the rRM and the MS to decide about handover and the base
station to which to be connected.       As described above, each rRM has a
list of MSs that camp on it and therefore has the capability to establish
communication between them. For example, mRS2 (12) in Fig. 2 can establish
complete communication traffic between MS5, MS6 and MS7. In addition to
this, each rRM knows the connection of its local rMS and accordingly can
establish communication between the MSs that camp on it and the MSs of the
relay in which its rMS is connected. For example, if in Fig. 2 section
d(17) between mRS 3 and sBS is disconnected or in poor quality, rRM2 can
still establish communication between MS5 - MS 10. The rRM has several
layers, e.g. as depicted in Fig. 9. Typically, while radio management is
effected in the radio management layer (90 ), the capability to establish
the connection between end users mobile phones (MSs) is effected by the
service layer of the rRM (91). The application layer of the rRM (92) is
above its service layer and provides specific radio management applications
for the tactical network.       In tactical networks, it may occur that the
quality of the backhauling section, because of mobility, may be changed
dramatically while the relay moves from one place to another. The
application layer of the rRM ties the connectivity of the relay (QGR) to
the actual location point it was measured. This affords persons who carry
and use the relay an indication regarding location points that have good
QGR.       In case of 3 hops meaning one mobile relay is connected to the
static base station (sBS) via another relay, the application layer of the
first mobile relay (12) may send a message to the other relay (13) to find
the best place for backhauling and stay there.       As described above, a
Decision making method is provided herein which provides a Quality Grade
Result (QGR) for each possible route. Usually in MANET - Mobile Ad-Hoc
Networks -- algorithms are based on hop count (like the DSR) but these
algorithms do not ignore weak quality links. According to certain
embodiments of the present invention, the method may be based on a suitable
modification, as described below, of the following algorithm: Fuad Alnajjar
and Yahao Chen, "SNR/RP aware Routing Algorithm Cross - Layer Design for
MANET" (INTMN, Vol 1, No 2, 



WO 2011/092698PCT/1L2011/000096 33 November 2009), which is based on SNR
and power measurements. The Alnajjar-Chen method is typically modified in
some or all of the following respects:        1) the report generated may
merely include the conventional contents of a EUTRAN measurement report of
the mobile stations (NMR). There is no Route Request message and Replay
message.        2) Computation of the route quality is not done in the
source node - the mobile station, but in the intermediate nodes - the relay
rRM.        3) In addition to the RSSI, RSRP metrics (like the SNR and
power in the Alnajjar article) there are statistical STD, average/mean and
median metrics that weight the results of each section (e.g. as described
herein with reference to Fig. 5). If the relay is on the move and its SNR
measurements are changing (large STD) it degrades section quality.       In
tables 40, 41, 42 and 43 shown in Figs. 4 - 5, the QGR - Quality Grade
Result has 3 quality values: G-good, M-medium, B-bad. These values are
combination of the SNR and the statistical metrics. The SNR is the minimum
SNR that is needed for modulation constellation according to the 3GPP
E-UTRAN tables. The E-UTRAN defines an RSRQ parameter which is similar to
the SNR: RSRQ = N x RSRP  RSSI 



N = Number of Resource blocks RSRP - Reference Signal Received Power RSSI -
Received Signal Strength Indicator RSRQ - Reference Signal Received Quality
This formula may be modified as follows:: N x RSRP rsSINR = RSSI - N x RSRP
1 rsSINR = 1 



RSRQ rsSlNR = reference signal SlNR        In addition, statistical
parameters e.g. mean or other measure of central tendency, and/or standard
deviation as below may be computed and may be suitably  34 combined, using
a suitable application-specific combining method, with the above
information to generate a highly representative channel quality grade
result: Mean: E =1 irsSINR(i) N Standard deviation: 1 N2 SE) 



N=1       For example, in the field, it may transpire that given a fairly
large standard deviation, a lower total grade should be allocated, if the
fluctuation indicated by the large standard deviation is found in
preliminary field experiments to frequently (a large percentage of the
time) yield unacceptably poor SNR in certain communication segments.
Finally, define the two criteria parameter figures: A/ and A2 (0< A1 <A2 ).
Using those criteria parameters, determine the QGR e.g. using the following
two conditions: { E > SNItreq( 1 + A) E If both conditions apply for A = A1
then the QGR is G (good), else if they apply only for A =A2 then the QGR is
M (medium) else the QGR is B (bad). All these QGRs are associated with a
certain transmission mode (modulation and coding). Typical values for the
criteria are A1=0.1 and A2=0.5. If A is close to 0, the STD of the signal
is very small and its average is close (upper side) to the threshold SNR so
no extra margin is apparent hence the situation is good. 



Fig. 12 graphs the above parameters. As shown, if E is high, large S is
acceptable whereas if E is low (margin SNR), the standard deviation E is
preferably low as well.       Fig. 13 is a pictorial illustration of an
example of a rescue operation in which various mobile stations and moving
base stations, serving medical personnel, are advancing over a terrain
where they may never have been deployed, e.g. toward a disaster area. It is
appreciated that the relevant features of the terrain may include,  35
instead of or in addition to the topographical features shown, other
features such as flora and/or urban fixtures either of which may disrupt
communication between communication network nodes.       Each mRS typically
has co-located rRM functionality, rMS functionality and rBS functionality,
as shown. A first state of the system is shown as stage A; communication
lines are indicated by a triple line. A second state of the system is shown
as stage B; communication lines are indicated by a solid line. A third
state of the system is shown as stage C; communication lines are indicated
by a dotted line. As shown, in stage A all the MSs are conventionally
connected to the sBS. However, in stage B the forces move forward. MS1 and
MS4 are still camped on the sBS whereas all other mobile stations get
communication services via mRS1 and mRS2. More generally, according to
certain embodiments, service is provided by sBS1 when possible; this is
termed "the central approach".       In stage C the forces on the right
side have moved forward. mRS2 is in a valley and has connection with mRS1
but no connection with the sBS. The STB table, as shown in Fig. 14, shows
rRM2 and MS5 that the preferable route is via mRS2 and therefore the
communication route for MS5 is changed accordingly, as shown. In idle mode,
MS5 may make this decision whereas if M55 is in active session, or is
occupied with other network transactions, the decision may be made and
initiated by rRM2.       Fig. 14 shows how the tables described herein
support the decisions made in the example of Fig. 13. As shown, the tables
show that in stage C, MS5's MS connectivity decision, rBS2, is wrong. The
section measurement table for MS5, however, indicates how to rectify the
situation: MS5 may be connected to rBS1.       It is appreciated that
terminology such as "mandatory", "required", "need" and "must" refer to
implementation choices made within the context of a particular
implementation or application described herewithin for clarity and are not
intended to be limiting since in an alternative implantation, the same
elements might be defined as not mandatory and not required or might even
be eliminated altogether.       It is appreciated that software components
of the present invention including programs and data may, if desired, be
implemented in ROM (read only memory) form including CD-ROMs, EPROMs and
EEPROMs, or may be stored in any other suitable computer-readable medium
such as but not limited to disks of various kinds, cards of  



36 various kinds and RAMs. Components described herein as software may,
alternatively, be implemented wholly or partly in hardware, if desired,
using conventional techniques. Conversely, components described herein as
hardware may, alternatively, be implemented wholly or partly in software,
if desired, using conventional techniques.       Included in the scope of
the present invention, inter alia, are electromagnetic signals carrying
computer-readable instructions for performing any or all of the steps of
any of the methods shown and described herein, in any suitable order;
machine-readable instructions for performing any or all of the steps of any
of the methods shown and described herein, in any suitable order; program
storage devices readable by machine, tangibly embodying a program of
instructions executable by the machine to perform any or all of the steps
of any of the methods shown and described herein, in any suitable order; a
computer program product comprising a computer useable medium having
computer readable program code, such as executable code, having embodied
therein, and/or including computer readable program code for performing,
any or all of the steps of any of the methods shown and described herein,
in any suitable order; any technical effects brought about by any or all of
the steps of any of the methods shown and described herein, when performed
in any suitable order; any suitable apparatus or device or combination of
such, programmed to perform, alone or in combination, any or all of the
steps of any of the methods shown and described herein, in any suitable
order; electronic devices each including a processor and a cooperating
input device and/or output device and operative to perform in software any
steps shown and described herein; information storage devices or physical
records, such as disks or hard drives, causing a computer or other device
to be configured so as to carry out any or all of the steps of any of the
methods shown and described herein, in any suitable order; a program
pre-stored e.g. in memory or on an information network such as the
Internet, before or after being downloaded, which embodies any or all of
the steps of any of the methods shown and described herein, in any suitable
order, and the method of uploading or downloading such, and a system
including server/s and/or client/s for using such; and hardware which
performs any or all of the steps of any of the methods shown and described
herein, in any suitable order, either alone or in conjunction with
software. Any computer-readable or machine-readable media described herein
is intended to include non-transitory computer- or machine-readable media.
37       Any computations or other forms of analysis described herein may
be performed by a suitable computerized method. Any step described herein
may be computer-implemented. The invention shown and described herein may
include (a) using a computerized method to identify a solution to any of
the problems or for any of the objectives described herein, the solution
optionally include at least one of a decision, an action, a product, a
service or any other information described herein that impacts, in a
positive manner, a problem or objectives described herein; and (b)
outputting the solution.       Features of the present invention which are
described in the context of separate embodiments may also be provided in
combination in a single embodiment. Conversely, features of the invention,
including method steps, which are described for brevity in the context of a
single embodiment or in a certain order may be provided separately or in
any suitable subcombination or in a different order. "e.g." is used herein
in the sense of a specific example which is not intended to be limiting.
Devices, apparatus or systems shown coupled in any of the drawings may in
fact be integrated into a single platform in certain embodiments or may be
coupled via any appropriate wired or wireless coupling such as but not
limited to optical fiber, Ethernet, Wireless LAN, HomePNA, power line
communication, cell phone, PDA, Blackberry GPRS, Satellite including GPS,
or other mobile delivery. It is appreciated that in the description and
drawings shown and described herein, functionalities described or
illustrated as systems and sub-units thereof can also be provided as
methods and steps therewithin, and fiuictionalities described or
illustrated as methods and steps therewithin can also be provided as
systems and sub-units thereof. The scale used to illustrate various
elements in the drawings is merely exemplary and/or appropriate for clarity
of presentation and is not intended to be limiting. Flowcharts included
herein are used for simplicity to exemplify methods typically comprising
some or all of the steps shown, suitably ordered e.g. as shown.  38 CLAIMS
1. A moving cellular communication system comprising: a plurality of moving
relays each including base station functionality, a radio manager and
mobile station functionality, all co-located, 



wherein each base station functionality is operative to communicate via
antennae with at least one mobile station thereby to define a first radio
link there between, and wherein each base station functionality has a
physical connection to its co-located radio manager, wherein each mobile
station functionality communicates via antennae with a unit which has base
station functionality thereby to define a second radio link, wherein the
radio manager in each individual moving relay comprises: a radio resource
manager; and       functionality for exchanging information with radio
managers included in moving relays other than said individual moving relay,
wherein said information is used by said radio resource manager to select,
for at least one individual mobile station seeking to be served, one of: a
static base station; and a base station functionality,        to which to
connect said individual mobile station in order to provide cellular
communication services thereto.     2. A system according to claim 1
operative in conjunction with       a cellular network including a core
device, at least one static base station, and a population of mobile
stations communicating via antennae with at least one of the base stations,
wherein at least one topological change in said system occurs dynamically,
said topological change comprises a dynamic change in at least one
connection between a moving relay and at least one of a moving relay and a
static base station.        3. A system according to claim 2 wherein at
least one radio resource manager locally stores at least some of the
information it uses to make a decision re selection of a cellular
communication service provider for an individual mobile station 



WO 2011/092698PCT/1L2011/000096 39 seeking to be served, even after said
decision has been made, thereby to generate a database co-located with said
radio resource manager.        4. A system according to claim 1 wherein
said information used by said radio resource manager includes information
obtained from its co-located base station functionality        5. A system
according to claim 1 or claim 4 wherein said information used by said radio
resource manager includes information obtained from its co-located mobile
station functionality.        6. A system according to claim 5 wherein said
information obtained from said co-located mobile station functionality is
derived from at least one measurement of at least one characteristic of
said second radio link.        7. A system according to claim 6 wherein
said functionalities are 



provided in accordance with a cellular communication standard and wherein
said information includes information provided by said mobile station
functionality in accordance with said standard.        8. A system
according to claim 7 wherein said cellular communication standard comprises
3GPP E-UTRAN LTE.        9. A system according to claim 8, where the
information includes at least one of RSSI, RSRP, RSRQ.        10. A system
according to claim 1 wherein each said moving relay and each said mobile
station constitutes a cellular communication node and wherein said links
generate routes interconnecting said nodes and wherein at least one radio
resource manager residing at an individual node is operative to compute a
route quality parameter characterizing quality of at least one individual
route passing through said  WO 2011/092698PCT/1L2011/000096 40 individual
node, by combining information pertaining to links along said individual
route. 



11. A system according to claim 10 wherein said radio resource manager
operative to compute a route quality parameter combines information
pertaining to links along said individual route by computing a minimum from
among values characterizing respective qualities of all links forming said
individual route.        12. A system according to claim 10 wherein said
system is operative in conjunction with a cellular network including a core
device, at least one static base station, and a population of mobile
stations communicating via antennae with at least one of the base stations,
and wherein said individual route comprises a route connecting said
individual node to at least one of the static base stations.        13. A
system according to claim 1 wherein said system is operative in conjunction
with a static network including a core device, at least one static base
station, and a population of mobile stations communicating via antennae
with at least one of the base stations and wherein each individual radio
manager that does not have a sufficiently high quality connection to the
static network can provide communication, via said individual radio
manager's co-located base station functionality, between mobile stations
that are connected to said co-located base station functionality.
14. A system according to claim 13 wherein said system is operative in
conjunction with a static network including a core device, at least one
static base station, and a population of mobile stations communicating via
antennae with at least one of the base stations and wherein each radio
manager that does not have a connection to the static network can provide
communication, via said individual radio manager's co-located base station
functionality, between mobile stations that are connected to said
co-located base station functionality.        15. A system according to
claim 1 wherein at least one individual radio manager can provide
communication, via at least one base station functionality linked to  



WO 2011/092698PCT/1L2011/000096 41 said radio manager, between mobile
stations that are connected to said at least one base station
functionality.         16. A system according to claim 1 wherein each
resource manager is operative to selectably establish communication between
at least one mobile station connected to its co-located base station
functionality and at least one mobile station connected to a moving relay
to which said resource manager's co-locked mobile station functionality is
linked via a route.         17. A system according to claim 16 wherein said
route includes a plurality of links.         18. A system according to
claim 10 wherein said radio resource manager residing at said individual
node computes a plurality of route quality parameters for a corresponding
plurality of route alternatives.         19. A system according to claim 18
wherein said radio resource manager provides said plurality of route
quality parameters to an individual mobile station connected to the base
station functionality co-located with said radio resource manager.
20. A system according to claim 19 wherein said individual mobile station
is operative, when in a mode in which it is its own decision to which unit
having base station functionality it is to be connected, to make said
decision based at least in part on said plurality of route quality
parameters.         21. A system according to claim 6 wherein said
information obtained from said co-located mobile station functionality
includes said at least one measurement itself.  42 



22. A system according to claim 4 wherein said information obtained from
said co-located base station functionality is derived from at least one
measurement of at least one characteristic of said first radio link.
23. A system according to claim 22 wherein said information obtained from
said co-located base station functionality includes said at least one
measurement itself.        24. A system according to claim 8 or claim 9
where the information includes a rsSINR metric.        25. A system
according to claim 1 in which an individual mobile station is connected to
an individual base station functionality and wherein a decision to transfer
said individual mobile station away from said individual base station
functionality is made by a resource manager co-located with said individual
base station functionality.        26. A system according to claim 1 and
also comprising a cellular network including a core device, at least one
static base station, and a population of mobile stations communicating via
antennae with at least one of the base stations.        27. A system
according to claim 26 and also comprising a relay network manager
(DisNetRM) located at a static network core device. 



28. A system according to claim 1 wherein, for at least one mobile station
functionality in at least one individual moving relay, said unit which has
base station functionality comprises a base station functionality of a
moving relay other than said individual moving relay.        29. A system
according to claim 1 operative in conjunction with a cellular network
including a core device, at least one static base station, and a population
of mobile stations communicating via antennae with at least one of the base
stations,  43       wherein, for at least one mobile station functionality
in at least one individual moving relay, said unit which has base station
functionality comprises said static base station.        30. A system
according to claim 1 wherein said information, but for said exchanging, is
accessible to only a subset of said radio managers.        31. A system
according to claim 1 wherein said information comprises link information
characterizing at least one of said radio links        32. A system
according to claim 28 wherein for the mobile station functionality
co-located with said moving relay other than said individual moving relay,
said unit which has base station functionality also comprises a base
station functionality of a moving relay rather than a static base station,
thereby to provide multi-hop capability to said system. 



33. A system according to claim 27 in which an individual mobile station is
connected to an individual base station functionality and wherein a
decision to transfer said individual mobile station away from said
individual base station functionality is made centrally by said relay
network manager (DisNetRM).        34. A system according to claim 20 and
also comprising a cellular network including a core device, at least one
static base station, and a population of mobile stations communicating via
antennae with at least one of the base stations wherein said individual
mobile station decides to establish connection with the unit having base
station functionality which, according to said plurality of route quality
parameters, provides said individual mobile station with the best route to
one of the static base stations.  WO 2011/092698PCT/1L2011/000096 44
35. A mobile communication network system operative in conjunction with a
core network including a core device and at least one static base station,
the system comprising: a plurality of base stations; and        a
population of mobile stations communicating via antennae with the base
stations;        the base stations including at least one moving base
station which communicates via antennae with the mobile stations and
includes base station functionality, a first radio manager and mobile
station functionality all co-located with the base station functionality,
the base station functionality having a physical back-connection to the
first radio manager, the first radio manager having a physical connection
with the mobile station functionality, the mobile station functionality
communicating via antennae with at least one selectable static base
station, 



wherein the first radio manager comprises: a radio resource manager; and
functionality for receiving information from, and sending information to,
other radio managers, respectively co-located with other moving base
stations, and for using the information to determine whether to reject at
least one mobile station seeking to be served by an individual base station
associated with the individual co-located radio manager.        36. A
system according to claim 35 wherein said information comprises information
regarding qualities of respective connections of respectively co-located
radio managers back to the core network is provided by respectively
co-located radio managers via a selected one of:        a static base
station from among the at least one static base station of the core
network; and        a moving base station capable of providing service to
the individual radio manager's co-located mobile device.  45        37. A
system according to claim 35 wherein said information re quality of its own
connection back to the core network is provided by its own co-located
mobile station.        38. A system according to claim 35 wherein said
information includes information re channel quality which other base
stations are able to provide mobile stations in the vicinity of the
individual co-located radio manager and which is provided by reports
generated by said mobile stations in said vicinity.        39. A system
according to claim 35 wherein said information re quality of service
available from its own base station for mobile stations in the vicinity of
the individual co-located radio manager is provided by its own co-located
mobile station. 



40. A system according to claim 35 wherein said other radio manager is
operative to compute, for at least one individual mobile station, route
comparison information including a plurality of routes of base stations via
which the individual mobile station can communicate with the core network
and at least one parameter characterizing the relative quality of each of
said routes and to communicate to said individual mobile station
information indicative of said route comparison information and wherein
said individual mobile station is operative to select a base station to be
connected to at least partly based on said information indicative of said
route comparison information.        41. A system according to claim 40
wherein said parameter is based upon a minimum SNR value, over sections
which together compose a route, each section having its own SNR value.
42. A system according to claim 40 wherein said parameter characterizing
route quality is a combination of measured qualities of route sections and
fluctuations thereof such that route sections with largely fluctuating
quality measurements are devalued due to their unpredictability.  46
43. A system according to claim 35 wherein at least one individual
co-located radio manager includes a mobile-to-mobile direct communication
facilitation functionality operative to provide direct communication, not
requiring said core network, between a plurality of mobile devices in said
individual radio manager's vicinity.        44. A system according to claim
35 wherein said moving base station observes a silence period during which
it refrains from transmitting to its own co-located mobile station.
45. A system according to claim 44 wherein at least one characteristic of
said silence period is dynamically determined by the moving base station's
co-located radio manager. 



46. A system according to claim 45 wherein said characteristic comprises a
zone in which silence is observed which is defined over at least one of a
frequency band and a time window.        47. A system according to claim 35
wherein said network comprises a tactical E-UTRAN network.        48. A
system according to claim 35 wherein if a multi-hop communication route is
used, in which a relay R that is connected to the core network via another
relay A, relay R sends a message to a backhauling relay that R is A's
anchor.        49. A system according to claim 35 wherein said static base
station is co-located with said core device.        50. A system according
to claim 35 wherein said physical back- connection comprises an Ethernet
back-connection.  47 



51. A system according to claim 35 wherein said radio resource manager
comprises an E-UTRAN radio resource manager.        52. A mobile
communication networking method comprising:       Providing a core network
including a core device and at least one static base station; a plurality
of base stations; and a population of mobile stations communicating via
antennae with the base stations; the base stations including at least one
moving base station which communicates via antennae with the mobile
stations and includes base station functionality, a first radio manager and
mobile station functionality all co-located with said base station
functionality, the base station functionality having a physical
back-connection to the first radio manager, the first radio manager having
a physical connection with said mobile station functionality, the mobile
station functionality communicating via antennae with at least one
selectable static base station, wherein said first radio manager comprises
a radio resource manager; and functionality for receiving information from,
and sending information to, other radio managers, respectively co-located
with other moving base stations; and       using said information to
determine whether to reject at least one mobile station seeking to be
served by an individual base station associated with said first radio
manager.        53. A system according to claim 35 wherein users are shown
a good location for QGR.        54. A system according to claim 53 wherein
statistical measurements of a co-located MS in each at least one relay are
attached to location results of the relay and wherein said system includes
at least one rRM having a functionality that computes and indicates to the
user locations with good QGC.        55. A system according to claim 48
wherein the backhauling relay becomes aware that another relay is connected
to it and finds a good place to remain  WO 2011/092698PCT/IL2011/000096 48
56. A system according to claim 35 wherein said information includes
information regarding qualities of other base stations' respective
connections back to the core network. 



57. A system according to claim 35 wherein said information includes
information regarding quality of the first radio manager's moving base
station's connection back to the core network.        58. A system
according to claim 35 wherein said information includes information
regarding channel qualities which said first radio manager's own base
station, and base stations other than said first radio manager's own base
station, are respectively able to provide, to mobile stations in the
vicinity of the first radio manager.        59. A method according to claim
52 wherein said information includes information regarding qualities of
other base stations' respective connections back to the core network.
60. A method according to claim 52 wherein said information includes
information regarding quality of the first radio manager's moving base
station's connection back to the core network.        61. A method
according to claim 52 wherein said information includes information
regarding channel qualities which said first radio manager's own base
station, and base stations other than said first radio manager's own base
station, are respectively able to provide, to mobile stations in the
vicinity of the first radio manager.        62. A computer program product,
comprising a computer usable medium having a computer readable program code
embodied therein, said computer readable program code adapted to be
executed to implement any method shown and described herein.  49        63.
A mobile communication network system operative in conjunction with a
network including a core device, a plurality of base stations including at
least one static base station, and a population of mobile stations
communicating via antennae with at least one of the base stations, the
system comprising:       at least one moving base station included in said
plurality of base stations which communicates via antennae with the mobile
stations and includes base station functionality, a first radio manager and
mobile station functionality all co-located with the base station
functionality, the base station functionality having a physical
back-connection to the first radio manager, the first radio manager having
a physical connection with the mobile station functionality, the mobile
station functionality communicating via antennae with at least one
selectable base station, 



wherein the first radio manager comprises: a radio resource manager; and
functionality for receiving information from, and for sending information
to, other radio managers, respectively co-located with other moving base
stations, and for using the information to determine whether to reject at
least one mobile station seeking to be served by an individual base station
associated with the individual co-located radio manager.        64. A
mobile communication network system operative in conjunction with a network
including a core device, a plurality of base stations including at least
one static base station, and a population of mobile stations communicating
via antennae with at least one of the base stations, the system comprising:
at least one moving base station included in said plurality of base
stations which communicates via antennae with the mobile stations and
includes base station functionality, a first radio manager and mobile
station functionality all co-located with the base station functionality,
the base station functionality having a physical back-connection to the
first radio manager, the first radio manager having a physical connection
with the mobile station functionality, the mobile station functionality
communicating via antennae with at least one selectable base station,  50
wherein the first radio manager comprises: a radio resource manager; and
functionality for receiving information from, and sending information to,
other radio managers, respectively co-located with other moving base
stations, 



wherein at least one radio manager is operative to compute, for at least
one individual moving base station, route comparison information including
a plurality of routes of base stations via which the individual moving base
station can communicate with the core network and at least one parameter
characterizing the relative quality of each of said routes and wherein said
individual moving base station connects to a serving base station selected
at least partly based on information indicative of said route comparison
information.        65. A system according to claim 63 wherein said mobile
station seeking to be served by said individual base station includes a
mobile station currently being served by said individual base station.
66. A system according to claim 63 wherein said individual base station is
co-located with the individual co-located radio manager.        67. A
system according to claim 63 wherein said individual base station is served
by the individual co-located radio manager.        68. A system according
to claim 63 wherein said functionality is also operative to determine a
base station other than said individual base station, which is more
suitable than said individual base station to serve said mobile station
seeking to be served.        69. A system according to claim 63 wherein at
least one radio manager is operative to compute, for at least one
individual moving base station, route comparison information including a
plurality of routes of base stations via which the individual moving base
station can communicate with the core network and at least one parameter 



51 characterizing the relative quality of each of said routes and wherein
said individual moving base station connects to a serving base station
selected at least partly based on information indicative of said route
comparison information.        70. A system according to claim 64 wherein
each said other radio manager is operative to compute, for at least one
individual mobile station, route comparison information including a
plurality of routes of base stations via which the individual mobile
station can communicate with the core network and at least one parameter
characterizing the relative quality of each of said routes and to
communicate to said individual mobile station information indicative of
said route comparison information and wherein said individual mobile
station is operative to select a base station to be connected to at least
partly based on said information indicative of said route comparison
information.        71. A system according to claim 64 wherein the radio
manager computes said route comparison information for an individual moving
base station served thereby whose mobile station functionality is
communicating in idle mode, via antenna, with at least one selectable base
station.        72. A system according to claim 64 wherein the radio
manager computes said route comparison information for a moving base
station co-located therewith whose mobile station functionality is
communicating in active mode, via antenna, with at least one selectable
base station.        73. A system according to claim 71 and wherein the
individual moving base station camps on said serving base station selected
at least partly based on said information indicative of said route
comparison information.        74. A system according to claim 72 and
wherein the individual moving base station is handed over to said serving
base station selected at least partly based on said information indicative
of said route comparison information.  52        75. A system according to
claim 63 and also comprising a core device and wherein the core device
allocates constant communication session bandwidth between each mobile
station functionality and the base station with which it is communicating
so as to maintain a constant active mode of communication between each
mobile station functionality and the base station. 



76. A system according to claim 64 and also comprising a core device and
wherein the core device allocates constant communication session bandwidth
between each mobile station functionality and the base station with which
it is communicating so as to maintain a constant active mode of
communication between each mobile station functionality and the base
station.        77. A mobile communication network system serving a
population of mobile stations communicating via antennae with base
stations, the system including:       a plurality of base stations
including at least one static base station and at least one moving base
station which communicates via antennae with the mobile stations and
includes base station functionality, a first radio manager and mobile
station functionality all co-located with the base station functionality,
the base station functionality having a physical back-connection to the
first radio manager, the first radio manager having a physical connection
with the mobile station functionality, the mobile station functionality
communicating via antennae with at least one selectable base station; and
a core device which allocates constant communication session bandwidth
between each mobile station functionality and the base station with which
it is communicating so as to maintain a constant active mode of
communication between each mobile station functionality and the base
station.        78. A system according to claim 56 wherein said other base
stations include all base stations along a route connecting said moving
base station and said core, via which route said core serves said moving
base station.  53        79. A system according to claim 77 wherein said
other base stations include all base stations along a route connecting said
moving base station and said core, via which route said core serves said
moving base station.        80. A system according to claim 64 wherein said
information includes information regarding channel qualities which said
first radio manager's own base station, and base stations other than said
first radio manager's own base station, are respectively able to provide,
to mobile stations in the vicinity of the first radio manager.        81. A
system according to claim 63 wherein said functionality is operative for
detecting the quality of each end-user section and the quality of each
backhauling section according to mobile stations' and mobile station
fimctionalities' measurements and for combining said qualities into quality
grade results for a current route and for alternative routes for at least
one mobile station.        82. A system according to claim 81 and wherein
said quality grade results are broadcast to at least one mobile stations. 



83. A system according to claim 81 wherein at least one handover decision,
to hand over a node from one base station to another, is made by taking
into account, for at least one alternative route, the quality grade result
of access and backhauling sections.        84. A system according to claim
81 wherein at least one cell admission decision is made by taking into
account, for at least one alternative route, the quality grade result of
access and backhauling sections.        85. A system according to claim 81
wherein at least one cell reselection decision is made by taking into
account, for at least one alternative route, the quality grade result of
access and backhauling sections.  WO 2011/092698PCT/1L2011/000096 54
86. A system according to claim 81 wherein said mobile stations' and mobile
station functionalities' measurements include RSRP.        87. A system
according to claim 81 wherein said mobile stations' and mobile station
functionalities' measurements include RSRI.        88. A system according
to claim 81 wherein said mobile stations' and mobile station
functionalities' measurements include RSRQ.        89. A system according
to claim 63 wherein each radio manager uses measurements from at least one
other radio manager over a sub-network, and at least one of RSRP, RSRI and
RSRQ measurements from at least one of its co-located mobile station
functionality and a mobile station, to build a radio resource measurements
table.        90. A system according to claim 89 wherein at least one of
said measurements is distributed by broadcast message type to all radio
managers. 



91. A system according to claim 81 wherein the QGR of all alternative
routes is distributed to mobile stations using a broadcast message.
92. A system-according to claim 91 wherein the broadcast 'message relating
to each individual base station is sent to all mobile stations camping on
said individual base station.        93. A system according to claim 64
wherein said information includes information regarding qualities of other
base stations' respective connections back to the core network.  55
95. A system according to claim 63 wherein at least one radio manager
"masquerades" as a base station by sending a request to a mobile station
functionality to execute an NMR measurement.        96. A system according
to claim 63 wherein said information includes information regarding quality
at which the first radio manager's mobile station functionality would be
served by each base station capable of serving the first radio manager's
mobile station functionality.        97. A computer program product,
comprising a computer usable medium having a computer readable program code
embodied therein, said computer readable program code adapted to be
executed to implement any method shown and described herein. 








