
DESCRIPTION TITLE METHOD AND APPARATUS FOR PROVIDING SIGNALING OF
REDUNDANCY VERSIONS BACKGROUND [0001] Radio communication systems, such as
a wireless data networks (e.g., Third Generation Partnership Project (3GPP)
Long Term Evolution (LTE) systems, spread spectrum systems (such as Code
Division Multiple Access (CDMA) networks), Time Division Multiple Access
(TDMA) networks, WiMAX (Worldwide Interoperability for Microwave Access),
etc.), provide users with the convenience of mobility along with a rich set
of services and features. This convenience has spawned signifi cant
adoption by an ever growing number of consumers as an accepted mode of
communication for business and personal uses. To promote greater adoption,
the telecommunication in dustry, from manufacturers to service providers,
has agreed at great expense and effort to develop standards for communi
cation protocols that underlie the various services and fea tures. One area
of effort involves acknowledgment signaling, whereby transmissions can be
implicitly or explicitly ac knowledged to convey successful transmission of
data. An inefficient acknowledgement scheme can unnecessarily consume
network resources. [0002] Therefore, there is a need for an approach for
pro viding efficient signaling, which can co-exist with already developed
standards and protocols.SOME EXAMPLE EMBODIMENTS [0003] According to one
embodiment, a method comprises de tecting start of a system information
message transmission 



window. The method also comprises assigning a redundancy version sequence
at the start of the transmission window. [0004] According to another
embodiment, a computer-readable storage medium carrying on or more
sequences of one or more instructions which, when executed by one or more
processors, cause an apparatus to detect start of a system information
message transmission window. The apparatus is also caused to assign a
redundancy version sequence at the start of the transmission window. [0005]
According to another embodiment, an apparatus com prises a redundancy
version signaling module configured to detect start of a system information
message transmission window and to assign a redundancy version sequence at
the start of the transmission window. [0006] According to another
embodiment, an apparatus com prises means for detecting start of a system
information message transmission window. The apparatus also comprises means
for assigning a redundancy version sequence at the start of the
transmission window. [0007] According to another embodiment, a method
comprises assigning a redundancy version sequence at a start of the
transmission window by allocating the sequence to nonmulticast subframes
within a system information message transmission window, and by allocating
the sequence to re maining subframes within the system information message
transmission window. [0008] According to another embodiment, a
computer-readable storage medium carrying on or more sequences of one or
more instructions which, when executed by one or more processors, 



cause an apparatus to assign a redundancy version sequence at a start of
the transmission window by allocating the sequenceto non-multicast
subframes within a system information mes sage transmission window, and by
allocating the sequence to remaining subframes within the system
information message transmission window. [0009] According to another
embodiment, an apparatus com prises a redundancy version signaling module
configured to assign a redundancy version sequence at a start of the trans
mission window by allocating the sequence to non-multicast subframes within
a system information message transmission window, and by allocating the
sequence to remaining subframes within the system information message
transmission window. [0010] According to yet another embodiment, an
apparatus comprises means for assigning a redundancy version sequence at a
start of the transmission window by allocating the sequence to
non-multicast subframes within a system information message transmission
window, and by allocating the sequence to remaining subframes within the
system information message transmission window. [0011] Still other aspects,
features, and advantages of the invention are readily apparent from the
following detailed description, simply by illustrating a number of
particular embodiments and implementations, including the best mode con
templated for carrying out the invention. The invention is also capable of
other and different embodiments, and its several details can be modified in
various obvious respects, all without departing from the spirit and scope
of the invention. Accordingly, the drawings and description are to be
regarded as illustrative in nature, and not as restrictive. 



BRIEF DESCRIPTION OF THE DRAWINGS [0012] The embodiments of the invention
are illustrated by way of example, and not by way of limitation, in the
figures of the accompanying drawings:[0013] FIG. 1 is a diagram of a
communication system capable of providing signaling of redundancy versions,
according to an exemplary embodiment; [0014] FIGs. 2-5 are flowcharts of
processes for signaling of redundancy versions, according to various
exemplary em bodiments; [0015] FIGs. 6A and 6B are diagrams, respectively,
of a con ventional redundancy version mapping scheme, and of a redun dancy
version mapping scheme according to an exemplary embodiment, each scheme
pertaining to an exemplary system in formation message window length of 15
ms; [0016] FIGs. 7A and 7B are diagrams, respectively, of a con ventional
redundancy version mapping scheme, and of a redun dancy version mapping
scheme according to an exemplary embodiment, each scheme pertaining to an
exemplary system in formation message window length of 15 m s for Frequency
Divi sion Duplex (FDD) ; [0017] FIGs. 8A and 8B are diagrams, respectively,
of a con ventional redundancy version mapping scheme, and of a redundancy
version mapping scheme according to an exemplary em bodiment, each scheme
pertaining to an exemplary system in formation message window length of 15
m s for Time Division Duplex (TDD) ; [0018] FIGs. 9A and 9B are diagrams of
an exemplary WiMAX (Worldwide Interoperability for Microwave Access)
architec ture, in which the system of FIG. 1 can operate, according to 



various exemplary embodiments of the invention; [0019] FIGs. 10A-10D are
diagrams of communication systems having exemplary long-term evolution
(LTE) architectures, in which the user equipment (UE) and the base station
of FIG. 1 can operate, according to various exemplary embodiments of the
invention;[0020] FIG. 11 is a diagram of hardware that can be used to
implement an embodiment of the invention; and [0021] FIG. 12 is a diagram
of exemplary components of a user terminal configured to operate in the
systems of FIGs. 9 and 10, according to an embodiment of the invention.
DESCRIPTION OF SOME EMBODIMENTS [0022] An apparatus, method, and software
for implicitly signaling redundancy version information are disclosed. In
the following description, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding
of the embodiments of the invention. It is apparent, however, to one
skilled in the art that the embodiments of the invention may be practiced
without these specific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown in block diagram
form in order to avoid unnecessarily obscuring the embodiments of the
invention. [0023] Although the embodiments of the invention are dis cussed
with respect to a wireless network compliant with the Third Generation
Partnership Project (3GPP) Long Term Evolution (LTE) architecture, it is
recognized by one of or dinary skill in the art that the embodiments of the
inven tions have applicability to any type of communication system and
equivalent functional capabilities. 



[0024] FIG. 1 is a diagram of a communication system capable of providing
signaling of redundancy version, according to an exemplary embodiment. As
shown in FIG. 1 , a communication system 100 includes one or more user
equipment (UEs) 101 com municating with a base station 103, which is part
of an access network (e.g., 3GPP LTE or E-UTRAN, etc.) (not shown). Under
the 3GPP LTE architecture (as shown in FIGs. 10A-10D) , the base station
103 is denoted as an enhanced Node B (eNB) .The UE 101 can be any type of
mobile stations, such as hand sets, terminals, stations, units, devices,
multimedia tab lets, Internet nodes, communicators, Personal Digital Assis
tants (PDAs) or any type of interface to the user (such as "wearable"
circuitry, etc.) . The UE 101 includes a trans ceiver 105 and an antenna
system 107 that couples to the transceiver 105 to receive or transmit
signals to the base station 103. The antenna system 107 can include one or
more antennas. For the purposes of illustration, the time division duplex
(TDD) mode of 3GPP is described herein; however, it is recognized that
other modes can be supported, e.g., frequency division duplex (FDD) .
[0025] As with the UE 101, the base station 103 employs a transceiver 109,
which transmits information to the UE 101. Also, the base station 103 can
employ one or more antennas 111 for transmitting and receiving
electromagnetic signals. For instance, the Node B 103 may utilize a
Multiple Input Multiple Output (MIMO) antenna system, whereby the Node B
103 can support multiple antenna transmit and receive capabilities. This
arrangement can support the parallel transmission of independent data
streams to achieve high data rates between the UE 101 and Node B 103. The
base station 



103, in an exemplary embodiment, uses OFDM (Orthogonal Fre quency
Divisional Multiplexing) as a downlink (DL) transmission scheme and a
single-carrier transmission (e.g., SC-FDMA (Single Carrier-Frequency
Division Multiple Access)) with cy clic prefix for the uplink (UL)
transmission scheme. SC-FDMA can also be realized using a DFT-S-OFDM
principle, which is detailed in 3GGP TR 25.814, entitled "Physical Layer
Aspects for Evolved UTRA," v .1.5.0, May 2006 (which is incorporated herein
by reference in its entirety) . SC-FDMA, also re ferred to as
Multi-User-SC-FDMA, allows multiple users to transmit simultaneously on
different sub-bands.[0026] In one embodiment, the system of FIG. 1 provides
MBMS (Multimedia Broadcast Multicast Services) services in a MBSFN
(Multimedia Broadcast Single Frequency Network) . An MBSFN typically has
other neighboring MBSFNs or unicast networks operating at the same
frequency. [0027] Communications between the UE 101 and the base sta tion
103 (and thus, the network) is governed, in part, by control information
exchanged between the two entities. Such control information, in an
exemplary embodiment, is transported over a control channel 113 on, for
example, the downlink from the base station 103 to the UE 101. By way of
example, a number of communication channels are defined for use in the
system 100. The channel types include: physical channels, transport
channels, and logical channels. For instance in LTE system, the physical
channels include, among others, a Physical Downlink Shared channel (PDSCH),
Physical Downlink Control Channel (PDCCH) , Physical Uplink Shared Channel
(PUSCH) , and Physical Uplink Control Channel (PUCCH) . The transport
channels can be defined by how they transfer 



data over the radio interface and the characteristics of the data. In LTE
downlink, the transport channels include, among others, a broadcast channel
(BCH) , paging channel (PCH) , and Down Link Shared Channel (DL-SCH) . In
LTE uplink, the exem plary transport channels are a Random Access Channel
(RACH) and UpLink Shared Channel (UL-SCH) . Each transport channel is
mapped to one or more physical channels according to its physical
characteristics. [0028] Each logical channel can be defined by the type and
required Quality of Service (QoS) of information that it carries. In LTE
system, the associated logical channels include, for example, a broadcast
control channel (BCCH) , a paging control channel (PCCH) , Dedicated
Control Channel (DCCH) ,Common Control Channel (CCCH) , Dedicated Traffic
Channel (DTCH), etc. [0029] In LTE system, the BCCH (Broadcast Control
Channel) can be mapped onto both BCH and DL-SCH. A s such, this is mapped
to the PDSCH; the time-frequency resource can be dy namically allocated by
using L1/L2 control channel (PDCCH) . In this case, BCCH (Broadcast Control
Channel) -RNTI (Radio Network Temporary Identifier) is used to identify the
re source allocation information. [0030] To ensure accurate delivery of
information between the eNB 103 and the UE 101, the system 100 utilizes
error de tection modules 115a and 115b, respectively, in exchanging
information, e.g., Hybrid ARQ (HARQ) . HARQ is a concatena tion of Forward
Error Correction (FEC) coding and an Automatic Repeat Request (ARQ)
protocol. In one embodiment, the error detection modules 115a-115b work in
conjunction with the scheduling module 119 of the eNB 103 to schedule the 



transmissions of error control signalling. Automatic Repeat Request (ARQ)
is an error recovery mechanism used on the link layer. A s such, this error
recovery scheme is used in con junction with error detection schemes (e.g.,
CRC (cyclic re dundancy check) ), and is handled with the assistance of
error detection modules and within the eNB 103 and UE 101, respec tively.
The HARQ mechanism permits the receiver (e.g., UE 101) to indicate to the
transmitter (e.g., eNB 103) that a packet or sub-packet has been received
incorrectly, and thus, requests the transmitter to resend the particular
packet (s) . [0031] The HARQ functionality employs redundancy information
(e.g., redundancy version (RV) parameters) to control the transmissions.
Accordingly, the eNB 103 and UE 101 possess, in an exemplary embodiment,
redundancy version signaling mod ules 117a and 117b, respectively. For
example, the UE 101 can be configured to use the same incremental
redundancy version for all transmissions. Accordingly, an RV sequence
specifies the RV parameters associated with a block o f trans missions .
[0032] It should b e noted that for the transmission o f SI-x information
on the PDSCH, HARQ in its normal form is not used, a s there is n o U L
channel for carrying this informa tion. However, the RV properties o f HARQ
during the transmis sion o f the different sub-parts o f the encoded packet
can b e exploited. [0033] In one embodiment, the eNB 103 transmits t o
terminals (e.g., UE 101) using common control channels (e.g. the Broad cast
Control Channel (BCCH) ) with variable redundancy ver sions (RV) , but
without the corresponding explicit redundancy version signaling.
Determination o f the RVs at the UE 101 



(and at the eNB 103) for the transmission o f the BCCH (car ried over the
DL-SCH and PDSCH) can b e problematic. [0034] It is observed that the
transmission o f the BCCH over DL-SCH/PDSCH has the following
characteristics. First, mul tiple system information blocks can b e carried
on the BCCH, each with its own transmission time interval (TTI), denoted as
Tx (e.g., System Information Block Type 1 (SIBl) has the TTI o f 80ms, for
SI-2 the TTI can b e 160ms, etc. for SI-x, x . [0035] Second, SI-x
transmission can have multiple instances within a TTI; and those multiple
transmissions can b e softcombined at the UE 101 within a window. The
window size is configurable; and the same for all SI-x within one cell, it
is one o f w e {l,2,5,lO,15,2O,4q}ms (see 3GPP T S 36.331 v8.2.0, "Evolved
Universal Terrestrial Radio Access (E-UTRA) ; Radio Resource Control (RRC);
Protocol specification"; which is in corporated herein b y reference in its
entirety) . The exactposition and the number of SI-x transmission instances
within the window w is eNB 103 implementation-specific. [0036] Third,
multiple SI-x transmission instances can have different redundancy versions
in order to obtain incremental redundancy (IR) gains during the above
mentioned soft combin ing approach at the UE 101. [0037] Fourth, the BCCH
transmission over the PDSCH is scheduled with a special downlink (DL)
control channel (PDCCH) referred to as Downlink Control Information (DCI)
format 1C, which compared to other DCI formats does not, for example,
contain the 2 explicit bits for RV signaling in or der to reduce the
overhead and increase coverage. [0038] As used herein, downlink (DL) refers
to communication 



in the direction of the eNB 103 (or network) to the UE 101, while uplink
(UL) relates to communication in the direction of the UE 101 to the eNB 103
(or network) . [0039] In view of the above, implicit RV signaling has re
ceived significant attention. For example, one traditional approach
provides that the redundancy version sequence of 0,2,3,1... is optimal
among all possible (permutations of) RV sequences; and this offers
performance close to the optimal IR performance of so called pure circular
buffer. [0040] In another approach, this RV sequence is used for LTE UL
non-adaptive, synchronous HARQ retransmissions. However, in such a case,
the eNode B knows the exact time instances where it can expect the
retransmissions. On the contrary, for BCCH transmissions the eNode B has
the flexibility to se lect the subframes in which retransmissions will take
place so the UE 101 does not have the full knowledge about time instances
of retransmission. [0041] In another approach, the BCCH' s RVs are linked
to subframe number (ns ,ns = 0,1,..., 9 ) and/or to radio frame number
(SFN, SFN = 0,1,..., 1023; This is illustrated in Table 1 for SIBl and
SI-x. Table 1 [0042] The first approach cannot be reused directly for the
BCCH RV determination because the time instances for BCCH re transmissions
are not fully specified (i.e., the eNB has the full flexibility to select
the number and positions of SI-x transmissions within the respective
window) . In the second approach, for SI-x's RV selection, it is observed
that it is not guaranteed that each SI-x window position will be aligned
with the start of subframe numbering ( tis or nsmod 4 ) . In 



these cases the RV sequence may be suboptimal if the eNB 103 decides to
schedule the SI-x transmission instances consecu tively within the
corresponding window. Moreover, for cer tain window sizes (e.g., 2 0 ms and
40 ms) , and also for cer tain window positions, the probability of
occurrence of each RV is not equal. Additionally, this approach does not
take into account possible UL subframes (in case of TDD carriers) and
possible MBSFN subframes, which might further escalate the above problems
of unequal probabilities of RV occurrence and suboptimal RV
sequences.[0043] The above traditional approaches for implicit signal ing
are further described in the following (all of which are incorporated
herein by reference in their entireties) : Rl- 080945, "Simulation results
on RV usage for uplink HARQ", Nokia Siemens Networks, Nokia; Rl-081009, "RV
selection for uplink HARQ", LG Electronics; 3GPP TS 3 6 .321v8 .2 .0 ,
"Evolved Universal Terrestrial Radio Access (E-UTRA) ; Medium Access
Control (MAC) protocol specification"; Rl-083207, "DCI Format 1C with
implicit RV and TBS", Motorola; and 3GPP TS 36.211 v8.3.0, "Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation." [0044] To mitigate the above problems and drawbacks, proc
esses for implicit redundancy version assignment are pro posed, as detailed
in FIGs. 2-5. [0045] FIGs. 2-5 are flowcharts of processes for signaling of
redundancy versions, according to various exemplary em bodiments. In one
embodiment, the processes of FIGs. 2-5 are performed by the RV signaling
module 117. A s shown in FIG. 2 (denoted as Method 1), the RV signaling
module 117 detects the start of system information (SI) transmission window



(step 201) . Next, the assignment of the RV sequence of 02310231... can be
started at the beginning of a corresponding SI transmission window (step
203); this method can be further optimized by one or a combination of the
enhancements. For example, the process assigns the RV sequence excluding
subframes #5 in even-numbered radio frames (when SFN mod 2 = 0 ) if such a
subframe(s) fall within the SI window (subframes #5 in even-numbered radio
frames cannot be used for SI-x, x>l transmission as they are reserved for
SIBl transmission) (steps 205 and 207) . Also, the process assigns the RV
se quence excluding UL subframes in case of TDD carriers (UL subframes
cannot be used for SI transmission) (steps 209 and 211) . This can be
considered for all SI-x transmissions asthe UL/DL configurations are
conveyed by means of SIBl. A l though particular subframes are described
(e.g., subframe #5) , it is contemplated that any predetermined subframe
can be utilized. [0046] Further, the process can assign the RV sequence ex
cluding MBSFN (e.g., multi-cast subframes) subframes in case of mixed
unicast/MBSFN sub-frames (steps 213 and 215) . For instance, this can be
considered only for SI-x, where x>2 as the unicast/MBSFN subframe
allocations is conveyed by means of SI-2. [0047] FIG. 3 shows another
process (Method 2 ) for implicit signaling of redundancy version
information. For example, in one embodiment, FDD subframes # 0 , 4 , 5 and
9 cannot be used for MBSFN. One starting point for the implicit mapping of
the redundancy versions is then to have mapping of the sub frame number to
the RV, which ensures that the transmission works well also in the case of
maximal or optimal MBSFN usage 



- i.e., all subframes except 0 , 4 , 5 and 9 are used for MBSFN (step 301)
. In TDD, the subframes that are not MBSFN can be different (e.g., 0 , 1 ,
5 , 6 ) . However, the principle would be the same: first map the optimal
RV sequence to DL subframes that are never MBSFN, and then map the optimal
RV sequence to the remaining subframes (step 303) . Addition ally, the RV
signaling module 117 can ensure that the RV sequences are mapped so that
the sequences are continuous over adjacent radio frames (step 305) . [0048]
A third approach (Method 3 ) , as shown in the process of FIG. 4 , process
combines the above Methods 1 and 2 , ac cording to an exemplary embodiment.
Specifically, the process assigns the optimal RV sequence of 02310231... to
subframes in an SI transmission window in the following way. The proc ess
of FIG. 4 allocates the RV sequence to the subframes that are guaranteed
not to be MBSFN/UL subframes within the SIwindow by first determining
whether the subframes are multi cast or uplink subframes (step 401) and
then whether the sub frames are within the SI windows (step 403) . If both
condi tions are met, the RV signaling module 117 allocations the RV
sequence to the subframes (step 405) . Next, the process al locates the RV
sequence to the remaining (e.g., non-UL -- i.e. DL) subframes within the SI
window (step 407) . [0049] FIG. 5 shows an optional procedure involving the
scheduling module 119 of FIG. 1 , according to an exemplary embodiment. In
one embodiment, the eNB 103 provides a sched uling functionality (via
scheduling module 119), which will keep track of the already transmitted
BCCH redundancy ver sions within the SI window. In step 501, the scheduling
mod ule 119 determines available control capacity. For example, 



determining available control capacity includes determining the number and
types of control channels 113 that are avail able to the scheduling module
119. The module 119 then tracks the RV sequences that have been transmitted
within the SI window (step 503) . Based on the available control capacity
and/or the tracked RV sequences, the scheduling module 119 can schedule
transmission of a BCCH to obtain an optimal RV sequence (step 505) . For
instance, the scheduling module 119 can elect to postpone (or advance) the
transmission of a BCCH for a few subframes to get the optimum RV sequence.
[0050] It is contemplated that the steps of the described processes of
FIGs. 2-5 may be performed in any suitable order or combined in any
suitable manner. [0051] For the purposes of illustration, the above Method
1 is explained with respect to an exemplary RV mapping (which is contrasted
to conventional approaches) . [0052] FIGs. 6A and 6B are diagrams,
respectively, of a con ventional redundancy version mapping scheme, and of
a redundancy version mapping scheme according to an exemplary em bodiment,
each scheme pertaining to an information message window length of, e.g., 15
ms . [0053] As shown, the number of subframes within the SI window is
denoted n s w , the RV for a possible BCCH transmission in subframe i , i =
0,l,...,n(tm) - 1 within the window is given by: RV,, = k mod4 , where 2 k
= /mod 4 , i = 0,1,..., n - 1 . [0054] In further optimizations the RV
sequences are assigned in the same way with the exception that the number
of 



subframes within the window n s w does not include subframes #5 in
even-numbered radio frames (i.e., when SFNmod2 = 0 ) and/or UL subframes
within the window so i = 0,l,...,n - 1 and conse quently an RV only exists
for subframes other than #5 (in even-numbered radio frames) and/or for
non-UL subframes, this is illustrated in FIGs. 7A and 7B for FDD and in
FIGs. 8A and 8B for TDD. [0055] Regarding Method 2 (FIG. 3), the process
for the map ping of RV values to subframes can then be formulated as
follows. The RV values are mapped in optimal order to the sub frames that
are guaranteed to be non-MBSFN: RVs 0,2,3,1 -> (are mapped to subframes # )
0,4,5,9. Also, the process pro vides optimal RV sequences in remaining
subframes. Further, the optimal RV sequences are made continuous over
adjacent radio frames. The process results in an RV to subframe map ping,
as shown in Table 2 .Table 2 [0056] A s for Method 3 (FIG. 4), the number
of DL subframes that are guaranteed to be non-MBSFN subframes (assuming a
maximum MBSFN allocation) within the SI window is denoted as n
non-MBSFN,non-uL where the R V for a possible BCCH transmission in subframe
i (DL subframe that is guaranteed to be non-MBSFN) , i= 0X...,ns non MBSFN
non UL - 1 within the window is given by: R V , = mod 4 , where k = /mod 4
, z'= 0,1,.. .,M non-MBSFN ,non-UL - 1 . 



[0057] The number of remaining DL subframes (not assigned an RV in the
previous step) within the window is denoted as n temam . R for a poss BCCH
transmission in these sub frames in the SI window is given by: R V1 = mod 4
, where [0058] As mentioned, the described processes may be imple mented in
any number of radio networks. [0059] The approaches of FIGs. 6B, 7B, and 8B
provide, ac cording to certain embodiments, a number of advantages overthe
approaches of FIGs. 6A, 7A, and 7B. Under Method 1 , the optimal RV
sequence is ensured at the beginning of an SI win dow. This is especially
important in case of consecutive BCCH scheduling and/or in case of multiple
retransmissions within short SI windows; the optimal RVs will either reduce
the Signal-to-Noise (SNR) required t o correctly receive the BCCH or enable
quicker BCCH acquisition and UE 101 battery saving. Also, probabilities of
occurrence of different RVs within a window are equalized; this is
especially important for sparse BCCH scheduling. Further, the order
(0231...) of the optimal RVS is not disturbed. Method 1 also allows two
types of implementation: on-the-fly RV calculation according to the above
equations or via a stored look-up table linking the subframe numbers within
a window with the RVs; it is contemplated that other embodiments are
possible. [0060] According t o certain embodiments, the process of FIG. 3
(Method 2 ) likewise provides a number of advantages. The approach
advantageously can provide a very simple mapping from the subframe number t
o the RV, which is independent of the system frame number (SFN) . Such an
approach can also en 



able two strategies for sending the system information: m in i mum time
(consecutive) and time diversity (sparse) . In the exemplary case in which
subframe #5 (in even radio frames) is reserved for SIBl and cannot b e used
for other information blocks, Method 2 can compensate for b y having a
transmit op portunity for RV=3 three times in each system frame. [0061]
Moreover, certain embodiments of Method 3 can provide the following
advantages. The optimal RVS is ensured at the beginning of an SI window. In
addition, the RVS is ensured to support the maximum MBSFN allocation.
[0062] The processes for implicit signaling of redundancy information can b
e performed over a variety of networks; twoexemplary systems are described
with respect to FIGs. 9 and 10. [0063] FIGs. 9A and 9B are diagrams of an
exemplary WiMAX architecture, in which the system of FIG. 1 , according to
various exemplary embodiments of the invention. The archi tecture shown in
FIGs. 9A and 9B can support fixed, nomadic, and mobile deployments and be
based on an Internet Protocol (IP) service model. Subscriber or mobile
stations 901 can communicate with an access service network (ASN) 903,
which includes one or more base stations (BS) 905. In this exem plary
system, the BS 905, in addition to providing the air interface to the
mobile stations 901, possesses such manage ment functions as handoff
triggering and tunnel establish ment, radio resource management, quality of
service (QoS) policy enforcement, traffic classification, DHCP (Dynamic
Host Control Protocol) proxy, key management, session manage ment, and
multicast group management. [0064] The base station 905 has connectivity to
an access 



network 907. The access network 907 utilizes an ASN gateway 909 to access a
connectivity service network (CSN) 911 over, for example, a data network
913. By way of example, the net work 913 can be a public data network, such
as the global Internet . [0065] The ASN gateway 909 provides a Layer 2
traffic aggregation point within the ASN 903. The ASN gateway 909 can ad
ditionally provide intra-ASN location management and paging, radio resource
management and admission control, caching of subscriber profiles and
encryption keys, AAA client function ality, establishment and management of
mobility tunnel with base stations, QoS and policy enforcement, foreign
agent functionality for mobile IP, and routing to the selected CSN
911.[0066] The CSN 911 interfaces with various systems, such as application
service provider (ASP) 915, a public switched telephone network (PSTN) 917,
and a Third Generation Partnership Project (3GPP) /3GPP2 system 919, and
enterprise networks (not shown) . [0067] The CSN 911 can include the
following components: Ac cess, Authorization and Accounting system (AAA)
921, a mobile IP-Home Agent (MIP-HA) 923, an operation support system (OSS)
/business support system (BSS) 925, and a gateway 927. The AAA system 921,
which can be implemented as one or more servers, provide support
authentication for the devices, us ers, and specific services. The CSN 911
also provides per user policy management of QoS and security, as well as IP
ad dress management, support for roaming between different network service
providers (NSPs) , location management among ASNs. 



[0068] FIG. 9B shows a reference architecture that defines interfaces
(i.e., reference points) between functional enti ties capable of supporting
various embodiments of the invention. The WiMAX network reference model
defines reference points: Rl, R2, R3, R4, and R5 . R l is defined between
the SS/MS 901 and the ASN 903a; this interface, in addition to the air
interface, includes protocols in the management plane. R2 is provided
between the SS/MS 901 and a CSN (e.g., CSN 911a and 911b) for
authentication, service authorization, IP configuration, and mobility
management. The ASN 903a and CSN 911a communicate over R3, which supports
policy enforce ment and mobility management. [0069] R4 is defined between
ASNs 903a and 903b to support inter-ASN mobility. R5 is defined to support
roaming across multiple NSPs (e.g., visited NSP 929a and home NSP
929b).[0070] As mentioned, other wireless systems can be utilized, such as
3GPP LTE, as next explained. [0071] FIGs. 10A-10D are diagrams of
communication systems having exemplary long-term evolution (LTE)
architectures, in which the user equipment (UE) and the base station of
FIG. 1 can operate, according to various exemplary embodiments of the
invention. By way of example (shown in FIG. 10A), a base station (e.g.,
destination node) and a user equipment (UE) (e.g., source node) can
communicate in system 1000 using any access scheme, such as Time Division
Multiple Access (TDMA), Code Division Multiple Access (CDMA) , Wideband
Code Division Multiple Access (WCDMA) , Orthogonal Frequency Division
Multiple Access (OFDMA) or Single Carrier Frequency Division Multiple
Access (FDMA) (SC-FDMA) or a combination of thereof. In an exemplary
embodiment, both uplink and downlink can 



utilize WCDMA. In another exemplary embodiment, uplink utilizes SC-FDMA,
while downlink utilizes OFDMA. [0072] The communication system 1000 is
compliant with 3GPP LTE, entitled "Long Term Evolution of the 3GPP Radio
Technology" (which is incorporated herein by reference in its entirety) . A
s shown in FIG. 1OA, one or more user equipment (UEs) communicate with a
network equipment, such as a base station 103, which is part of an access
network (e.g., WiMAX (Worldwide Interoperability for Microwave Access) ,
3GPP LTE (or E-UTRAN), etc.). Under the 3GPP LTE architecture, base station
103 is denoted as an enhanced Node B (eNB) . [0073] MME (Mobile Management
Entity) /Serving Gateways 1001 are connected to the eNBs 103 in a full or
partial mesh con figuration using tunneling over a packet transport network
(e.g., Internet Protocol (IP) network) 1003. Exemplary func tions of the
MME/Serving GW 1001 include distribution of pag ing messages to the eNBs
103, termination of U-plane packets for paging reasons, and switching of
U-plane for support ofUE mobility. Since the GWs 1001 serve as a gateway to
exter nal networks, e.g., the Internet or private networks 1003, the GWs
1001 include an Access, Authorization and Accounting system (AAA) 1005 to
securely determine the identity and privileges of a user and to track each
user's activities. Namely, the MME Serving Gateway 1001 is the key
control-node for the LTE access-network and is responsible for idle mode UE
tracking and paging procedure including retransmissions. Also, the MME 1001
is involved in the bearer activation/ deactivation process and is
responsible for selecting the SGW (Serving Gateway) for a UE at the initial
attach and at time of intra-LTE handover involving Core Network (CN) 



node relocation. [0074] A more detailed description of the LTE interface is
provided in 3GPP TR 25.813, entitled "E-UTRA and E-UTRAN: Radio Interface
Protocol Aspects," which is incorporated herein by reference in its
entirety. [0075] In FIG. 1OB, a communication system 1002 supports GERAN
(GSM/EDGE radio access) 1004, and UTRAN 1006 based access networks, E-UTRAN
1012 and non-3GPP (not shown) based access networks, and is more fully
described in TR 23.882, which is incorporated herein by reference in its
entirety. A key feature of this system is the separation of the network
entity that performs control-plane functionality (MME 1008) from the
network entity that performs bearer-plane function ality (Serving Gateway
1010) with a well defined open inter face between them SIl. Since E-UTRAN
1012 provides higher bandwidths to enable new services as well as to
improve ex isting ones, separation of MME 1008 from Serving Gateway 1010
implies that Serving Gateway 1010 can be based on a platform optimized for
signaling transactions. This scheme enables selection of more
cost-effective platforms for, as well as independent scaling of, each of
these two elements. Serviceproviders can also select optimized topological
locations of Serving Gateways 1010 within the network independent of the
locations of MMEs 1008 in order to reduce optimized bandwidth latencies and
avoid concentrated points of failure. [0076] As seen in FIG. 1OB, the
E-UTRAN (e.g., eNB) 1012 in terfaces with UE 101 via LTE-Uu. The E-UTRAN
1012 supports LTE air interface and includes functions for radio resource
control (RRC) functionality corresponding to the control plane MME 1008.
The E-UTRAN 1012 also performs a variety of 



functions including radio resource management, admission con trol,
scheduling, enforcement of negotiated uplink (UL) QoS (Quality of Service)
, cell information broadcast, cipher ing/deciphering of user,
compression/decompression of downlink and uplink user plane packet headers
and Packet Data Convergence Protocol (PDCP) . [0077] The MME 1008, as a key
control node, is responsible for managing mobility UE identifies and
security parameters and paging procedure including retransmissions. The MME
1008 is involved in the bearer activation/deactivation process and is also
responsible for choosing Serving Gateway 1010 for the UE 101. MME 1008
functions include Non Access Stratum (NAS) signaling and related security.
MME 1008 checks the authori zation of the UE 101 to camp on the service
provider's Public Land Mobile Network (PLMN) and enforces UE 101 roaming
restrictions. The MME 1008 also provides the control plane function for
mobility between LTE and 2G/3G access networks with the S3 interface
terminating at the MME 1008 from the SGSN (Serving GPRS Support Node) 1014.
[0078] The SGSN 1014 is responsible for the delivery of data packets from
and to the mobile stations within its geographical service area. Its tasks
include packet routing and transfer, mobility management, logical link
management, and authentication and charging functions. The S6a
interfaceenables transfer of subscription and authentication data for
authenticating/authorizing user access to the evolved system (AAA
interface) between MME 1008 and HSS (Home Subscriber Server) 1016. The SlO
interface between MMEs 1008 provides MME relocation and MME 1008 to MME
1008 information transfer. The Serving Gateway 1010 is the node that
terminates the in 



terface towards the E-UTRAN 1012 via Sl-U. [0079] The Sl-U interface
provides a per bearer user plane tunneling between the E-UTRAN 1012 and
Serving Gateway 1010. It contains support for path switching during
handover be tween eNBs 103. The S4 interface provides the user plane with
related control and mobility support between SGSN 1014 and the 3GPP Anchor
function of Serving Gateway 1010. [0080] The S12 is an interface between
UTRAN 1006 and Serving Gateway 1010. Packet Data Network (PDN) Gateway 1018
provides connectivity to the UE 101 to external packet data networks by
being the point of exit and entry of traffic for the UE 101. The PDN
Gateway 1018 performs policy enforce ment, packet filtering for each user,
charging support, lawful interception and packet screening. Another role of
the PDN Gateway 1018 is to act as the anchor for mobility between 3GPP and
non-3GPP technologies such as WiMax and 3GPP2 (CDMA IX and EvDO (Evolution
Data Only) ) . [0081] The S7 interface provides transfer of QoS policy and
charging rules from PCRF (Policy and Charging Role Function) 1020 to Policy
and Charging Enforcement Function (PCEF) in the PDN Gateway 1018. The SGi
interface is the interface be tween the PDN Gateway and the operator' s IP
services includ ing packet data network 1022. Packet data network 1022 may
be an operator external public or private packet data network or an intra
operator packet data network, e.g., for provision of IMS (IP Multimedia
Subsystem) services. Rx+ is the interface between the PCRF and the packet
data network 1022.[0082] As seen in FIG. 1OC, t eNB 103 utilizes an E-UTRA
(Evolved Universal Terrestrial Radio Access) (user plane, e.g., RLC (Radio
Link Control) 1015, MAC (Media Access Con 



trol) 1017, and PHY (Physical) 1019, as well as a control plane (e.g., RRC
1021)). The eNB 103 also includes the fol lowing functions: Inter Cell RRM
(Radio Resource Management) 1023, Connection Mobility Control 1025, RB
(Radio Bearer) Control 1027, Radio Admission Control 1029, eNB Measurement
Configuration and Provision 1031, and Dynamic Resource AlIocation
(Scheduler) 1033. [0083] The eNB 103 communicates with the aGW 1001 (Access
Gateway) via an Sl interface. The aGW 1001 includes a User Plane 1001a and
a Control plane 1001b. The control plane 1001b provides the following
components: SAE (System Architecture Evolution) Bearer Control 1035 and MM
(Mobile Manage ment) Entity 1037. The user plane 1001b includes a PDCP
(Packet Data Convergence Protocol) 1039 and a user plane functions 1041. It
is noted that the functionality of the aGW 1001 can also be provided by a
combination of a serving gateway (SGW) and a packet data network (PDN) GW.
The aGW 1001 can also interface with a packet network, such as the Internet
1043. [0084] In an alternative embodiment, as shown in FIG. 10D, the PDCP
(Packet Data Convergence Protocol) functionality can reside in the eNB 103
rather than the GW 1001. Other than this PDCP capability, the eNB functions
of FIG. 1OC are also provided in this architecture. [0085] In the system of
FIG. 10D, a functional split between E-UTRAN and EPC (Evolved Packet Core)
is provided. In this example, radio protocol architecture of E-UTRAN is
provided for the user plane and the control plane. A more detailed
description of the architecture is provided in 3GPP TS 



86.300.[0086] The eNB 103 interfaces via the Sl to the Serving Gateway
1045, which includes a Mobility Anchoring function 1047. According to this
architecture, the MME (Mobility Man agement Entity) 1049 provides SAE
(System Architecture Evolution) Bearer Control 1051, Idle State Mobility
Handling 1053, and NAS (Non-Access Stratum) Security 1055. [0087] One of
ordinary skill in the art would recognize that the processes for implicitly
signaling redundancy version in formation (or parameter) may be implemented
via software, hardware (e.g., general processor, Digital Signal Processing
(DSP) chip, an Application Specific Integrated Circuit (ASIC), Field
Programmable Gate Arrays (FPGAs), etc.), firm ware, or a combination
thereof. Such exemplary hardware for performing the described functions is
detailed below. [0088] FIG. 11 illustrates exemplary hardware upon which
various embodiments of the invention can be implemented. A computing system
1100 includes a bus 1101 or other communica tion mechanism for
communicating information and a processor 1103 coupled to the bus 1101 for
processing information. The computing system 1100 also includes main memory
1105, such as a random access memory (RAM) or other dynamic storage device,
coupled to the bus 1101 for storing information and instruc tions to be
executed by the processor 1103. Main memory 1105 can also be used for
storing temporary variables or other intermediate information during
execution of instructions by the processor 1103. The computing system 1100
may further include a read only memory (ROM) 1107 or other static storage
device coupled to the bus 1101 for storing static information and
instructions for the processor 1103. A storage device 



1109, such as a magnetic disk or optical disk, is coupled to the bus 1101
for persistently storing information and in structions .[0089] The
computing system 1100 may be coupled via the bus 1101 to a display 1111,
such as a liquid crystal display, or active matrix display, for displaying
information to a user. An input device 1113, such as a keyboard including
alphanumeric and other keys, may be coupled to the bus 1101 for com
municating information and command selections to the proces sor 1103. The
input device 1113 can include a cursor con trol, such as a mouse, a
trackball, or cursor direction keys, for communicating direction
information and command selections to the processor 1103 and for
controlling cursor move ment on the display 1111. [0090] According to
various embodiments of the invention, the processes described herein can be
provided by the comput ing system 1100 in response to the processor 1103
executing an arrangement of instructions contained in main memory 1105.
Such instructions can be read into main memory 1105 from an other
computer-readable medium, such as the storage device 1109. Execution of the
arrangement of instructions contained in main memory 1105 causes the
processor 1103 to perform the process steps described herein. One or more
processors in a multi-processing arrangement may also be employed to
execute the instructions contained in main memory 1105. In alterna tive
embodiments, hard-wired circuitry may be used in place of or in combination
with software instructions to implement the embodiment of the invention. In
another example, reconfigurable hardware such as Field Programmable Gate
Arrays (FPGAs) can be used, in which the functionality and connec 



tion topology of its logic gates are customizable at run time, typically by
programming memory look up tables. Thus, embodiments of the invention are
not limited to any specific combination of hardware circuitry and software.
[0091] The computing system 1100 also includes at least one communication
interface 1115 coupled to bus 1101. The communication interface 1115
provides a two-way data communication coupling to a network link (not
shown) . The communication interface 1115 sends and receives electrical,
electromag netic, or optical signals that carry digital data streams
representing various types of information. Further, the com munication
interface 1115 can include peripheral interface devices, such as a
Universal Serial Bus (USB) interface, a PCMCIA (Personal Computer Memory
Card International Associa tion) interface, etc. [0092] The processor 1103
may execute the transmitted code while being received and/or store the code
in the storage de vice 1109, or other non-volatile storage for later
execution. In this manner, the computing system 1100 may obtain app lica
tion code in the form of a carrier wave. [0093] The term "computer-readable
medium" as used herein refers to any medium that participates in providing
instruc tions to the processor 1103 for execution. Such a medium may take
many forms, including but not limited to non-volatile media, volatile
media, and transmission media. Non-volatile media include, for example,
optical or magnetic disks, such as the storage device 1109. Volatile media
include dynamic memory, such as main memory 1105. Transmission media
include coaxial cables, copper wire and fiber optics, including the wires
that comprise the bus 1101. Transmission media can 



also take the form of acoustic, optical, or electromagnetic waves, such as
those generated during radio frequency (RF) and infrared (IR) data
communications. Common forms of com puter-readable media include, for
example, a floppy disk, a flexible disk, hard disk, magnetic tape, any
other magnetic medium, a CD-ROM, CDRW, DVD, any other optical medium, punch
cards, paper tape, optical mark sheets, any other physical medium with
patterns of holes or other optically recognizable indicia, a RAM, a PROM,
and EPROM, a FLASH-EPROM, any othermemory chip or cartridge, a carrier
wave, or any other medium from which a computer can read. [0094] Various
forms of computer-readable media may be in volved in providing instructions
to a processor for execution. For example, the instructions for carrying
out at least part of the invention may initially be borne on a mag netic
disk of a remote computer. In such a scenario, the re mote computer loads
the instructions into main memory and sends the instructions over a
telephone line using a modem. A modem of a local system receives the data
on the telephone line and uses an infrared transmitter to convert the data
to an infrared signal and transmit the infrared signal to a portable
computing device, such as a personal digital assis tant (PDA) or a laptop.
An infrared detector on the portable computing device receives the
information and instructions borne by the infrared signal and places the
data on a bus. The bus conveys the data to main memory, from which a proces
sor retrieves and executes the instructions. The instruc tions received by
main memory can optionally be stored on storage device either before or
after execution by processor. [0095] FIG. 12 is a diagram of exemplary
components of a 



user terminal configured to operate in the systems of FIGs. 5 and 6 ,
according to an embodiment of the invention. A user terminal 1200 includes
an antenna system 1201 (which can utilize multiple antennas) to receive and
transmit signals. The antenna system 1201 is coupled to radio circuitry
1203, which includes multiple transmitters 1205 and receivers 1207. The
radio circuitry encompasses all of the Radio Frequency (RF) circuitry as
well as base-band processing circuitry. A s shown, layer-1 (Ll) and layer-2
(L2) processing are provided by units 1209 and 1211, respectively.
Optionally, layer-3 functions can be provided (not shown) . L2 unit 1211
can in clude module 1213, which executes all Medium Access Control(MAC)
layer functions. A timing and calibration module 1215 maintains proper
timing by interfacing, for example, an ex ternal timing reference (not
shown) . Additionally, a proces sor 1217 is included. Under this scenario,
the user terminal 1200 communicates with a computing device 1219, which can
be a personal computer, work station, a Personal Digital Assis tant (PDA),
web appliance, cellular phone, etc. [0096] While the invention has been
described in connection with a number of embodiments and implementations,
the invention is not so limited but covers various obvious modifica tions
and equivalent arrangements, which fall within the pur view of the claims.
Although features of the invention are expressed in certain combinations
among the claims, it is contemplated that these features can be arranged in
any combination and order.CLAIMS 1 . A method comprising: detecting start
of a system information message transmis sion window; and 



assigning a redundancy version sequence at the start of the transmission
window. 2 . A method of claim 1 , wherein the assignment includes excluding
one or more predetermined subframes in evennumbered radio frames if the
subframes are within the transmission window. 3 . A method according to any
one of claims 1 and 2 , wherein the assignment includes excluding uplink
subframes. 4 . A method according to any one of claims 2 and 3 , fur ther
comprising: determining whether the subframes are a mixture of multi cast
subframes and unicast subframes, wherein the assignment includes excluding
the multi-cast subframes . 5 . A method according to any one of claims 2-4,
further comprising: mapping an optimal redundancy version sequence to
remain ing ones of the subframes. 6 . A method according to any one of
claims 2-5, wherein the subframes are a part of radio frames that utilize
either time division duplex (TDD) carriers or frequency division du plex
(FDD) carriers.7 . A method according to any one of claims 1-6, wherein the
assignment ensures the redundancy version sequence is continuous over
adjacent radio frames. 8 . A method according to any one of claims 1-7,
wherein the redundancy version sequence is calculated according to 3 RV = -
k mod4, where RVk is the redundancy version sequence, k = i mod 4 , i=
0,1,..., n - 1, and n denotes a number of subframes within the system
information message transmission 



window . 9 . A computer-readable storage medium carrying one or more
sequences of one or more instructions which, when exe cuted by one or more
processors, cause an apparatus to per form the method of any one of claims
1-8. 10. An apparatus comprising: a redundancy version signaling module
configured to detect start of a system information message transmission win
dow and to assign a redundancy version sequence at the start of the
transmission window. 11. An apparatus of claim 10, wherein the assignment
ineludes excluding one or more predetermined subframes in evennumbered
radio frames if the subframes are within the trans mission window. 12. An
apparatus according to any one of claims 10 and 11, wherein the assignment
includes excluding uplink subframes.13. An apparatus according any one
claims 11 and 12, wherein the redundancy version signaling module is
further configured to: determine whether the subframes are a mixture of
multicast subframes and unicast subframes, wherein the assignment includes
excluding the multi-cast subframes . 14. An apparatus according to any one
of claims 11-13, wherein the redundancy version signaling module is further
configured to: map an optimal redundancy version sequence to remaining ones
of the subframes. 15. An apparatus according to any one of claims 11-14,
wherein the subframes are a part of radio frames that utilize 



either time division duplex (TDD) carriers or frequency divi sion duplex
(FDD) carriers. 16. An apparatus according to any one of claims 11-15,
wherein the assignment ensures the redundancy version se quence is
continuous over adjacent radio frames. 17. An apparatus according to any
one of claims 10-16, wherein the redundancy version sequence is calculated
accord- 3 ing to RVk = - k mod4, where R V k is the redundancy version se-
2 quence, k = i mod 4 , i = 0,l,...,n(tm) - 1 , and nz denotes a number of
subframes within the system information message transmission window. 18. An
apparatus comprising:means for detecting start of a system information
message transmission window; and means for assigning a redundancy version
sequence at the start of the transmission window. 19. An apparatus of claim
18, wherein the assignment in cludes excluding one or more predetermined
subframes in evennumbered radio frames if the subframes are within the
trans mission window. 20. An apparatus according to any one of claims 18
and 19, wherein the assignment includes excluding uplink sub frames . 21.
An apparatus of any one of claims 19 and 20, further comprising : means for
determining whether the subframes are a mixture of multi-cast subframes and
unicast subframes, wherein the assignment includes excluding the multi-cast



subframes . 22. An apparatus of any one of claims 19-21, further com
prising: means for mapping an optimal redundancy version sequence to
remaining ones of the subframes. 23. An apparatus of any one of claims
19-22, wherein the subframes are a part of radio frames that utilize either
time division duplex (TDD) carriers or frequency division duplex (FDD)
carriers.24. An apparatus according to any one of claims 19-23, wherein the
assignment ensures the redundancy version se quence is continuous over
adjacent radio frames. 25. An apparatus according to any one of claims
18-24, wherein the redundancy version sequence is calculated accord- 3 ing
to RV, = - k mod4, where RVk is the redundancy version se quence, k = i mod
4 , i= 0,1,..., n - 1, and n denotes a number of subframes within the
system information message transmission window . 26. A method comprising:
assigning a redundancy version sequence at a start of a system information
message transmission window by allo cating the redundancy version sequence
to non-multicast subframes within the system information message
transmission window and to remaining subframes within the system
information message transmission window. 27. A method of claim 26, wherein
the remaining subframes include downlink subframes. 28. A method according
to any of claims 2 6 and 27, wherein the redundancy version sequence is
calculated dynami 



cally or retrieved from a look-up table. 29. A method of according to any
of claims 26-28, further comprising: determining available control
capacity; tracking the redundancy version sequence with the system
information message transmission window; andscheduling transmission of a
broadcast control channel signal based on the available control capacity to
obtain an optimal redundancy version sequence. 30. A method of claim 29,
wherein the optimal redundancy version sequence is obtained at the start of
the system in formation message transmission window, and wherein the redun
dancy version sequence is calculated according to 3 RV = - k mod4, where
RVk is the redundancy version sequence, k = i mod 4 , i= 0,1,..., n - 1,
and n denotes a number of subframes within the system information message
transmission window . 31. A method according to any one of claims 29 and
30, wherein the optimal redundancy version sequence either re duces
a-signal-to-noise ratio, enables quicker acquisition of the broadcast
control channel signal, reduces power consump tion, or a combination
thereof. 32 . A computer-readable storage medium carrying on or more
sequences of one or more instructions which, when exe cuted by one or more
processors, cause an apparatus to perform the method of claims 26-31. 33.
An apparatus comprising: a redundancy version signaling module configured
to assign a redundancy version sequence at a start of a system in formation
message transmission window by allocating the 



redundancy version sequence to non-multicast subframes within the system
information message transmission win dow and to remaining subframes within
the system infor mation message transmission window.34. An apparatus of
claim 33, wherein the remaining subframes include downlink subframes. 35.
An apparatus according to any one of claims 33 and 34, wherein the
redundancy version sequence is calculated dynamically or retrieved from a
look-up table. 36. An apparatus according to any one of claims 33-35,
wherein the redundancy version signaling module is further configured to:
determine available control capacity; track the redundancy version sequence
with the system in formation message transmission window; and schedule
transmission of a broadcast control channel sig nal based on the available
control capacity to obtain an optimal redundancy version sequence. 37. An
apparatus of claim 36, wherein the optimal redun dancy version sequence is
obtained at the start of the system information message transmission
window, and wherein the re dundancy version sequence is calculated
according to 3 RV = - k mod4, where RVk is the redundancy version sequence,
k = i mod 4 , i= 0,1,..., n - 1, and ns denotes a number of subframes
within the system information message transmission window . 38. An
apparatus according to any one of claims 3 6 and 37, wherein the optimal
redundancy version sequence either reduces a-signal-to-noise ratio, enables
quicker acquisition 



of the broadcast control channel signal, reduces power con sumption, or a
combination thereof.39. An apparatus comprising: means for assigning a
redundancy version sequence at a start of a system information message
transmission win dow by allocating the redundancy version sequence to
non-multicast subframes within the system information message transmission
window and to remaining subframes within the system information message
transmission win dow. 40. An apparatus of claim 39, wherein the remaining
subframes include downlink subframes. 41. An apparatus according to any one
of claims 39 and 40, wherein the redundancy version sequence is calculated
ac- 3 cording to RV1 = - k mod4, where RVk is the redundancy version
sequence, k = i mod 4 , i= 0,1,..., - 1, and ns w denotes a number of
subframes within the system information message transmis sion window, or
wherein the redundancy version sequence is retrieved from a look-up table.
42. An apparatus according to any of claims 39-41, fur ther comprising:
means for determining available control capacity; means for the transmitted
redundancy version sequence with the system information message
transmission window; and means for scheduling transmission of a broadcast
control channel signal based on the available control capacity to obtain an
optimal redundancy version sequence. 43. An apparatus of claim 42, wherein
the optimal redun 



dancy version sequence is obtained at the start of the system information
message transmission window, and wherein the reO O dundancy version
sequence is calculated according to 3 R V 1, = - k mod4, where R V k is the
redundancy version sequence, k = i mod 4 , i = 0,l,...,n(tm) - 1 , and n s
denotes a number of subframes within the system information message
transmission window. 44. An apparatus of according to anyone of claims 42
and 43, wherein the optimal redundancy version sequence either reduces
a-signal-to-noise ratio, enables quicker acquisition of the broadcast
control channel signal, reduces power consumption, or a combination
thereof. 


