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station site. Each cell is identified by an identity within the local radio area, which is

he yadig base station equipment at a base

broadcast in the cell. The base stations communicate over the air interface operating on

radio frequencies with the user equipment units (UE) within range of the base stations.

In some versions of the radio access network, several base stations are typically

25  connected (e.g., by landlines or microwave) to a controller node (such as a radio
network controller (RNC) or a base station controller (BSC)) which supervises and
coordinates various activities of the plural base stations connected thereto. The radio

network controllers are typically connected to one or more core networks.
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station nodes are connected to a core network (via Serving Gateways, or SGWs) rather
than to radio network controller (RNC) nodes. In general, in LTE the functions of a
15 radio network controller (RNC) node are distributed between the radio base stations
nodes (eNodeBs in LTE) and SGWs. As such, the radio access network (RAN) of an
LTE system has an essentially “flat” architecture comprising radio base station nodes

without reporting to radio network controller (RNC) nodes.

Cellular Circuit-Switched (CS) telephony was introduced in the first

20  generation of mobile networks. Since then CS telephony has become the largest
service in the world with approximately 4 billion subscriptions sold. Even today, the

main part of the mobile operator’s revenue comes from the CS telephony service
(including Short Message Services (SMS)), and the 2G GSM networks still dominate

the world in terms of subscriptions. 3G subscriptions are increasing in volume, but that

25  increase is less in part because of users with handheld mobile terminals migrating from
2G to 3G and more as a result of mobile broadband implemented via dongles or

embedded chipsets in laptops.

The long-term evolution (LTE) project within 3GPP aims to further
improve the 3G standard to, among other things, provide even better mobile broadband

30  to the end-users (higher throughput, lower round-trip-times, etc.).

A common view in the telecommunication industry is that the future
networks will be all-IP networks. Based on this assumption, the CS domain in was
removed in the LTE work. As a result, the telephony service cannot be used by a 3GPP

Release 8 compliant LTE terminal, unless one of the following four things is done:



i nt er wor ki ng. Al'l of these four possibilities have drawbacks. In
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such as a 3GDlanqplngﬁgle -conpliant LTE termnal. In that further solution,
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PCT/ SE2007H00Q858, Inpicilant & progitRorasied Jer e nvew)rheioaneth HITNIPEMN
exanpl e i npl ementation of such an ADM solution a wireless term nal

si mul t aneousl yntéla‘fﬁﬁ]ﬂﬁgcat es with two TDVA- based radi o systens, e.g., the
wirel ess term nal can maintain conmunications paths to both systens by
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| egacy CSléor éfrogn@ terminal using Circuit Sw1tched Fallback (CSFB) are put on hold or are
terminated. If the GSM network has DTM, the PS performance will be greatly reduced
(from 10’s of Mbps to 10’s to 100’s of kbps). One drawback with the CS fallback
approach is that when calling or being called and the terminal is falling back to GSM
and the CS service from LTE. Circuit Switched Fallback (CSFB) also prolongs call

20  set-up time.

The IMS/MMTel approach uses a completely new core/service layer that is IMS
based. This provides new possibilities to enhance the service but also comes with the
drawback of a financial hurdle for the operator to overcome. A new core network
drives capital expenditures (CAPEX), and integration of that core network drives an

25  initial operating expenditures (OPEX) increase. Further, the IMS/MMTel approach
needs features implemented in the terminals and the legacy CS network in order to

handle voice handover to/from the 2G/3G CS telephony service.

Using UMA/GAN over LTE is not a standardized solution so a drawback is that

it is a proprietary solution which may make terminal availability a problem. It also



20depl oyed GSM network for the tel ephony service to reduce costs but still
mai ntai n good coverage for the tel ephony service. This further or ADM
sol ut i on wayoh@739pl emented in several ways. A first ex&opliB2010/055888

i npl enentation, illustrated in Fig. 1A is a fully UE centric solution
where no coordination is needed between the GSM CS core and a LTE PS core.
A second 25 exanple inplenentation, illustrated by Fig. 1B, is a network
assi sted solution which can either be based on circuit switched fall back
(CSFB), or a solution that only reuses paging over LTE. Froma radio
perspective, the solution can be realized in any of three different ways:
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after havi ng sepportede burst, the Rx/Tx part sleeps for 7*0.577 ns until it
wakes up again and do a new Rx/Tx process. In this second exanple this tine
gap could be used for LTE transm ssi ons. As a third exanple radio
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implementation of such an ADM solution a wireless terminal simultaneously

communicates with two TDMA-based radio systems, e.g., the wireless terminal can

maintain communications paths to both systems by means of alternating in time its

15 communication between the two systems. The toggling between the two systems is on
a time scale small enough to effectively yield a simultaneous communication between

the two systems.

This further solution attempts to achieve a good PS connection in parallel with
the telephony service when in LTE coverage but still reusing the legacy CS core and
20  deployed GSM network for the telephony service to reduce costs but still maintain

good coverage for the telephony service.

This further or ADM solution may be implemented in several ways. A first
example implementation, illustrated in Fig. 1A, is a fully UE centric solution where no
coordination is needed between the GSM CS core and a LTE PS core. A second

25  example implementation, illustrated by Fig. 1B, is a network assisted solution which
can either be based on circuit switched fallback (CSFB), or a solution that only reuses

paging over LTE.

From a radio perspective, the solution can be realized in any of three different
ways: As a first example radio realized embodiment illustrated in Fig. 2A, the LTE
30  transmissions could be multiplexed with the GSM transmissions on a GSM TDMA

frame level. This first example solution requires that the GSM CS telephony service



15 long. Atraffic nulti-franme includes 26 TDVA franes and is 120 nsec
long. In GSM full rate, 24 out of 26 TDVA franes are used for voice traffic
t ranspor twoana/i7394ased for control (TDVA frame 12) and ec@/1B2100issesd ( TDVA
frame 25). PCT/ SE2007/ 000029 and PCT/ SE2007/ 000358 descri be exchange
of data between a single termnal and nultiple networks, and di scl oses use
of a scheduling map 20 that is sent to at | east one of the networks to

i nform which transm ssion tinme intervals tdhat can be used for data

transm ssion to/fromthis network. However such docunent(s) do(es) not
address the specific problens of using a scheduling map in Long Term

Evol ution (LTE) devel oped for the interl|l eaving of LTE transm ssions in
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Long Term Evolution (LTE) developed for the interleaving of LTE transmissions in

between Global System for Mobile communication (GSM) voice transmissions.

25 Fig. 4 illustrates aspects of Long Term Evolution (LTE) uplink (UL)
scheduling. When a packet is to be sent, the UE transmits a scheduling request (SR).
A minimum of 4 msec later (or longer due to a variable scheduling delay), the eNodeB
transmits a grant (G). Then (4 ms [a fixed value] later) the data is transported. If the
data is not received properly, a NACK (N) is sent 4 msec after the data transmission
30  attempt. This triggers a retransmission (R) which again happens 4 ms later. In the
example shown in Fig. 4, this transmission is successful and thus an ACK (A) is sent 4

ms later. Hence, in the LTE UL transmissions, there is a fixed timing between grants,



25 over the radio interface. The communi cations handler is configured to
operate in accordance with the scheduling map for processing the

i nt er| eaws0 2011136 Ssi ons. The schedul i ng nap gener at or PC3/IBEN6/HFF8s8%ed t O
generate the schedul i ng map. I n exanpl e enbodi nents wherein the
scheduling map is generated by a radi o access network node, an exanple

i npl emrentati on of such node conprises a 30 conmunications interface and a
schedul i ng map generator. The communications interface is configured to
facilitate the interleaved transm ssions over the radio interface. The
schedul ing map generator is configured to generate the scheduling map. 8
Although herein often referenced nerely in the singular as a "scheduling
map", it will gEsmisHewe it A ar@aeﬁaWI%SP@Sex\é(Hﬁr arRipBS di sRbRdWing 8 hodes
descri bed her ehdic Gan lﬁmbleﬁipais scoppesdatitig tlasd creith ading athe ixletl i tmtling echénnal
schedul i ng, e(ﬁgﬂ19§£ Qg and apparatus for preparing both an uplink (UL)
schedul i ng map an ?? ownlink (DL) scheduling map. The uplink (UL)
scheduling map is conflgured to prescribe tinme intervals in which the

wirel ess term nal %ﬁs §&1@ﬂ)piﬂ%fzp§dl’§@ddli%§ nlldﬂ) éaﬁ%etﬁ%@d]éﬁatﬁzswﬁ’é’ﬁ ihicABavinY &KNAl S

across the_radio |n the d I S u figured
o proscr Be Clat RHEGFOLTS oS L B RS GISRIS SLoD B e i Pt e
infornmation i rnhd_s'EEedLrhaga;rmpszslildxe detinel, dettenivalk shd keogth bhéhersaldidolingnep fage.
10An exanpl e t
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| engt h whi ch itk ¢heAWipg 51ag- of sixty or one hundred twenty transmission time
intervals of the Long Term Evolution (LTE) network, e.g., 60/120-multiple
TTlI length Scﬁﬁﬂﬁ i map. In some exanple embodi ment s t he 60/ 120-nmul ti pl e
TTI length schedul'rng map is 15 generated by a wireless termnal In other

embodi meny§ the 60/ 120Tﬁ@!eklﬁrfb£(fgﬁ lds&’i‘ﬁérgm%%%ﬁw %{fﬁgelﬂ?&e{}%d%ﬁ@%ﬁ&%trﬁgs by a

node of a radlo access networ over contro n exanpl e
embodi ment  andOhBIETANE (e of e@ﬂ%eeo%gﬁcfﬁﬁelagoeéwhemekow%eheeraﬁ%eseﬁwa&l% us
and net hod fomytigpang r(@[iM)B@h@l@(bﬂﬂhd’ﬂl@ fbﬂmllusdtmg fevenrey ufﬂi’iaﬁoﬁ)f(e%Q use of

vari abl es or %akgtrqgtlon ’?im% 1ntgrvals?tonyr ge'tw!cerr]lp(ﬁ%fe rITrllﬁD Eaﬁlaea%kes? (%e % (L)Jlo ngi;twoﬁx)s The
vari abl es or parane érs us rat

schedul i ng mapné @articnletlyde at Ip@lgoTernbEeoleiflort HeTE)omelt‘@Wkr@d q ﬂobeh Spterg for
delt ay Eet ween NGRS %gﬁuﬁaa%@qspﬁ)ern\ém{&k of mh@orh@n&alelemeﬁmhuﬁdnw thd TE)
net Wor an a (0] a ra | C . .MU

o ed s rsehethhing B ormrars. raf caheis bR Gt Rdeacd it Hslesaam

transmt oper at¢rimoml twdhich Iiaﬂh”—mpaeefsen\aecass divisiom aulBpMx medeiwenahpedifferiog rddio a

LTE transmit %Pc?ersﬂ{ehﬁ’rﬂﬂ e%) 1o E%fs@l H(SH?I%EMEﬁi%cgcflé?iruhﬁ?%g%l)cﬁ)params

transm ssi ons bot In a connun|cat|on acr oss
interface frofhd meﬂ%ldﬁélle’é@ alieel eaented iy aanewoRkl ok (¢-Br pNedvefi staf dhe

across theor aghdio hétesy th@mologgwatnabritd) e g\WHedl g Tt BYLuibn (I(HD) etv=M ti ne
del ay difference between uplink (UL) and downlink (DL) tinmeslots; 30 (5)
an indication whether a half rate or a full rate codec is used; (6) an

i ndi cati on whet her a dinadtxampleedmpndinentywhercia the schedilmg map seshaeied dyrthet ur e

is used; and (mele%@ térﬂfmaatﬂ Sinle WHRAEmEMBEr bmcﬁlw&eﬁég@%r&ﬁﬁe{mrﬂpﬁsésoa be
|nplenented (e , _either, a irst type. of tine t

od i ng
LTE transni ssiQ “Bé‘?ﬂ%rérinﬁ A 81°0 “8P3%01§é’68‘?118r f‘ % ”r%em?ﬁ %“i“§¥ ‘ﬁ
met hod of mapgdihngommnichamsmeshans chdtgnveeino TAMRaB54.g.amescavddiraemssieranpl e

enbodi mentg t Q@elmfﬂet Jaafonf?l%faggpeﬂfée&trnlﬁ&rn&gl%hg 'Bgn({fapisi (%nfi%ured to operate in
accordance with the scheduling map for processing the interleaved transmissions. The

scheduling map generator is configured to generate the scheduling map.

In example embodiments wherein the scheduling map is generated by a

radio access network node, an example implementation of such node comprises a

30 communications interface and a scheduling map generator. The communications
interface is configured to facilitate the interleaved transmissions over the radio

interface. The scheduling map generator is configured to generate the scheduling map.



generated by a wireless termnal. In other enbodinments the nulti-input
dependent scheduling map is generated by a node of a radi o access network
handover wormrial73ssede. | n accordance with an exanpl e enipoditrEno/ oAt node,
the technology 5 disclosed herein further concerns an adaptively
regener abl e scheduling map, e.g., nethod and apparatus for regenerating at
| east a portion of the scheduling map when there is change of the one or
nore input variables or paranmeters. In sorge exanpl e enbodi nents the
adaptively regenerabl e scheduling map is generated by a wireless termnal.
I n other enbodi nents the adaptively regenerable scheduling map is
10generated by a node of a radio access network handover control node.

An exanpl e enbodi nent AHBeuEBdETE oftererafaensse ngsly di sha YaBdpre eisphedgider ns
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scheduling map is generated by a node of a radio access network handover control

node.

An example embodiment and mode of the technology disclosed herein

concerns apparatus and method for preparing a scheduling map using two or more of

20  variables or parameters (¢.g., a multi-input dependent scheduling map). The variables
or parameters used to generate the multi-input dependent scheduling map can include

two or more of the following: (1) an offset delay between transmission time intervals

of the Long Term Evolution (LTE) network and a start of a GSM traffic multi-frame;

(2) a guard delay required by the wireless terminal hardware/software to move from a

25  GSM transmit operation to a LTE receive or from a GSM receive operation to a LTE
transmit operation; (3) a time slot number used for GSM voice transmissions both in an
uplink (UL) communication across the radio interface from the wireless terminal and a
downlink (DL) communication across the radio interface toward the wireless terminal;

(4) a GSM time delay difference between uplink (UL) and downlink (DL) timeslots;

30 (5) an indication whether a half rate or a full rate codec is used; (6) an indication
whether a dual receiver structure or a single receiver structure is used; and (7) an
indication of what type time division method is to be implemented (e.g., either a first

type of time division method of mapping LTE transmissions between time slots or a
second type of time division method of mapping LTE transmissions between TDMA

35  frames). In some example embodiments the multi-input dependent scheduling map is



Fig. 2A, Fig. 2B, and Fig. 2C are differing exanple radio-realized

enbodi nents illustrated of access division multiplexing (ADM sol utions,

wi th Fi g.wlAoB/gbmai ng an enbodi nent conprising a singl @CT/1B2010/055888
receiver/transmtter with GSM at half rate and nultiplexing on a TDVA frane
| evel ; Fig. 2B showi ng an enbodi nent conprising a single
receiver/transmtter with nmultiplexing on a burst period |level; and Fig. 2C
showi ng an enbodi ment conprising a dual receiver/single transmtter. Fig. 3
is a diagrammatic view of Long Term Evolution (LTE) uplink (UL)

10schedul i ng. Fig. 4 is a diagrammtic view of transm ssion in
time slots in dobal Systemfor Mbile conmunication é

Fig. 5is a disSBFaRtyi T Wik dapineli dg othsyj snghodugentss %W&lﬂ ipayt deprplent ng
in access di visehedolifg!hiap @b @shdigiedvbl ha Aodeedtt a @ddi@ abeng ndeork Exalouéd emtroL TE)
net wor k 15andace|| of a 2G (e.g., GSM network. Fig. 6is a
schematic view o? portions of a conmunication system conprising two radio
access technol ogy networks and in which a 60/120-nultiple TTlI Iength

scheduling map is uti Ilnz%ofdaﬁcemhhlaﬁal &éﬁ%let éxﬁB&dﬂn&%‘ zgfasmB@é Vtﬁ@'?ecﬁn&lbéﬁ' ess
t er m nal adthet netvv([%l(!}rﬁ1 Sg \ﬁﬁ sche g(ﬁl

i mpl enent a i orfisgos er§§Ps erCOﬁ?eén gn él?té“e E‘h‘v’@n%r dGPy L‘N%Bari

gener at ed by anathadedrelsgpphmtusi foategamaategse itasah byrttohe)felm sahedid migaolag whgl map
i s communi cat ggl. { rom, %é ?k ARSore® rrﬁh&%‘ m{n?[ @Jnm{;@@%% p%&ei%?sse%rﬁ@%é 9%@%9

6B is a schematic vie an | erren ion of the system o
wher ei n, r at hémbpdigienisnibe \jdprifvs retgél?%@h%%uscf@émn@atlﬁ ggnepfed @Mtq wreless

schedul i ng naperh@naa bas eothératmdedimichie wer@da@ﬁsdy efeftdedbld Relicdaling map is
conmuni caﬁgs cert ngara t rs whereb base st at Io? generat es or

deri ves i a no araglﬂta cegs Sectwgr U an over ontr
2011/ 073946PCT/ 182010/ 055888 11 schedul i ng map | S ut| lized for multiplexed

transni ssi ons between ﬁanﬁﬁb@Sé‘rnEd%ﬁrﬁérﬁadndarﬁgdet Bﬁtﬁfev‘{@c}ﬁl%ld@rdis%losed hereln
Fig. 7Ais a schematic vie

wher ei n the miPE§THn Wf%é%é?ﬁnh%%gﬁ%?gh%}%f u%%?éfﬁ@@%@ B0Pe ess
term nal 5and dessemirgad L VE tlesmeindion e@mauhttival mputticldthoeviddess tamivendl id torsgndrap
communi cat ed f a's@Mduling request on an uplink (UL) over the radio interface to the LTE network. In
15 an example implementation the method and apparatus are arranged whereby the
wireless terminal can use the scheduling map to determine when a LTE uplink (UL)
data transmission can occur depending on a timing of a grant from the LTE network.
In an example implementation the method and apparatus are arranged whereby the
scheduling map is used to determine when an ACK or NACK can be received from the
20 LTE network.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the invention
will be apparent from the following more particular description of preferred
embodiments as illustrated in the accompanying drawings in which reference characters

25  refer to the same parts throughout the various views. The drawings are not necessarily

to scale, emphasis instead being placed upon illustrating the principles of the invention.

Fig. 1A is a diagrammatic view illustrating a fully UE centric solution ADM
solution where no coordination is needed between a Global System for Mobile
Communication (GSM) circuit switched (CS) core and a Long Term Evolution (LTE)

30  packet switched (PS) core.

Fig. 1B is a diagrammatic view illustrating a network assisted access division
multiplexing (ADM) solution which can either be based on circuit switched (CS)



wireless termnal to at | east one base station. Fig. 7Bis a
schematic view of an inplenentation of the systemof Fig. 7 wherein the
mul ti-i npwo 2depesent scheduling nmap is generated by a WCTABHY&/0358881 nal
and wherein, rather than the wireless term nal conmunicating the entire
mul ti-input 10 dependent scheduling map to a base station, the wreless
termnal instead communi cates certain paraneters whereby the base station
generates or derives its own versions of tipe entire nulti-input dependent
schedul i ng map. Fig. 8 is diagrammatic view illustrating
recei pt of plural inputs by a scheduling map generator of an exanple
enbodi nent for_ building a nulti-input 15dependent  schedul i ng

Fig. 9 is a diftijrdm@biR) \arewseiptions thahonhgreasesopasig O%Féﬂafylng@WeEﬁolutlon
transm ssion tLme).i ntervals of the Long Term Evolution (LTE) network and a
start of a GSMtraffic multi-frane. Fig. 10 is a diagranmmatic
view illustrating a guard delay required by the 20 wirel ess term na

har dwar e/ sof tware to nbige 2. oliiga 28sMntlr Bigs AG agp diffaringnexaopde [rqdionreatigedie or

froma GSM r ecgivy@inRRRiBhd@Rdtl? a@celasﬂﬁvisfcﬁ%ﬁﬂ@leﬁﬁ@ '(@Dl\/ﬂriolutlons with Fig. 24 9.
11 is a dlggra tic view.llustratin
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recepti ong %ﬁg%gwgiggﬁmﬁa‘glﬂg%%ﬁ@g’éflgfana eglé&n{eﬁaﬁ({gegg%:lhg IFll%g map
is utilized féhowg@pﬁmész@awfﬂr%ﬂwsglg.a&% IB%%IVS‘ééH“g e BitsEs terni nal and
t he two networks. Fig. 13Ais a schematic view of an
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entire adé@tlwdk#uhmgenerable schedul ing map i s conmuni cat ed fron1MAreIess
termnal to at | east one base station. Fig. 13Bis a schematic

view of an inplenmentatjion of t stemaof Fig. 13 wherein the adaptively
regener abl e schedulingkﬁhé ?éi8@%@%5?%@‘B9Wé)W??EFﬁﬁ@nHBFHP%é‘“%HHB%H@fein

an eNodeB useSystpaoabedopds eommhetisation (GA¥HYt e its own version of 10the entire
adaptively regenerabl e scheduling nap.

Fig. 5 is a diagrammatic view depicting a wireless terminal participating
in access division multiplexing with a cell of a Long Term Evolution (LTE) network
15 andacell of a 2G (e.g., GSM) network.

Fig. 6 is a schematic view of portions of a communication system
comprising two radio access technology networks and in which a 60/120-multiple TTI
length scheduling map is utilized for multiplexed transmissions between a wireless
terminal and the two networks.

20 Fig. 6A is a schematic view of an implementation of the system of Fig. 6
wherein the scheduling map is generated by a wireless terminal and essentially the
entire scheduling map is communicated from wireless terminal to at least one base

station.

Fig. 6B is a schematic view of an implementation of the system of Fig. 6
25  wherein, rather than the wireless terminal communicating the entire scheduling map to
a base station, the wireless terminal instead communicates certain parameters whereby

the base station generates or derives its own versions of an entire scheduling map.

Fig. 7 is a schematic view of portions of a communication system

comprising two radio access technology networks and in which a multi-input dependent



Fig. 14 is a diagranmatic view of LTE uplink (UL) scheduling.

Fig. 15 is a flowhart show ng basic, representative acts perfornmed when
usi ng a swbeduli7sggermap for schedul ing transm ssions bet REENBA1WFEELSS
term nal and the Long Term Evolution (LTE). 15 DETAI LED DESCRI PTI ON

In the foll ow ng description, for purposes of explanation and not
limtation, specific details are set forth such as particular
architectures, interfaces, techniques, et¢l in order to provide a thorough
under standi ng of the present invention. However, it will be apparent to
those skilled in the art that the present invention may be 2 0 practiced in
ot her enbodi nents that depart fromthese specific details. That is, those
skilled in thechgdpling ppp b%u%qeé f%ﬁﬂétmleg@d \rr&flff%w%ﬁbeéwgf‘éln@em@%r%mma

al t hough not expthicaivbnytwaelscri bed or shown herein, enmbody the principles of
the invention and are included within its spirit and scope. In sone

i nstances, detailed descriptions of well-known devices, circuits, and

met hods are onitted soF€s7ﬁ0$aS@wGEQQUK@V@m%IME%@mﬁmﬁwcwf@ﬁi%@Eﬁmﬁﬁﬁgfbsent

invention wt f%vHéfH"@%%ﬁ@iﬁM n]gﬁtd%béndeﬁ' skh&hﬁh@ﬁﬁﬂt@ é}fefﬁédw wlﬁele@gtermmal
principles E ecific
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Bl b5 ter abf couputlpETaas o eRes RSBt RGerh S aHACF e ST bnal
equi val ent s t varedst terAdhall toi apkeabtl ope bide stagionnt ended t hat such equi val ents
i nclude both currently known equival ents as well as equival ents devel oped
in the future, i.e., any el enments devel oped t hat perforn1the sane
30f unction, regardl essFigf 7Bty yeghgpatic vipy of an implementatigp T theopstemetigiie, 7 it
will be appr eGﬂﬁte&dtHéMnﬁlﬁQﬁ@tSﬂépéﬂd@ﬁ dcﬁbdfuhﬁg afap ié Q@dersbéd)ﬁ}ka dm@wsaf&smhﬁr ein
can represent anch etlrlilarather ?khn tge wirele grr%tlla € I%I ru(r:ﬁ'“ %m the en? I t11 put
functional uni’f r|n0|6f {REEE 'S M Yy,

will be appr eclﬁlaﬁmédntt haluedahlyg flinalw @h&rt@se sstamcm,t tb&nswu'ql@ﬁ thrlagxahrrmstead

pseudocode, ar@mhhicaick @erta'én f)ﬁaﬁl@t%%r\xzhe\f@ffy A& Badl rs%@ﬁ gEerMN GhicRRYs iRSwn
substantially reggés?nte g& g g @ﬁ medi um and so executed by a
conmput er or teﬁﬁ%@ﬁ%ﬂ U g¢Peg ﬁwﬂﬁ%?mbr processor is
explicitly shomn. The functions of the various el enents

i ncl udi ng functional blaocks: N ed or
descri bed as corrput erE% ISpr o%lg&%%ﬁﬂg ‘%{%dn&&ra lhg‘ (%g) é%]%m&%qréﬂ \%l%ed
through the usehcdpling iRRaLRICEiPh oRsNcETENe CHRPdmEE %néﬂlédlnmr F@Pm
capabl e oﬂ5ex3@#§dagsagmhm@i@mpn the formof coded instructions stored on
conput er readabl e nmedi um such functions and illustrated functional
bl ocks are to be understood as being either hardware-inplenmented and/ or
conput er-i npl enent ed, Bigd & hus daghinmesticnpicenehtseatingl Bh noffsst rdslagf bétardwar e
l”D'enentat'0%mn&ﬂ@m&&ﬂﬁkhﬁ@@hmbﬁ%ﬁh§n%ﬁwnhﬁﬁbﬁﬁ%nQLTEP&Q&H&éﬁMwM&&P&%&
limtation gnal . processor SP) hardware, reduced instruction
set processor, ﬂ%?@“lé&ﬁne dlgltal or analog) circuitry including but
not limted to appllcatlon specific integrated circuit(s) [ASIC], and
(where appropriate) state C oJ

20l n ternms of conputerﬁl 1Q§%£§@§@P§%R%Qh&y%me%hkiSg%ggggggﬁaﬁMﬁg%ngood
to conpri 88 onwrelgss ﬁﬁlsm@agﬁaféwg@@pﬁww t@rﬁ@Vérff%? &b Hepsyif eposationrig atlhld
ternms conput ere@id RHRELSSIM RBEVEHAtRhtEh LTErRemRFpLai&d | nt er changeabl y
herein. When provided by a conputer or processor or controller, the
functions nay be provided by a single dedicated conputer or processor or
controller, by a singlEigshhrseadegrpuagc viaw ghisteggor half rate codec transmission

pattern of TDMA frame level.

it

Fig. 12 is a graphical view of wireless terminal LTE RX and wireless
25  terminal LTE TX scheduling maps indicating which LTE TTIs that can be used for

LTE transmission or reception.

Fig. 13 is a schematic view of portions of a communication system

comprising two radio access technology networks and in which an adaptively



25 or controller, or by a plurality of individual conputers or processors
or controllers, sone of which may be shared or distributed. Mreover, use
of the tewmopwoosmssor” or "controller” shall al so be censuBad0issss efer to
ot her hardware capabl e of perform ng such functions and/or executing
software, such as the exanple hardware recited above. Fig. 5 shows a
communi cations systemconprising at least a cell of GSM GSM 30 Edge Radi o
Access Network (CGERAN) network 22-2 and ailgell of Long Term Evol ution (LTE)
network 22-1. The GSM network 22-2 conprises a radi o base station node 28-2
while the LTE network 22-1 conprises a base station or eNodeB 28-1. Fig. 5
further shows mﬁreless termnal or, "UE' 30 capable of partjicipating in
access di vi si 6FECNg@bluprIiERi MgP (IADMlizefotor eRplipleged iapgnisgeny @F‘i’ﬁeﬁ%l a 30
can partICIpawﬁﬁmﬂs&H@&QkﬁkﬂﬁMﬂhﬁﬂﬁdm&ES) session when in a cell of the
Long Term Evol ution (LTE) network 22-1 and can participate in circuit

swi tched (CS) or even packet sw tched (PS) services provided by in GSM cel
(e.g., a 2G cell) of CSx GIRAN ek ViR of ansMpdemenddiion| ddle shisteal osEig.

he(r]I Slt nnba; I ggugéwﬁag&eﬂhesadaﬁﬁw ?@H%@glﬁ%cﬁédgﬁgé gﬁarggngérﬁifdt&ﬂbﬁrhg/mﬁ&‘gless
u | ul I | VI SI X1
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ti me interval shmhnoeanteddtonewireldssfttmrinalgo ntadaspomclmss stati@chnol ogy net wor ks,
and particularly to a Long Term Evolution (LTE) network such as network
22-1 and 10 another network such as a GSM network (represented by network

22-2). The schedul i ng Fép!#1 ishprhsyatc pipvt pemisipamaratione it fsRs obkg- by
the wirel ess ti18rwhdétain ﬂl@raddﬁﬁ@EMégeﬂ@aNVG@ahﬁiullﬁ@ﬁﬁdﬁ &Sg@ﬁrdtﬁi bsa at)ﬁi@ﬂdress

between a fi r%errarliﬁr? Iar?d T’lg’reess t (kd% 5%% de %:\30 ararr{e?erg da )1t rﬁ Yer% 8f

wireless termhn ari ARG B
ver si ons Q@reﬁhﬂ%ﬁWWthBWéSgﬁﬁwﬂdﬂ¢Vmﬁ@éﬁ@ﬂm@l) of the schedullng map that
permt the nodes and entities to communi cate in coordinated, essentially

un-obstructed fashion._In sone . exanpl e enbo | ing map and
met hods hereof are inpf@nﬁﬁ?éﬁ*%ﬁa G YIgy gg%ﬁ ﬁ?%aﬁ pe‘ﬁ‘ﬁn%ther exanple
enbodi nents the map and net hods hereof are inplenented in a node 28 (e.g.

base station node) of ppe;of I {6y LA ﬁ@m@fr%eosahlczpe s Q\Q%tsgﬁe}fxggﬁﬁw en

Although herein often réeferenced nere ar as edul 1 ng
map", it wll ug@galpﬁ@h@fbﬁhagélaiptﬁeaﬁcf@é@mgdfanﬁlﬁe%@%hﬁ%erem@ﬂ%Fﬂr@lrﬁlhandmdes
descri bed her ehd &R TELAIDTRADS (BPPRr at us and nmet hod for nulti-directional
scheduling, e.g., nethod and apparatus for preparing both an uplink (UL)
scheduling map and a 25 downlink (DL) scheduling map. The uplink (UL)
schedul i ngSmaPEEAUIR DFEHERIRTION escribe tinme intervals in which the
wireless termnal can send information in LTE transm ssion tinme intervals
across the radi o interfadke PW@mééwWﬁPWWKPDU¥T§@H@Hﬁ$|ﬂ?eﬁﬁﬁ“ﬂ@“c@ﬁ#ﬂ@hred
to prescribe tUinifRtibit §levidicSddtalsWitk Gt féteh idhehe partitelbmarthlte@@s, liatefhys,

[I'RLgr rrgt hon i r‘geclh;ll-ll%lugsr a CSH’I] St Ierotr(]) ptré)vnge hr&lo%l}lg%l lisndferrs arrpdltng%f Iﬁlaédf)rgselrlp }nggntlac‘)ne
However, it will be apparent to those skilled in the art that the present invention may be

20  practiced in other embodiments that depart from these specific details. That is, those
skilled in the art will be able to devise various arrangements which, although not
explicitly described or shown herein, embody the principles of the invention and are
included within its spirit and scope. In some instances, detailed descriptions of well-
known devices, circuits, and methods are omitted so as not to obscure the description of

25  the present invention with unnecessary detail. All statements herein reciting principles,
aspects, and embodiments of the invention, as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thereof. Additionally,

it is intended that such equivalents include both currently known equivalents as well as
equivalents developed in the future, i.c., any elements developed that perform the same

30  function, regardless of structure.



30 nention of scheduling map in any enbodinent is not limted to a single
scheduling map for a single direction, but can generically enconpass both a
schedul i nyormap/d7em46t he uplink (UL) direction (fromthe WCTaBBE6/0358881 nal to
t he network) and a scheduling map for the downlink (DL) direction (fromthe
network to the wireless termnal). 15 Fig. 6 shows portions of a
conmmuni cati on system conprising two radi o access technol ogy networks (e.g.,
LTE network 22-1 and GSM network 22-2) and3in which a 60/120-nultiple TTI

| ength scheduling map is utilized for nmultiplexed transm ssions between a
wireless termnal and the two networks. Fig. 6 shows not only 5 the
respective base stations 28-1 and 28-2 of the two radi o access technal ogy
networks, but al so bas&hust & gamelnitrBill & appserdateat by dhoseasknllpdimdickarpthad 55
wel | as a radiboordigirims héreinf@aa ec@escay encptia videofniluetaeiss cir@tifty babthdd

W rel essly Co'm“tloﬁﬁtlf 1ts e%% Qll,gct%y Q%CMCS oflttﬁg tg %{)ﬁg V\Délm%la%}é 1Jf \%gldbzz 2,

at | east sonme © accC I VI SI On
further shows appr@mat@énbatcﬁnmﬂlqmlcwr% yipteatragitiga rhagrans, me@bcmm tha ke

net wor k 2251 @ cERMVARSWO pib cdses? Wthh mayFbcg substaitiady 'rlef)l‘é%nfe@t ﬁ'}s chighiter
eNodeB 28-1 w%rele s tern nal ‘hﬁ rovided with

part i cul ar | Ui g S gl SRR 400 AP R ese
termnal 30 |sommwwrdﬂﬁommkmlsawhdﬂymm@mnap 40-0-6. As nentioned above, the
versions of the scheduling map 40 provided to eNodeB 28-1 and 15 wireless
termnal 30 are preferably essentially identical and facilitate

comuni cati on between {he fipgtions s ﬂ@rﬁ@ﬁéﬁ elswsntp atnglugings Amctipnal ¢ hlgcks,
networks in coggiif@bednot emsedtto a,lhdsy lah’eie@hﬁtdeblﬁtb%d ab as&n@ﬂer”ﬂqﬁ@d’e@dﬂ’g biy,

for the d%éfemeth%qg r%SHFCHj%§8$ n&pts d? %glbed h Qfln th rsion
of the sc dulf%g(hﬁ didt T Bay & re5| iR NS HE “I* and
the wrel ess taadni h@fﬂwat@ capadlcof dxe@utmgépfzwawdn ﬂleo‘gern@f p@@kilngstlmetfl@rsrsémed o0 as

schedul i ng nara)nﬂc%mputer read € thedRl VIrRgs, sehedHiong aﬂamﬁlstfraéd hﬂémnal blocks
transm ssions in-b Eme N%v0|q$ tranﬁ %SIOHS one (g o consider is
the Tength of EEHEA | HECTECAES DKEoRHNHg Th @Wéﬁeln&%%f&t 8K arfigrRer-
enbodi nent of imhenteechmdolgy mhcholeosgttnteatedi N, the | ength of the scheduling
map 40 is preferably an integral nunber of Long Term Evolution (LTE) 2 5
transmission tine intervals (TTIsS). In addition, the scheduling map 40 al so
preferabl ¥Shas the | enbtrmes ofakrdire gnalemsfier tay fuoghrt Alegks oraytingade

slots. O hervmos%ncctdi@s§c\hm@hultlliﬂgtaﬁaﬁt@lgmalcggm@tpr&gsgoempsppﬁambﬂouédu@adlsi ng
col lisions betM@ LTE, t Si 0o

S i Thus,
Storai oot o Rl Gy bRERRE SRR ANE RN R BRI B R g
pattern nust b@l@dttheapphcsft@hlsmcrlﬁc fintegmatett dircuit®) QASKEmand Gwheroraphiipfiata)

traffic mul ti JffANEHIREapable %@rfgﬁnlﬁggﬁchtfﬂﬁctlroﬁéif fic frame |ong since the
traffic nulti-frane is symmetric int TDVA frane 0-11 and 13-24 are used

for voice traffic. Hence, the scheduling map length is either 60 ns or 120
ms (or 602020 LTE T kamsafgomphtern@pknentafion, 4 bengxanipl gnantpdndestbodto Fi g.

6 the schedul i 0- I

schedul i ng map ggmggpmk(ﬂn%%%éyﬁg?&giﬁigﬁ%gﬁ&%%:%@ehﬁrE %E$E£K%§Hg%opwe

be derived forﬁn@ﬁf%eﬁﬁﬁwdt%étfﬂmqféﬂaé@@ erlqyicd dnterganggaply bereiny Vhen rrpeded

?a\ﬁ?l i ?E (D][-) M@ﬂertd}%rwélersﬁir%%oh@&[ﬂr Niak f&%tl@ﬁ@ﬁhﬂ/&i@%ﬁb{hdéd’lb[\l% g%éﬂggésl Ek
. ere ore on one scne In e e -

bt he v r ol sedfid AtiEeds ey SRR {RRek Shaif g reeatt

schedul i ng5maps comiselleheordey ravréutahily o indipidal oomputers LoT Bpregshsonk 01( Lintrodlng,

another for t @&nEBEwﬂR:mhdy% dhbeli-or BRE bUBIAC Mé&@@é&i%s'e Y HIBRS, SHewisQe when

LTE transm ssions ble relative t

trans
The 60/ 120- mul E9T10 efrﬂ aﬁé}f@tkﬁ CRAEH tpﬁgfo ﬁ&pOﬁ%g T ‘aarﬁéﬁp%}g% 8§P?f3°rmwg |
revoked or updadtefinctyns pad/viogkiccutingaoftaearch at thatexirhgle datdedid reeig:drabpve( or
paranmeters 10 needed to construct the scheduling nmap) need not be sent
every 60 ms (120 ms), but that the |ast generated 60/120-multiple TTI
| engt h schedul i ng K Schawsa comawnisytians sy Fm sPEgEsing piicarap cskbogﬁél\@ﬁﬁ%B

d . 1 (e. tQBO t h&ig ETIEaMSQK&E@sd?@MOIrkf (GERDEY ﬁ&%’gﬁ@122@ gnd aUBéll |0f6Lotng Term
nD ification i i and/ or. _occ rio Xi St | e.
al r eady gener§f8hgg ngghﬁﬁWW'&2 ?% dFﬁW k%@gigpﬁﬁmﬁﬁbﬁ %Fébeous

in saving node 28-2 while the LTE network 22-1 comprises a base station or eNodeB 28 1. Fig.

5 further shows wireless terminal or “UE” 30 capable of participating in access division



15 processing tinme (obviating the need to store or check a new map every 60
ns) and perhaps even nore inportantly periodic use saves radi o bandw dth.
This is twoeosiad®s i n general, changes to the schedul i rRgTABP1GNESSES kel y to
be nmade on a tinme scale on the order of | Gs of seconds rather than every 60
ms. Fig. 6A shows in nore detail selected exanple units of eNodeB 28-1 and
20 wireless termnal 30 in an exanpl e enbodi nent and node wherein the
scheduling map is generated by wireless tegsm nal 30 and essentially the
entire scheduling map is communicated fromw reless termnal 30 to eNodeB
28-1. Fig. 6B shows in nore detail an exanple enbodi nent and node wherein,
rather than the wireless termnal conmunicating.the entire scheduling map
to eNodeB 28- Multiplexipg (&PMs Fariepmalc. 3orefass famingd 3 sammrticaralss ince Pedich

par anet ers wheivitblyedt (?8) efskide Bh28inla cahofBelag dean Edelitive (LTH) tworked2sli on

of an entire schedul ing. T . Fig. 6A.,and Fi.g, how

el oct e uni t oot paRRREN il gyinrp SERT o5 Sen, AR Py @5 SR 50
For exanple, Preyidahydn@ Sl gell @B.id 3@selhf &@SIMYRIERAN atteotk 2222.mi nal 30
conpri ses conmuni cations interface 42; communications handler 44, and 30
schedul i ng_map gener at 46. The co [cations interface 42 is confiqured
to facilitite o g i Meitrieleey GRIRERPEEndRETubaTEHES Futicd darrats 50
as well as corougéemattingnamifort ifelasoh edsthedidingapag empldyed ihh& Beggss @Bision

croos ent, PORATPLGSe (A0 e he SPRRLLABRIER. 90 DRecrcal. (rom

Wreless termn ) To base station ind .

comuni cat i ondrARHRigTieR timg ETvalshiq gupcdHeangliffermegisdiogceess fechpelegy BHFETkS t h

t he schedul i ngnapprticokrl e @ gSshig MG rin Evolirtoar (LERY actwiorla B HSicbisdk 22-Pand bot h
pre-processing of data prior, to tr m ssion_ and stz processi ng ,of ta

P ter orandn dafbaBbRoRl e b8 4 (ANThARLAN (BREBRS DPLRRFRE P21 o TR
generate the selrddling mgp reqifloyedttyehovnodss @f thetnstwrksibnd ey, e wikdsethuminay nap

40-0-6 in 5t hgoFde@ermbhi i B Btsmission is to occur Fdt@eerPAANAIT BeeBBhHSILALT
nications interface 52-1;

illustrate that e eB 28-1 conprises co

connunication§wﬁﬁﬁgﬂ%$’ 12 ?Méﬁgwgdﬁﬁﬁﬁwvn r processor or the like for
accommodat i ng scheduling map 40-1-6. Simlarly GSM base station 28-2 al so
conpri ses conmuni cati | - : i catq !

54-2, as well as a GSE?%%%%B%F%%%ﬁ%%%?ﬁ%ﬁ#g?ﬁgg orﬁ%ﬁgh$gégm&éé e#kﬁﬁﬁs of
the slotsler seicstidlyniicaticad eSthecathedpliicamppibel pamift fhej pasies @pehfinfifieatd ons
interfaces 52 cha@iunicht B thadinato@r Eﬁaﬁﬁﬂ%tﬁ@ﬂ&fﬂl&éﬂ aRshiV elntsdeher @intple

interface, as | l,. as, c ni,cati on of .t chedulin for. the eNodeB
a1 (o rar ciftiaf TTHRGRS Be She Inthedt BRES: bRk Rinh M RS g
map can be derérwen) 3¢,0m withce| @egple] Subedimients| 180 map enbdeB@hoB- heretheare

comuni cat i ongyPRALLRHSINOG RRET AL €c.bN RAGC AUMBRNGRIW bR dnli€oS aledidld Ag.L8p
for proce53|ng he interl eaved transm ssions, e.g., both preprocessing of
data priofCt o TPEANSR Bd8ffSand post - processing of data after transmi ssion.

The exanpl e enbodi nent of Fig. 6B differs fromthe exanple enbodi nent of

Fig. 6A in that eNodeB,28: 1, furt ' . N « .
Generator 56 1. For. i nargeh ST ShoP RTREAEE tadeld R Lih b TR0 -t
gener at or 56- Mapsed WHE Bsarrpmiecided thit gaghiofbthescxsamic sypbpdimepssy @m’gérsodes

termnal 30 f QesEi®ed Hérbig cah cARNPas dpparatd @nd alReddIfbngult®dredfionki Schd&@hgby
t he eNodeB 28-

i s shown for f#%]3ﬁ88%§ﬁ§§&¥géh§ﬁ§%§%%ﬁ¥gP8§£&?§&ﬂﬂh§ﬂbéﬁggﬁﬁﬁg%%%ﬂ%ﬁ%g(Gﬁf
and downl Pk (@@whlink (DL) scheduling map. The uplink (UL) scheduling map is configured to
prescribe time intervals in which the wireless terminal can send information in LTE
transmission time intervals across the radio interface; the downlink (DL) scheduling
map is configured to prescribe time intervals in which the wireless terminal can receive
information in LTE transmission time intervals from the radio interface. Thus, a
30  mention of scheduling map in any embodiment is not limited to a single scheduling
map for a single direction, but can generically encompass both a scheduling map for the
uplink (UL) direction (from the wireless terminal to the network) and a scheduling map

for the downlink (DL) direction (from the network to the wireless terminal).



25 scheduling maps are generated for eNodeB 28-1 and wirel ess term nal 30.
Mor eover, as depicted by Fig. 6A and Fig. 6B respectively, either the
schedul i nyormap78H6g. 6A) or the paranmeters to derive tRETABIRA/035888) NBPS
(Fig. 6B) are sent to the LTE network. The wireless termnal LTE TX (UL)
scheduling map is also used internally in the wireless terminal to identify
tinmes when the wireless termnal can transmt. The LTE 30 system needs the
wireless termnal LTE RX (DL) scheduling map so it knows when the wrel ess
term nal can receive LTE transm ssions (control and data), and it needs the
wireless termnal LTE TX (UL) scheduling map to understand for which TTls a
granted resource wll be valid. 18 Broken | ine 60 depicts, in Fig.
6A and Fig. 6B as wel | Figsoshpws peitigns ea Cama}uat%?wwr%?@hﬂsmg two radio
functionaliti esceancchimilég hdtivuksraged T8 tdiworkl 129E abd GSan nbevoile a2z aad im
exanpl e enbodi _nent s. X e rmnal 30 o

pl at f or m 60- 0; qﬁ%b&eg&@%o'%ﬁg}rﬁ eFTIV\%"ngtlh g(i%eé orm 60- '% ut?l? b%g emuﬁlﬁ{exed
28-2 can corrpr’ﬂiagﬁmpfilmsfb?t\men@ \ﬁl@el@ss terh@atl emdﬁhné‘iV@g?tWOﬁiSatFﬂ@ﬁrﬁhOWsn@E andly of

des::r i bi tng gho%et ﬂ%@pe%ﬁ%ﬁ&ds@ﬁk@hoﬂmﬂlsarmf 280 WF hehes %dﬁ@éd&d@&éehﬁélo@?ﬁ&wt%ﬁ@ be

[ emented or r ze machi ne ormis. a conputer

ol emont at i ofbiIg? B B BRI STHE CPBhenbe S aey S RGO dF e
realized by onecdacende opeocelssior iewwichesexecuinel ciftedirelnsty Luotmrmnsca:ﬁetsor ed
in menory (e. m@%ﬁaﬁﬁ&?%mﬂé Xwéh&%ﬁébz' Naf Q’fﬁ étqeel%?E&ﬂé Hﬂhﬁ%ﬂé‘ﬁél

acts describe ere I'n suc uter Tnpl enentation W reless
term nal and/ @FccsbdbysienmEkiRlsxinge, g éd&irfhebrﬁhpws a9y sekss §brympliciy) enory
section (whi cRiemBrcbtibr3LEIIWERNPTE S@WOHATO MR LGESEndiRsMI22;2.r ead only menory;
application program nmenory (which stores, e.g., coded instructions which
can be executed by the processor to performacts descri bed herein); and any
ot her menory such &t dadd$reiliwstmiesythat @¥odsBadipl epd wikBsivisrammaks( altﬁymp%ldtdy

the wireless tammi Saled@n IQQPSSIIbeu&Lh% BRbAY ESHQ@?%V@Jed%@hs&Edﬁl

enbodi nrents discu se herein canai%so conpr.ise ¢ %ﬁﬁ 1ln ut/o ut u |ts
or functional ied adn¥ielest dBIalt "%ﬁ@?domlﬁufc ling H@Pn%& e

an audi o i nputmetﬁﬁvﬁedmb@m,ghe mrmonmcbfdheﬁqhedmlmgsuaj 40 prpuided eveNa@leBe8gl _and
camera); ?5V' %g’?ellesg &H‘ﬁal %@Vdrézgre(f&aﬂ%/ es&hﬁﬂ#ﬁ%ﬂtlc‘apa ?dcﬁlté}yfggfﬁ}nuﬁﬁz\éﬁ&?
(e.g., speaker pOSSIb ypes o I nput u put devi ces

In the exanpl &eBfeeri e wire éﬁﬁdtelm’@al 6BPHAGOt a0dr ther BV Mevotlke plcapdBatad.
depicted by | leﬁ@nﬁﬁlyh@ﬁ-obﬁﬁmdd Fagsibh at eAc@ﬁdlﬁgwpublerthd aﬁfeedmrﬁnedre@;secuve

conput er - based tfo ther exan rmfor re £s

and/ or the net\?\g’lg){il §e§e ﬁdSZ‘elieHlat ofverﬁpoi]ilaf) V\%ergc%ed}l ﬁlﬁr%ug] B
application sp@@r\fﬂsc résideay plachéeticBi 2 iand (S lewhersinal &‘i) ratmcqlle%‘@lbemht S
are struchbyred ARt .dPRF&tRdo LosdeMfIREMdp®. vari ous acts described herein.
Bef ore continuing with discussion of other exanple enbodinents, it is

enphasi zed that representative elenents and functionalities of the wirel ess
termnal and net \Aothnatéasln@sstddluhagimaﬂeﬁﬂrLin“ﬁﬁlansﬁmsfonam bamaemGSRL vans

i nterfaces an d I a and
typically do %ggmﬁ%{lr aé?%ér ?‘gtg)r ot elrSﬁégS(lsémi legéﬁ%ffgéh%hm@ rﬁgeiﬁieﬁl nkcbjée%gcclzlflg gd]ed

al t hough for 9akesrset idrgypmele gmbadanent é’ﬁﬁ@s’fé?hnalngéhsél%?ﬁah?@maﬂ’@ length of

f uncL ionalitiege smyddmag rrrf]a@el(l)l ib gﬁ:@érbb‘ly be 1ﬂté%rbl5duhﬂ%ﬁ‘6f Mngdremmadlonmm)

anot her o ects the tec y n concer tus
2na. et hod ot ol BRRSEPT A eSRBARN Py M odr iy ThethPe BRPLRUR APRERS o1
par aneters (e.hgs thealengthtqf-annmtﬁgradlepm’wdle nt GSdh didaics g tnmepilotsOn@thewasgplthe way
to inplenment aclfilg ijaRYH gﬁfﬂ@ﬂ%”%ep%ﬁ@@dsylltﬂdﬁg dEB8ng ScdiiRiom H&Geéh GaH I Ol

procedure that takes a set of variables and a set of static pararreters into

account. Thi s "@BHESHPISIGCEAVE Bansayssioasigdmen T dfcrelings o they Hpeediof thhg
t he schedul i ngedimplegadBcloedmt hdreionhd hidctvlingl pastsrnt retudriboadith&0a fid] triféic LoTti-

t k 22-1. | i p poth
the w rel 835 (ErkRar U IR Rk R o8] 1 B uite i IR Pt Bkl s
sends al |l or ahsuyfisapulpfrapigds yapmaticas thgyd D3 Atframe 0-11 and 13-24 are used for

voice traffic. Hence, the scheduling map length is either 60 ms or 120 ms (or 60/120

0

LTE TTIs long). Therefore, for the example embodiment of Fig. 6 the scheduling map
is referred to as a 60/120-multiple TTI length scheduling map.



10 paraneters to the LTE network 22-1 so that the LTE network 22-1 derives
its own internal set of scheduling maps. In this alternative which uses

i nput frowothe/omsyel ess termnal, the LTE system deri ve®CriB2Eehisdss i ng map
to be identical to the scheduling map al ready derived and stored inside the
wireless termnal. This is possible since the set of input paraneters as
descri bed herein together with the standards descriptions for 15 d obal
System for Mbile Communication (GSM in 3&PP uniquely define one and only
one schedul i ng map. Fig. 7 shows portions of a comruni cation system
conprising two radio access technology networks (e.g., LTE network 22-1 and
GSM networ k 22-2) and_in mul ti-input dependent schedul i ng nap
40-x-7 is utilized TﬁlerTTmhﬁﬁ ‘iﬁ‘Pé@@é’éeq fon hd i téf’élﬁl%fh‘gm}}ﬁ Bseteteehion boghrdicadhe
termnal and twigldsweerm@tahB0 ksn robsive howe downfhlg (DI7) ﬁi‘d&d&ﬁi tB8wlrew§dte\i\mfrﬁl ess
termnal 30 €3 a%l tl%lnls%u 11 %nl?plh?lk Fgﬁ?,§eT%ere 19 alt@loﬁ% ul?lll gtshf%ﬁﬁbﬁ%%?g

but i ncl ude re erence i-1n ‘depénde
W rel ess ter nishan BDCWB@H pnd Trhgu\tlreébéﬁ)@miéﬁt 3 ehlgud, |lhg umrd?fswgd !lhaV‘fW(Dr

eNodeBt 28- % RbdhiBg Fbgh mist H6 Qvava ffl SRSfot @13 Mk 11%9 (88) smt oltlﬁzg R tlée
par anet er - bas erato net er.- base
Schedul i ng mﬁrdfgﬁiﬁ%ﬁmiﬁs#ﬁgé'@ﬁu@tsg Siiiilne 52ps Sofs O o PR Hapg g are
generati ng t heosaible relativoue, edppgeSidaninsmsshieduul i ng map 40-0-7 which is
utilized by wireless termnal 30 and which is transnitted by wirel ess
termnal 30 to LTE network 22-1. in the exanpl e enbodi nent and node
of Fig. 7A the entilfe GWAZ0rmplplst Tabﬁg%g&bﬁﬁheéeh%m%pné nisg yaiedicatle gingl)
par amet er - baseelokedhedupdang. Wpéiﬂ@lﬁﬂﬁeaﬁ afeaktGhat ths sdh@ﬂulﬁ@ MaplGe hakdyheters

w rel ess rm na but, tte th

ool o enBoamnales 8 shimbSnb CRRlind p] RofREBE s& erv 60, ms (L2 AE bur
transmt its dhpnat |th€elamgemratedpﬁ9flﬁewdﬁderﬁﬂslmluﬁﬂhefh@mmpamcﬁmbﬁuﬁd b&l‘tkmeB
28-1, but rat R@feldsherRpapBBLAN cNeRBD & hed u{HerIgrmtegg%ﬁﬂf%eA@o%ereegel ves

plural inputs 20 which are used enerate_the. rul ti-inpu
schedul i ng mapntibpmetificationgs qalreézﬁl CRES- Eﬂ&%l&ﬂ&é@é%ﬂ& %Wﬁxsi ng

par anet er - basgdnaaihécﬁﬂ/]ﬂ@gnuﬂaplegﬁﬁbrlatgﬂr sblediiling nSemes aflvantegeouspint sawised by
par amet er Qas Qk%d’dﬁnwgb&m 9&‘1@% o sté‘yge { EH%Ek Q%e'uﬁhﬁg e%'ﬁl 6UJHS { ahdiput

dependent sch duI map can & recel ved m W rel ess
i ndi cated by @ArhaPY eXeniTerFigportaplly pariedis K saves ryad@&%éd‘&dﬂm Thigs tf‘ﬁ»‘eguilct‘?puts

can be recei velgbdtrdl] gRagdsng tﬁerg@mdumag hepReEikale 018 MadKsn € 2Amk sild 0d2h.

The schedulin ratl red by the paraneter-based
schedul i ng na%“%%ﬁégg%)F“§§ ﬁ“@“%#mgﬁ%ﬁgébfg 1 are used to build the
mul ti-input dependent scheduling map 40-1-7. 10As in other enbodinents

Lo e soheduli ng T denEr Tk shOuirTHble dcdllectAREAAAE unfE DEA A BDIPEN O
both of af’ upw?mkesgmﬂ@%@am %@mﬁépe%)&l%enaa H%%ﬁ? @e"@ﬁaw%r%p

Thus, when onengMEdaﬂmwgwﬁmpwl&nﬂﬁﬂbﬁﬂb&ﬂ,asﬂnmﬂyuhdensmomﬂc&hmg1hq¢hsan
upl i nk (UL) a%gmﬂfh 'a{eﬁkfr&Plv}lr&é%?ﬁ%#li%@%o%g%ﬁég%fs% $! 08 RALWIRDGIRE | O,

15 utilization, conmuni ca I Ng map~enconpasses
generation ut |d|etazla%n| ormpkh ambedigennind wads gmcsin, eher thae thigppinlesy torminghd
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facilitate, e.g., interleaved transmissions over the radio interface 32 as well as
communication of the scheduling map (or, for the Fig. 6B embodiment, parameters
from which the scheduling map can be derived) from wireless terminal 30 to base

station 28-2 and eNodeB 28-1. The communications handler 44 is configured to



25schedul ing map can include two or nore of those listed in Table 1. WD
2011/ 073946PCT/ 1 B2010/ 055888 21 TABLE 1: | NPUTS FOR GENERATI ON SCHEDULI NG
MAP arwof2bsdt73del ay bet ween transm ssion tine intervalCs/Bio10/bessgsong Ter m
Evolution (LTE) network and a start of a GSMtraffic nmulti-frame (as
illustrated by Fig. 9). a guard delay required by the wireless term na
har dwar e/ software to nove froma GSMtransnit operation to a LTE receive or
froma GSMreceive operation to a LTE tramgnit operation (as illustrated by
Fig. 10). a tinme slot nunmber used for GSM voice transm ssions both in an
uplink (UL) connunication across the radio interface fromthe wrel ess
term nal and a downl i nk communi cation, across the radio interface

toward the wi PBfi@Es i eacmrﬁ%nce with 5 thegtghefiphingq g12gy ffi prosessige thse tvierdssvertbl i nk
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or a single receive

di vi si on net hé@igwratt@thbécfiqdpllmm ém tl(eewgelessé‘i:rtrh@al g jcheduling papd0-G4-6 e

di vi si on net hegh pf;, ABAR@enTE transn ssions between tine slots or a second
type of tinme division nethod of mapping LTE transm ssions between TDVA
frames). Various inputs listed in Table 1 are briefly discussed bel ow
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fromusing a 't ca
slots or bursts which a GSM call is allowed to utilize. Communications interfaces 52

facilitate the interleaved transmissions over the radio interface, as well as
communication of the scheduling map for the eNodeB 28-1 (or, for the Fig. 6B
embodiment, parameters from which the scheduling map can be derived) from wireless
15 terminal 30 to eNodeB 28-1. The communications handlers 54 operate in accordance
with the scheduling map for processing the interleaved transmissions, e.g., both pre-

processing of data prior to transmission and post-processing of data after transmission.

The example embodiment of Fig. 6B differs from the example

embodiment of Fig. 6A in that eNodeB 28-1 further comprises a scheduling map

20  generator 56-1. For the Fig. 6B example embodiment, the scheduling map generator
56-1 uses the parameters or variables sent by the wireless terminal 30 for deriving or

generating the scheduling map 40-1-6 used by the eNodeB 28-1.

As mentioned above, although only one scheduling map is shown for the

eNodeB 28-1 and the wireless terminal 30, both uplink (UL) and downlink (DL)

25  scheduling maps are generated for eNodeB 28-1 and wireless terminal 30. Moreover,
as depicted by Fig. 6A and Fig. 6B respectively, either the scheduling maps (Fig. 6A)

or the parameters to derive the scheduling maps (Fig. 6B) are sent to the LTE network.

The wireless terminal LTE TX (UL) scheduling map is also used internally in the
wireless terminal to identify times when the wireless terminal can transmit. The LTE

30  system needs the wireless terminal LTE RX (DL) scheduling map so it knows when the
wireless terminal can receive LTE transmissions (control and data), and it needs the
wireless terminal LTE TX (UL) scheduling map to understand for which TTIs a

granted resource will be valid.
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20  input/output devices.

In the example of Fig. 6A and Fig. 6B and other drawings the platform depicted
by line 60 has been illustrated as computer-implemented or computer-based platform.
Another example platform for wireless terminal and/or the network nodes can be that of
a hardware circuit, e.g., an application specific integrated circuit (ASIC) wherein circuit

25  clements are structured and operated to perform the various acts described herein.

Before continuing with discussion of other example embodiments, it is
emphasized that representative elements and functionalities of the wireless terminal and
network nodes as already described, such as communications interfaces and
communications handlers and platform implementation, can and typically do

30  characterize other example embodiments herein described, although for sake of
simplicity such representative elements and functionalities may not specifically be
illustrated or discussed.

It was mentioned above, e.g., in conjunction with the embodiment of Fig. 6B,

that the scheduling map can be derived using various parameters or variables. In



As mentioned above, the scheduling map (e.g., 60/120-nmultiple TTlI length
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generating the wireless termnal LTE TX and/or wireless termnal LTE RX
schedul i ng maps, then the wreless 5 termnal LTE TX and/or w rel ess
termnal LTE RX scheduling maps are recal cul ated. Thus, in accordance with
an exanpl e enbodi ment and node, the technobdogy di scl osed herein further
concerns an adaptively regenerabl e scheduling map, e.g., nmethod and
apparatus for regenerating at |east a portion of the scheduling nmap when
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2 OTherefore, in accordance with an aspect of the technol ogy discl osed
herein the LTE timng is changed. Both the wireless term nal and eNodeB use
t he wirelwe=otig7sd4nal LTE RX and wirel ess term nal LTE PRT4Blel035888y maps.
In using the scheduling maps the wireless term nal and the eNodeB excl ude
the TTls that the wireless termnal is tuned into GSM

transm ssions/receptions and use the fixed timng 25 of 4 TTls between
grant, transm ssion, ACKNACK, and retranspipssions. An exanple of this
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Various inputs listed in Table 1 are briefly discussed below:

Offset delay (variable):

rence between a LTE transmission time interval (TTI) and the start of a traffic

The wireless terminal must measure the timing

i-frame for GSM. This timing difference is the offset value, which is illustrated in
9.

The guard delay (static) is the amount of delay the wt needs to switch between

GSM and LTE RX/TX. Fig. 10 illustrates that the guard delay is the time the radio

5  diffe
mult
Fig.
10

call.

needs to switch from using a GSM time slot until it can use an LTE TTL.

The timeslot number (variable) is the time slot (TS0-TS7) used for the voice

This data may change within the call, and thus, a new scheduling map must be

derived and sent up due to handovers, etc.



A LTE radi o access network (RAN) that derives scheduling maps using sone or
all 10 of the information nentioned herein, at |east sonme of which it has
recei ved woemiid1ed4éi r el ess term nal (nmaybe only parts ofCrhB2iiorbzssssat i on i s
received fromthe wireless termnal). A LTE radi o access network (RAN)
that receives input paraneters fromthe wireless termnal and uses the

i nput paraneters to derive two scheduling maps: one 15for when the wrel ess
term nal can send LTE TTIs and one for whem the wireless term nal can
receive LTE TTls. A wireless termnal that takes the wireless termnal LTE
TX scheduling map i nto account when deci di ng the TTI to send a scheduling
request (SR). A LTE radi o access networ hat takes the w rel ess

terminal LTE RX 2 O&andelay Pﬁae%ﬁst\%%/%%&ﬁtlswﬁstﬁeél dhsgSMhER 208 Ry ant
the wirel ess tensmiBdbnst Ge Seputhtelbba 3itimd bletsupll j78knd) UDhis isAriferadlyeskert gigri nal
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t hat, when receiving er status report enin LTE
mul ti pl exi ng, 13<kt§§e §lﬁ"tséle%}€%1%ﬂfﬁ‘tnsl§'b€§t‘?n§ he wireless termnal LTE RX and
wireless termnal LTE TX schedul i ng map when deci d| ng which TTls the

w reless term nal use. f LTE t s SSi ons.

grant transnissi on(]\jfcj)lufal dat Smg?e n'for e {_S?QII:" SPT 8 Taf Xa{nIl? E?dr?uA ?h re eﬁs
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recal cul ates t Ca@@'l% S when aneters are

changed. 10 AR 33 EfeSenan (SoEmar %86%15 § VP Srsdgminal

schedul i ng nmaps cise dfaelukllieceiver, an assumption can be made that only one transmitter is used
and that the wireless terminal time multiplex between LTE and GSM transmissions

15  uses this one transmitter unit.

Time Division method, time slot level, or TDMA level (static): time division
method where either the receive and transmit LTE data can be fit in-between timeslots
(~4.04 msec in between time slots can be used). If the guard delay is quite high,
perhaps a practical method is to run half-rate codec and do LTE receptions and

20  transmissions in the empty TDMA frames instead.

As mentioned above, Fig. 8 shows a graphical representation of a control
procedure which uses multi-inputs to derive the scheduling maps. Fig. 12 shows a
graphical representation of the wireless terminal LTE RX and wireless terminal LTE
TX scheduling maps indicating which LTE TTIs that can be used for LTE transmission

25  orreception.

The wireless terminal LTE TX and wireless terminal LTE RX scheduling maps
or the input parameters to create the scheduling maps are sent to the LTE network in
conjunction with the GSM call set-up. After the GSM call has ended, the wireless
terminal indicates to the LTE system that the wireless terminal LTE TX and wireless

30  terminal LTE RX scheduling maps are no longer valid for use for LTE transmission.



RAN or sends the changed input paraneters A LTE network that, if it

recei ves changed i nput paraneters, recal cul ates the scheduling nmaps.
Exanpl e awloantizgesteof this technol ogy include the additipom/i1Bto16/055688 onal ity
to 15 derive wireless termnal LTE RX and wireless termnal LTE TX
schedul i ng maps descri bi ng when LTE data transm ssions can happen

i n-between GSM voice transm ssions. This technol ogy al so addresses issues
with the fixed timng in the LTE uplink sgheduling resulting in a
significantly |arger LTE throughput when multiplexing LTE data transport in
a GSMcircuit switched (CS) call. 20Al though the description above contains
many specificities, these should not be construed as |limting the scope of
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15 of Fig. 6 and variations thereof, but include reference to adaptively regenerable
scheduling map 40-0-7 for wireless terminal 30 and adaptively regenerable scheduling
map 40-1-7 for eNodeB 28-1. Further Fig. 13 shows wircless terminal 30 as
comprising adaptively regenerable scheduling map generator 46-13 and parameter
acquisition unit 70. The parameter acquisition unit 70 detects or receives signals

20  regarding changes in any of the input variables or parameters used to generate the
scheduling map. Any changed input variable or parameter values as detected or
discerned by parameter acquisition unit 70 are applied to scheduling map generator 56-

13, which then regenerates or recalculates the adaptively regenerable scheduling map.

Fig. 13A shows an implementation of the system of Fig. 13 wherein the

25  adaptively regenerable scheduling map is generated by a wireless terminal and
essentially the entire adaptively regenerable scheduling map is communicated from
wireless terminal to the eNodeB 28-1. Fig. 13B shows a differing implementation of

the system of Fig. 13 wherein the adaptively regenerable scheduling map is generated

by a wireless terminal and wherein eNodeB 28-1 uses updated parameters to update its

30  own version of the entire adaptively regenerable scheduling map.

Thus, as understood with reference to the embodiment and mode of Fig. 13 and
variations/implementations thercof, adaptively regenerable scheduling maps may be
recalculated in the wireless terminal and sent to the LTE network (as in Fig. 13A), or

the input parameters to create the scheduling maps are sent to the LTE network that



6Evol ution (LTE) network of tine intervals that can be used for data
transm ssions to or from7the wireless termnal; 8characterized in that
that a | enmgt2h11af7344be scheduling map is a nultiple of si®CyIB10NEESS hundr ed
twenty transmssion tine intervals of the Long Term Evol uti on (LTE)
network. 12. The apparatus of claim1, further conprising: 2a

communi cations interface (52, 42) configured to facilitate the interl eaved
3transm ssions over the radio interface (32); 4a conmunications handl er
(44, 54) is configured to operate in accordance with the 5schedul i ng map
for processing the interleaved transm ssions; 6a scheduling map generator
(46, 56) configured to generate the scheduling map. 13. The appar at us of
claim 1, wherdétGplufesdpspaheduliag gppra detis lﬁ%geoe%yenbwhan Fhagimgy happen is
2accessnet wor handcAer When alppéamatda wkd dbaGSML volsharaakmistibes a@panatdhanged.

conprises a wiyelbess termnal (30) 2which c nicates over the ra
oo tace ( 3oy URHER R Ml BpulrPrag b DR COMM R gl LR AGeL Bne
generating a setrddlig map reppmEuiDy Witslesy samingl that digances deels SomethoiSR! rgliche
met hod CONBr i $L8GstatdROS thatthé BFsdi A8lap CRAG diGo BB gbdHbhidgQudPaReCT | be time
interval s that can be used for
An example scenario of LTE uplink (UL) scheduling is illustrated in Fig. 14. If
there is a packet to send, the wireless terminal sends a scheduling request (SR). A
minimum of 4 ms later (or longer due to a variable scheduling delay) the eNodeB
transmits a grant (G) giving the wireless terminal the right to send a packet of a certain
10  size in the transmission time interval (TTI) that occurs exactly 4 ms (fixed value) later.
If the data is not received properly at the eNodeB, a NACK (N) is sent 4 msec after the
data transmission attempt. This triggers a retransmission (R) 4 msec later. In the

example above, this transmission is successful and thus an ACK (A) is sent 4 ms later.

When using a scheduling map this fixed timing is changed because, ¢.g., 4 msec

15  after an LTE transmission, the wireless terminal may be tuned on GSM for receiving or

sending GSM voice data. In that case, and if the wireless terminal is a single receiver

wireless terminal, the ACK/NACK for this LTE transmission cannot be received. And

in that case the wireless terminal must assume that the LTE transmission was not
successful and will retransmit the LTE data.

20 Therefore, in accordance with an aspect of the technology disclosed herein the
LTE timing is changed. Both the wircless terminal and eNodeB use the wireless
terminal LTE RX and wireless terminal LTE TX scheduling maps. In using the
scheduling maps the wireless terminal and the eNodeB exclude the TTIs that the
wireless terminal is tuned into GSM transmissions/receptions and use the fixed timing

25  of 4 TTIs between grant, transmission, ACK/NACK, and retransmissions. An example

of this procedure is now described in more detail with reference to the acts of Fig. 15.

First, as act 15-1, a wireless terminal which participates in access division

multiplexing (ADM) (e.g., GSM and LTE multiplexing) sends a scheduling request

(SR) in a time where LTE transmissions are allowed according to the wireless terminal

30 LTE TX scheduling map. Second, as act 15-2, the network uses the wireless terminal
LTE RX scheduling map as one input to decide a suitable time for sending a grant to

the wireless terminal. This grant occurs at least 4 ms later than the scheduling request

(SR). Third, the wireless terminal receives the grant and, as act 15-3, uses the LTE TX



dinterl eaved transm ssions over a radio interface (32) to or froma
wireless termnal, the 5interleaved transm ssions to or fromthe wreless
term nal wei2ng/i7s44er | eaved with respect to a 6 circuit ®eriuBiedoises G obal
System for Mobil e Conmunication (GSM network and a Long 7 Term Evol ution
(LTE) network; 8the nethod characterized by setting a length of the
scheduling map (40) to be a multiple 9of sixty or one hundred twenty
transmission tine intervals of the Long Tesm Evolution (LTE) 10 network.
WO 2011/ 073946PCT/ 1B2010/ 055888 30 16. The nethod of claimb5, further
conprising generating the scheduling nap (40) at a

2nodeof ar adi oaccessnetwork. 17. The method of claimb5, congr|5|ng

generating t héhsdRbRamemép deigminoyhen toxepdibe el fodate erllfrf}ﬁéﬁ i a118T B8 us
(28, 30) adaptueezﬂ fc@l‘wﬁdlés@l‘télﬁﬁﬂeed tednainiGios SIfANE dmelin & madc@rdlﬂg ed ftecent 32)

2 W th both a %“térmln er i E‘ @ed%n%?m%gﬁ i i?fi eha i gen??rmﬁ'ilm tion

(GSM networ k Long ratus ei ng
configured to Cghﬁf@frl@t theepext LTE TTI can be used for w1reless termlnal transm1ss10n of LTE

5  data in the wireless terminal LTE TX scheduling map. Since both the wireless terminal
and the eNodeB have this wireless terminal LTE TX scheduling map, both know which

TTI will be used for the LTE transmission. Fourth, as act 15-4, the network sends the
ACK/NACK for the LTE UL transmission in either 4 msec (if that corresponds to a
possible LTE reception according to the wireless terminal LTE RX scheduling map) or

10  the next possible LTE TTI that the wireless terminal can receive according to the sent
wireless terminal LTE RX scheduling map. Fifth, as act 15-5 the wireless terminal
understands that an ACK/NACK for a UL transmission will be received in 4 msec or

the next LTE TTI that the wireless terminal can receive LTE data and thereafter control

is according to the wireless terminal LTE RX scheduling map.

15 The eNodeB must understand that there may be more TTIs in the wireless
terminal LTE RX scheduling map than in the wireless terminal LTE TX scheduling
map (or vice versa). One example may be that for a dual receiver approach, there will

be many more possible TTIs for LTE reception than for LTE transmission.

In case the wireless terminal has a large amount of data to send over LTE, the

20  wireless terminal will send a buffer status report (BSR). The buffer status report (BSR)

triggers the LTE network to grant the wireless terminal the right to send LTE data in

subsequent/following TTIs without the wireless terminal have to send a new scheduling
request (SR), as illustrated in Fig. 15.

When in GSM and LTE time multiplexing and the wireless terminal LTE RX

25  and wireless terminal LTE TX scheduling maps are in use, the grants must be sent
according to the wireless terminal LTE RX scheduling map. But the amount of grants

sent should not be more than possible transmissions indicated in the wireless terminal

LTE TX scheduling map. In case of a dual receiver wireless terminal and a wireless
terminal LTE RX scheduling map indicating the possibility to receive LTE data or

30  control in every TTI, the eNodeB could send grants in every TTL. But this would be a
waste since the wireless terminal can only send data for a certain percentage of these

grants according to the wireless terminal LTE TX scheduling map.



4schedul i ng map (40), the scheduling map (40) being configured to inform at
| east one of the 5 circuit switched (CS) d obal Systemfor Mbile

Comuni cawDan11(o@8Np net wor k and the Long 6Ter m Evol uti orCTOBEO)N0/nE88%0r K of
time intervals that can be used for data transm ssions to or 7fromthe
wireless termnal; 8characterized in that the apparatus is configured to
generate the scheduling map (40) Qusing two or nore of the foll ow ng

vari abl es or paraneters: 10an offset del agobetween transm ssion tine
intervals of the Long Term Evolution 11(LTE) network and a start of a GSM
traffic nulti-franme; 12a guard delay required by at Ieast one of hardware
and software of the wireless 13 ter nmove fr a GCSMtransm t

operation to a LTEHcBewihkeel BF réfdﬁfb?ﬁcassc%m%@érlv%w%f?éeeer s tragsmisgiquof
transmt oper ahiagn ,m&5&TEI Tst slhamttha uﬁiilﬁ’funUSB@) tlernuciivt vOLTE ltlrlaﬂﬁarrbesb@ns

Dot n an UPLieh Ul MRSAITHA 634,00, A6L086 EherfRdha LA Er hageef 33k | rom

the wirel ess termna conmuni ca |on e radio
i nterface (32)cecpiend the wnreless tern1na| 18a GSM ti e delay di fference
between uplink (UL) and downlink (DL) 19t|neslots 20an i ndi cati on whet her

a hal f rat E or a full fnaet %0%?196%% {nswllflgh ‘gle network 22-2 is a Global System for Mobile

Communication (GSM) network, the GSM network is happily unaware of what occurs
in the wireless terminal 30 and in the LTE network, e.g., node 28-1. By allowing the
Global System for Mobile Communication (GSM) system to be essentially obvlvious to
the scheduling coordinated between wireless terminal 30 and the LTE network 22-1,

10 the GSM system with its legacy components advantageously need not upgraded or
otherwise impacted by the introduction of Long Term Evolution (LTE) and access
division multiplexing (ADM). Hence GSM does its own scheduling and transmission
independently. Moreover, the GSM frame structure — being circuit switched with
regular transmissions of voice frames — is very rigid and hence unsuited for the

15  flexibility required to follow any scheduling map, in particular with constraints that
other GSM wireless terminals (GSM only legacy wireless terminals) shall be able to be
scheduled according to old patterns in the same frequency and in parallel to the
ADM/GSM mobile.

The technology disclosed herein thus encompasses numerous aspects and
20  features, some of which have been described with reference to the foregoing
embodiments and modes. It should be understood that each embodiment and mode
does not necessarily exist in isolation, but that features or aspects of differing
embodiments and modes can be combined with one another. For example, the
technology of a 60/120-multiple TTI length scheduling map can be combined with the
25  technology of multi-input dependency and/or the technology of adaptively
regenerability, or yet other variations and combinations. Moreover, as emphasized
above each embodiment can use multi-directional scheduling maps (e.g., can employ

both an uplink (UL) scheduling map and a downlink (DL) scheduling map).

Among the features described herein or encompassed hereby are the following:

30 e awireless terminal that derives scheduling maps each of the length of a multiple of
60 or 120 LTE TTIs for multiplexing LTE and GSM transmissions/receptions.



2lan indication whether a dual receiver structure or a single receiver
structure is 22used; and 23an indication of what type tine division nethod
is to be wopbamesded. 19. The apparatus of claim8, whePernBrheoEpgsar at us
conprises a node (28) of a radio 2accessnetwork. 110. The apparatus of claim
8, wherein the apparatus conprises a wireless termnal 2(30) which

comuni cates over the radio interface (32) with a node (28) of a radio
access 3 network. WD 2011/073946PCT/ 1B2029/ 055888 31 111. The apparat us of
claim8, wherein the apparatus is configured to regenerate at 2| east a
portion of the scheduling map (40) when there is change of the one or nore
of the 3vari abl esOrparaneters. 112. The apparatus of claim 11, wherein
where there i@ theviethessdamyral thae deies sehedpling BRP YL spar Apilleaf the multiple

paraneters the wnpelif®smht@nticbalbell feenfigured to send either a regenerated
3scheduling map (40) or a changed variable or paraneter to a node of a
radi o access network.

e A wireless terminal that derives two scheduling maps one for when it can send LTE

TTIs and one for when it can receive LTE TTIs, and which sends this information
5 (the two scheduling maps) to the LTE network.

e A LTE radio access network (RAN) that derives scheduling maps each of the length
of a multiple of 60 or 120 LTE TTIs for the use of multiplexing LTE and GSM

transmissions/receptions.

e A LTE radio access network (RAN) that derives scheduling maps using some or all
10 of the information mentioned herein, at least some of which it has received from the
wireless terminal (maybe only parts of the information is received from the wireless

terminal).

e A LTE radio access network (RAN) that receives input parameters from the
wireless terminal and uses the input parameters to derive two scheduling maps: one
15 for when the wireless terminal can send LTE TTIs and one for when the wireless

terminal can receive LTE TTIs.

e A wireless terminal that takes the wireless terminal LTE TX scheduling map into

account when deciding the TTI to send a scheduling request (SR).

e A LTE radio access network (RAN) that takes the wireless terminal LTE RX
20 scheduling map into account when deciding when to grant the wireless terminal to
send data in the uplink (UL).

e A wireless terminal and a LTE radio access network (RAN) that take the wireless
terminal LTE TX scheduling map into account to calculate when the LTE UL data
transmission can occur depending on when the grant was sent and the wireless

25 terminal LTE TX scheduling map.

e A wircless terminal and a LTE radio access network (RAN) that takes into account
the wireless terminal LTE RX scheduling map to calculate when the ACK/NACK
of the LTE UL data transmission can occur (this depends on when the LTE UL

transmission was sent and the wireless terminal LTE RX scheduling map).



113. The apparatus of claim@8, further conprising: 2a conmuni cations

i nterface (52, 42) configured to facilitate the interl eaved 3transm ssions
over the wadou/i7sdder f ace (32); 4a scheduling nmap (40) geaEMB2000/03588B 56)
configured to generate the scheduling map 5(40). 114. A nethod of
generating a scheduling map (40) configured to prescribe tinme 2intervals
that can be used for interleaved transm ssions over a radio interface (32)
to or froma 3wireless termnal (30), the2gnterl eaved transm ssions to or
fromthe wireless termnal (30) being 4interleaved with respect to a
circuit switched (CS) d obal System for Mbile Conmmunication 5 (GSM
network and a LongLTernyEvqution (LTE) network; the nethod characterized

by 6generating tfelEEhedlacerss meiyvork ORADS the), e decciriicea dufteh stafus | TRfE ng
vari abl Ies o][ 7Ea(mmL t\ﬂ’_freﬁ: in @@gMaintiSetE ﬂ@l'll_‘[_iﬁ_jée)@@,\@ﬁ@ﬂ liﬁtbaieédﬁns 5btBNhé Wi@leésSM
Intervals o t he on VOl ut.l on 1 r a Sstar (0] a,.
e e Pt et SEE RE YR SarehSs B d T IR i B et e et &
and sof tware of Whi@h\mTrIjeﬂ@ssirdqssﬂmmnaiachnw fqn\léFE HWQSS@M tlhadsiii RAN
operation t0 a LfsheCEh¥arAbmltioMoRIBSM BRI YE THROMER el Biirhin 3f e

transmt operation, L
P number of LTE TTIs that can be used for transmission and (2) the number of LTE

TTIs that can be used for LTE reception.

e A wireless terminal that recalculates the scheduling maps when any of the input

parameters are changed.

10 e A wireless terminal that either sends the recalculated scheduling maps to the LTE

RAN or sends the changed input parameters

e A LTE network that, if it receives changed input parameters, recalculates the

scheduling maps.

Example advantages of this technology include the addition of functionality to
15  derive wireless terminal LTE RX and wireless terminal LTE TX scheduling maps
describing when LTE data transmissions can happen in-between GSM voice
transmissions. This technology also addresses issues with the fixed timing in the LTE
uplink scheduling resulting in a significantly larger LTE throughput when multiplexing

LTE data transport in a GSM circuit switched (CS) call.

20 Although the description above contains many specificities, these should
not be construed as limiting the scope of the invention but as merely providing
illustrations of some of the presently preferred embodiments of this invention.
Therefore, it will be appreciated that the scope of the present invention fully
encompasses other embodiments which may become obvious to those skilled in the art,

25 and that the scope of the present invention is accordingly to be unduly limited.
Reference to an element in the singular is not intended to mean "one and only one"
unless explicitly so stated, but rather "one or more." All structural, chemical, and
functional equivalents to the elements of the above-described preferred embodiments
that are known to those of ordinary skill in the art are expressly incorporated and are

30 intended to be encompassed hereby. Moreover, it is not necessary for a device or
method to address each and every problem sought to be solved by the present

invention, for it to be encompassed hereby.



13a tinme slot nunber used for GSM voice transm ssions both in an uplink
(UL) 14communi cation across the radio interface (32) fromthe wreless
term nal woaor/dsenl i nk (DL) 15comruni cati on acr oss t hePcadBw10/ni58ss ace
(32) toward the wireless termnal; 16a GSMtine delay difference between
uplink (UL) and downlink (DL) 17tineslots; 18an indication whether a half
rate or a full rate codec is used; 19an indication whether a dual receiver
structure or a single receiver structure is 20used; and 2lan indication of
what type tine division nethod is to be inplenmented. WO

2011/ 073946PCT/ 1B2010/ 055888 32 115. Thg) net hod of claim 14, further
conprising regenerating at least a portion of the 2scheduling map (40) when
there is change of one or nore of the variables or paraneters. 116. The
met hod ofwg angs EE fysiéﬁ?é conprising acquiring at |east one of the

vari abl e y a node of a radio access network fromthe
wreless termnal. 117. Apparatus (28, 30) adapted for interleaved

transm ssi ons lovappaata@(isg30)ddepttdce interleaved transmissions over a radio interface (32)

2 with both a circuit switched (CS) Global System for Mobile Communication (GSM) network
and Long Term Evolution (LTE) network, the apparatus being configured to genecrate a
scheduling map (40), the scheduling map being configured to inform at least one of the circuit
switched (CS) Global System for Mobile Communication (GSM) network and the Long Term
Evolution (LTE) network of time intervals that can be used for data transmissions to or from
the wireless terminal;

characterized in that that a length of the scheduling map is a multiple of sixty or one
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hundred twenty transmission time intervals of the Long Term Evolution (LTE) network.

2. The apparatus of claim 1, further comprising:

a communications interface (52, 42) configured to facilitate the interleaved
transmissions over the radio interface (32);

a communications handler (44, 54) is configured to operate in accordance with the

scheduling map for processing the interleaved transmissions;

o O W N

a scheduling map generator (46, 56) configured to generate the scheduling map.

=

3. The apparatus of claim 1, wherein the apparatus comprises a node (28) of a radio

access network.

4. The apparatus of claim 1, wherein the apparatus comprises a wireless terminal (30)

N

which communicates over the radio interface (32) with a node of a radio access network.

5. A method of generating a scheduling map (40) for use in a radio access network,
the method comprising:

configuring the scheduling map (40) to prescribe time intervals that can be used for
interleaved transmissions over a radio interface (32) to or from a wireless terminal, the
interleaved transmissions to or from the wireless terminal being interleaved with respect to a
circuit switched (CS) Global System for Mobile Communication (GSM) network and a Long
Term Evolution (LTE) network;

the method characterized by setting a length of the scheduling map (40) to be a multiple
of sixty or one hundred twenty transmission time intervals of the Long Term Evolution (LTE)
network.
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2(32) with both a circuit switched (CS) d obal Systemfor Mbile

Comruni cation (GSM 3 network and Long Term Evol ution (LTE) network,

char act erwgedit/a1344hat t he apparatus is 4configured to gecEnmB2020/bis8s8 an
uplink (UL) scheduling map (40) and a downlink (DL) 5scheduling map (40),
the uplink (UL) scheduling map (40) being configured to prescribe tine
6intervals in which a wireless termnal can send information in LTE
transm ssion tine intervals 7across the radio interface (32), the downlink
(DL) scheduling map (40) being configured to 8prescribe tinme intervals in
which the wireless termnal can receiveyjnformation in LTE

9t ransm ssi ontinmei nterval sfront heradi ointerface(32). 118. The apparatus of
claim17, wherein the apparatus conprises a node (28) of a radio

2accessnet wor of claim 17 appar

conpr Leos. a wit ol bguctpef AR 58y amens S aiin b B Sgbdin2RBa Ahy'E o
i nt erRaceofl@2) with afnode (28) of a radiadicaccess 3 metssor k. 120.ncTherk.
apparatus of claim 17, wherein the wirel ess term nal (30) is further
confi%ured 2 to send both the uplink (UL) scheduling 9

downl itnk (DL) 7schBtunsthed plpaipue,) fuﬁé@r@wlﬁ@gﬁmf?ﬁ*ﬁ%ﬁhﬁ é%}é"(i‘?s gomap (40> at
anLTEpvadithaccessnet wor k. 121. The appalkeat us of claim 17, further terminal.
conpri si ng:

1 8. Apparatus (28, 30) adapted for interleaved transmissions over a radio interface (32)
2 with both a circuit switched (CS) Global System for Mobile Communication (GSM) network
3 and Long Term Evolution (LTE) network, the apparatus being configured to genecrate a
4 scheduling map (40), the scheduling map (40) being configured to inform at least one of the
5  circuit switched (CS) Global System for Mobile Communication (GSM) network and the Long
6  Term Evolution (LTE) network of time intervals that can be used for data transmissions to or
7 from the wireless terminal;
8 characterized in that the apparatus is configured to generate the scheduling map (40)
9  using two or more of the following variables or parameters:
10 an offset delay between transmission time intervals of the Long Term Evolution
11 (LTE) network and a start of a GSM traffic multi-frame;
12 a guard delay required by at least one of hardware and software of the wireless
13 terminal to move from a GSM transmit operation to a LTE receive or from a GSM receive
14  operation to a LTE transmit operation;
15 a time slot number used for GSM voice transmissions both in an uplink (UL)
16  communication across the radio interface (32) from the wireless terminal and a downlink (DL)
17  communication across the radio interface (32) toward the wireless terminal,
18 a GSM time delay difference between uplink (UL) and downlink (DL)
19  timeslots;
20 an indication whether a half rate or a full rate codec is used;
21 an indication whether a dual receiver structure or a single receiver structure is
22  used; and
23 an indication of what type time division method is to be implemented.
1 9. The apparatus of claim 8, wherein the apparatus comprises a node (28) of a radio
access network.

10.  The apparatus of claim 8, wherein the apparatus comprises a wireless terminal
(30) which communicates over the radio interface (32) with a node (28) of a radio access
network.



2a communi cations interface (52, 42) configured to performtransm ssions
across the 3radio interface (32) in accordance with the uplink (UL)
schedul i nyorzap/a78Q% and i n accordance 4with the downl i nleCtDBlo1e/03s8ghul i ng
map (40); 5a scheduling nmap (40) generator (46, 56) configured to generate
the LTE transmt 6schedul i ngmap(40) andt heLTEr ecei veschedul i ngmap(40). WO
2011/ 073946PCT/ 1B2010/ 055888 33 122. The apparatus of claim 17, wherein the
apparatus conprises a node of a radio 2access network configured to
receive, across the radio interface (32), one or nore variables or

3paraneters fromthe wirel ess term nal,3ithe node being further

to use the one or 4nore variables or paraneters to generate both the uplink
(UL) scheduling map (40) and t he 5downl i nk(DL) schedul i ngmap(40).

configu

123.

r ed

A

met hod of generating a scheduling map (40) for scheduling interleaved
2transm ssions over a radio interface (32) with both a circuit swtched

(CS) d obal
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Varlables parameters.

1 12. The apparatus of claim 11, wherein where there is the change of the one or more of
the variables or parameters the wireless terminal is configured to send either a regenerated
3 scheduling map (40) or a changed variable or parameter to a node of a radio access network.
1 13. The apparatus of claim 8, further comprising:
2 a communications interface (52, 42) configured to facilitate the interleaved
3 transmissions over the radio interface (32);
4 a scheduling map (40) generator (46, 56) configured to generate the scheduling map
5  (40).
1 14. A method of generating a scheduling map (40) configured to prescribe time
2 intervals that can be used for interleaved transmissions over a radio interface (32) to or from a
3 wireless terminal (30), the interleaved transmissions to or from the wireless terminal (30) being
4 interleaved with respect to a circuit switched (CS) Global System for Mobile Communication
5 (GSM) network and a Long Term Evolution (LTE) network; the method characterized by
6  generating the scheduling map (40) using two or more of the following variables or
7 parameters:
8 an offset delay between transmission time intervals of the Long Term Evolution
9  (LTE) network and a start of a GSM traffic multi-frame;
10 a guard delay utilized by at least one of hardware and software of the wireless
11  terminal to move from a GSM transmit operation to a LTE receive or from a GSM receive
12 operation to a LTE transmit operation;
13 a time slot number used for GSM voice transmissions both in an uplink (UL)
14  communication across the radio interface (32) from the wireless terminal and a downlink (DL)
15  communication across the radio interface (32) toward the wireless terminal,
16 a GSM time delay difference between uplink (UL) and downlink (DL)
17  timeslots;
18 an indication whether a half rate or a full rate codec is used;
19 an indication whether a dual receiver structure or a single receiver structure is
20  used; and
21 an indication of what type time division method is to be implemented.
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5scheduling map (40), the uplink (UL) scheduling map (40) being configured
to prescribe tinme 6intervals in which a wireless termnal can send

i nf or mat WO 20n/A73HE6t ransm ssion tinme intervals 7across Phe/Bzd/0Ss8s) er f ace
(32), the downlink (DL) scheduling map (40) being configured to 8prescribe
time intervals in which the wireless termnal can receive information in
LTE 9transm ssi onti nei nterval sfront heradi oi nterface(32). 124. The net hod of
claim 23, further conprising generating the uplink (UL) scheduling 2map
(40) and the downlink (DL) scheduling map (40) at a node (28) of a radio
access network. 125. The nethod of claiqm 23, further conprising generating
the uplink (UL) scheduling 2map (40) and the downlink (DL) scheduling map
(40) at a wireless termnal (30). 126. Apparatus (28, 30) adapted for
interl eaved transm ssions over a radio interface (32) 2 with both a circuit
switched (CS) dobal Systemfor Mbile Comrunication (GSM network 3and
Long Ter m EvollGt i de (kfhe) of ek &, futthe @pppaisag usgdneiatigg etoladst gposgdntd the
generate i ; | 4 4Q), . heln Lgur ed
Po i nfor e ag e D) TR0 (A o O e LA inl g ER T
Mobi | e Communi cation (GSM network and the Long 6Term Evol ution (LTE)
netwonk of time. i Mhemwalidd dfdlimcrfurtier baeptidiar acdairgtat RASMNS DI Gesvatiables
7fromyt h%é""'PEr%ln%%%t ngf 3y ’h%'g | §fr3] (}a#g%i ?rﬁb%:%jOﬂeﬁv&&atﬁo&rpethgpaf?treﬁgsustelln%nal.
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17. Apparatus (28, 30) adapted for interleaved transmissions over a radio interface
(32) with both a circuit switched (CS) Global System for Mobile Communication (GSM)
network and Long Term Evolution (LTE) network, characterized in that the apparatus is
configured to generate both an uplink (UL) scheduling map (40) and a downlink (DL)
scheduling map (40), the uplink (UL) scheduling map (40) being configured to prescribe time
intervals in which a wireless terminal can send information in LTE transmission time intervals

across the radio interface (32), the downlink (DL) scheduling map (40) being configured to

prescribe time intervals in which the wireless terminal can receive information in LTE
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transmission time intervals from the radio interface (32).

18. The apparatus of claim 17, wherein the apparatus comprises a node (28) of a radio

N

access network.

19.  The apparatus of claim 17, wherein the apparatus comprises a wireless terminal

2 (30) which communicates over the radio interface (32) with a node (28) of a radio access

network.

1 20. The apparatus of claim 17, wherein the wireless terminal (30) is further configured
2 to send both the uplink (UL) scheduling map (40) and the downlink (DL) scheduling map (40)
3 across the radio interface (32) of an LTE radio access network.
1 21. The apparatus of claim 17, further comprising:

2 a communications interface (52, 42) configured to perform transmissions across the
3 radio interface (32) in accordance with the uplink (UL) scheduling map (40) and in accordance
4 with the downlink (DL) scheduling map (40);

5 a scheduling map (40) generator (46, 56) configured to generate the LTE transmit
6 scheduling map (40) and the LTE  receive  scheduling map  (40).



9determne a LTE transmssion tine interval in which to send a scheduling
request on an uplink 10(UL)overtheradioi nterface(32)totheLTEnetwork. 127.
The apparwoustiaf73sbai m 26, further conprising: 2a conmuRCtaB2oaossssss er f ace
(52, 42) configured to facilitate sending of the scheduling 3 request to
the LTE network; WD 2011/073946PCT/ 1B2010/ 055888 34 4a schedul i ng map (40)
generator (46, 56) configured to generate the scheduling map 5(40); 6a
schedul er which operates in accordance with the scheduling map (40) to
determne 7the LTE transmission tine interval in which to send the
schedul i ng request over the radio 8intejface(32)totheLTEnetwork. 128. The
apparatus of claim27, wherein the apparatus is further configured to use
t he 2schedul i ng nap (40) to determ ne when a LTE uplink (UL) data
transmn ssi on cur pe |ng at.i m.ngof a rantfrontheLTE 129.
The. appar atus 201 ol 58 DS ONGHNAI AL R SRa S O HEr™ B0 VgFiP o
use tBe access network configured to receive, across the radio interface (32), one or more variables or

3  parameters from the wireless terminal, the node being further configured to use the one or

4 more variables or parameters to generate both the uplink (UL) scheduling map (40) and the

5  downlink (DL) scheduling map (40).
1 23. A method of generating a scheduling map (40) for scheduling interleaved
2 transmissions over a radio interface (32) with both a circuit switched (CS) Global System for
3 Mobile Communication (GSM) network and Long Term Evolution (LTE) network, the method
4 characterized by configuring both an uplink (UL) scheduling map (40) and a downlink (DL)
5  scheduling map (40), the uplink (UL) scheduling map (40) being configured to prescribe time
6 intervals in which a wireless terminal can send information in LTE transmission time intervals
7 across the radio interface (32), the downlink (DL) scheduling map (40) being configured to
8  prescribe time intervals in which the wireless terminal can receive information in LTE
9  transmission time intervals from the radio interface (32).
1 24. The method of claim 23, further comprising generating the uplink (UL) scheduling
2 map (40) and the downlink (DL) scheduling map (40) at a node (28) of a radio access network.
1 25. The method of claim 23, further comprising generating the uplink (UL) scheduling
2 map (40) and the downlink (DL) scheduling map (40) at a wireless terminal (30).
1 26. Apparatus (28, 30) adapted for interleaved transmissions over a radio interface (32)
2 with both a circuit switched (CS) Global System for Mobile Communication (GSM) network
3 and Long Term Evolution (LTE) network, the apparatus being configured to genecrate a
4 scheduling map (40), the scheduling map (40) being configured to inform at least one of the
5  circuit switched (CS) Global System for Mobile Communication (GSM) network and the Long
6  Term Evolution (LTE) network of time intervals that can be used for data transmissions to or
7 from the wireless terminal;
8 characterized in that the apparatus is configured to use the scheduling map (40) to
9  determine a LTE transmission time interval in which to send a scheduling request on an uplink
10 (UL) over the radio interface (32) to the LTE network.
1 27. The apparatus of claim 26, further comprising:

a communications interface (52, 42) configured to facilitate sending of the scheduling
request to the LTE network;



2 scheduling map (40) to determ ne when an ACK or NACK can be received from
the LTE 3 network. 130. A nethod of generating a scheduling map (40)

confi gur estot2o1t/atBsm at | east one of 2 a circuit sw tchedT(E®)0/GE58s%l
System for Mobil e Conmuni cation (GSM network and a Long 3Term Evol ution
(LTE) network of time intervals that can be used for data transm ssions to
or 4froma wireless termnal, the nethod characterized by using the
scheduling map (40) to 5determne a LTE transm ssion tinme interval in which
to send a scheduling request on an uplink

6(UL) overt heradi oi nterface(32)tot heLTEnet wor K.
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4 a scheduling map (40) generator (46, 56) configured to generate the scheduling map
5 (40);

6 a scheduler which operates in accordance with the scheduling map (40) to determine
7  the LTE transmission time interval in which to send the scheduling request over the radio
8  interface (32) to the LTE network.
1 28. The apparatus of claim 27, wherein the apparatus is further configured to use the

scheduling map (40) to determine when a LTE uplink (UL) data transmission can occur

3 depending on a timing of a grant from  the LTE network.

1 29. The apparatus of claim 27, wherein the apparatus is further configured to use the
scheduling map (40) to determine when an ACK or NACK can be received from the LTE
3 network.
1 30. A method of generating a scheduling map (40) configured to inform at least one of
2 acircuit switched (CS) Global System for Mobile Communication (GSM) network and a Long
3 Term Evolution (LTE) network of time intervals that can be used for data transmissions to or
4 from a wireless terminal, the method characterized by using the scheduling map (40) to
5  determine a LTE transmission time interval in which to send a scheduling request on an uplink
6 (UL) over the radio interface (32) to the LTE network.



