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USE OF THE FP HEADER TO SIGNAL THE RNC THAT THE NODE B
HAS NOT BEEN ABLE TO DETERMINE OR HAS NOT BEEN ABLE TO
ACCURATELY DETERMINE THE NUMBER OF RETRANSMISSIONS 5
BACKGROUND OF THE INVENTION 1. Technical Field 10 The field of
the invention is mobile communications and, more particularly, to
reporting of retransmissions from user equipment to a base station for use
for instance by a serving radio network controller in outer loop power
control. 2. Discussion of Related Art 15 The invention relates to the 3GPP
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(UTRA) and mare specifically to_ the Wideband Cade Division Multiple
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is an enhanced uplink feature used in the Frequency Division Duplex

(F )M U%H:ES ﬂi’\?@%ﬁ cified in the 3GPP and targeted to
3G Cre ea§e : égf?ﬁg 0 . E,Q]tehe Universal Mobile

Telecommunications System (UMTS) packet network architecture
includesiihie.maigy architectural elements of 25 user equipment (UE),
UMTS Terrestrial Radio Access Network (UTRAN), and core network
(CN). The UE is interfaced to the UTRAN over a radio (Uu) interface,
while the ThERAN dnirsfacestienthaadie: beivoicoarna (i edydmparticularly,
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Controller (RNC). Each RNC may be connected to multiple Node Bs

which are the 3GPP counterparts to GSM base
2. Discussion of Related Art

The invention relates to the 3GPP (Third Generation Partnership Project)
specification of the Universal Mobile Telecommunications Systern (UMTS)
Terrestrial Radio Access (UTRA) and more specifically to the Wideband Code
Division Multiple Access (WCDMA) High Speed Uplink Packet Access (HSUPA)
which is an enhanced uplink feature used in the Frequency Division Duplex (FDD)
mode. This feature is being specified in the 3GPP and targeted to 3GPP release 6.

Referring to FIG. 1, the Universal Mobile Telecommunications System
(UMTS) packet network architecture includes the major architectural elements of
user equipment (UE), UMTS Terrestrial Radio Access Network (UTRAN), and core
network (CN). The UE is interfaced to the UTRAN over a radio (Uu) interface,

while the UTRAN interfaces to the core network over a (wired) Iu interface.

FIG. 2 shows some finther details of the architecture, particularly the
UTRAN. The UTRAN includes multiple Radio Network Subsystemns (RNSs), each
of which confains at least one Radio Network Controller (RNC). Each RNC may be
connected to multiple Node Bs which are the 3GPP counterparts to GSM base



1 stations. Each Node B may be in radio contact with multiple UEs via the
radio interface (Uu) shown in Fig. 1. A given UE may be in radio contact
with multiple Node Bs even if one or more of the Node Bs are connected
to different RNCs. For instance a UEI in Fig. 2 may be in radio contact
with Node B 2 of RNS 1 and Node 5 B 3 of RNS 2 where Node B 2 and
Node B 3 are neighboring Node Bs. The RNCs of different RNSs may be
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with both RNCs while traversing from a cell belonging to a Node B of one
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neighboring cells without having to re-establish a connection with a new
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the redundancy version to be used from RSN. Node B can also adjust its
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added and abandoned so that the UE can always maintain at least one radio link to

the UTRAN. This is called soft-handover (SHO).

20 It has been agreed in 3GPP HSUPA standardization that the UE transmits
RSN (retransmission sequence number) on E-DPCCH (enhanced-dedicated physical
control channel) together with data transmission on E-DCH (enhanced-dedicated
channel}. Node B “knows” the redundancy version to be used from RSN. Node B
can also adjust its retransmission counter based on RSN. Furthermore, it has been

25  agreed that Node B reports the number of retransmissions (4 bit field is reserved in
FP header) required to receive the block correctly to the SRNC. Quter loop power
control (OLPC) can use this information to adjust SIR targets and power offsets of

different channels.

30  The RSN is specified to be 2 bits, i.e., it can have values 0,1,2 and 3. It has been
specified that RSN saturates to 3 even if there are more than 3 refransmissions, 1.e.,

RSN takes values 0,1,2,3,3,3 when there are more than 3 retransmissions. If a Node



control (OLPC) can use this information to adjust SIR targets and power
offsets of different channels. 30 The RSN is specified to be 2 bits, i.e., it
can have values 0,1,2 and 3. It has been specified that RSN saturates to
3 even if there are more than 3 retransmissions, i.e., RSN takes values
0,1,2,3,3,3 when there are more than 3 retransmissions. If a Node 2 B
misses (i.e., does not even receive E-DPCCH) first three (or more)
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two transmissions (both with RSN=3), soft combines them and finally
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that Node B receives is with RSN=3, then Node B does not (necessarily)
KR RBTTE RS iR A SATRERWas sent. Node B is able to determine
and therefore "knows" if it receives a transmission from UE with RSN=0,1

or 2. Even_ if those are all incorrect and UE then retransmits with RSN=3
(oreonpesemaribtiknesyladedeoBNedn BoaptoblememewalebtatthetAsihumber

10 Of (12 RSN @%%ﬁ%ﬂ@ﬁé@@ﬂ%ﬁﬁ%ﬁ@&ﬁ%‘ 0123
3 3 Node B receives: - 1 - 3 - 3 20 In this example Node B can count that

the BERIA YN BRYS ?@F&ﬁ%ﬁﬂ%.sﬁ%s@w%n Pdtcite first (RSN=0)

transmission). A hyphen (-) indicates that Node B completely missed that

traherfghia AL ledo otirRe rek Bl ars NP Btseiqives a transmission from

UE with RSN=0,1 or 2. Even if those are all incorrect and UE then retransmits with
RSN=3 (one or several times), Node B can count, i.e., can caleulate, the number of

15  retransmissions.
Some examples follow:

UE iransmits RSN: 0 1 2 3 3 3
Node B recetves: - 1 - 3 - 3

20  In this example Node B can count that the actual number of retransmissions is five
(after the first (RSN=0) transmission). A hyphen (-) indicates that Node B
completely missed that transmission, i.¢., could not decode RSN or E-DPCCH
where RSN is sent; 1 above indicates that Node B received E-DPCCH correctly and
read RSN=1 from there, but did not decode the data on E-DPDCH correctly and

25  therefore requested retransmission; second and fourth retransmission was missed
completely (even E-DPCCH); a third retransmission (RSN=3) was received and
combined with retransmission 1 but the data was not yet correct; finally, a fifth
retransmission when combined with the first and third retransmissions resulted in

correct decoding of the data and an ACK was sent to the UE and correctly received



where RSN is sent; 1 above indicates that Node B received E-DPCCH
correctly and_read RSN=1 from there, but did not decode the data on

data verppRiClq doiecti) did 98aHEREIBI R gheER AT HARGN S8R Sacort 01) was

reportéch It 1eigansmission was missed completely (even E-DPCCH); a
third retransmission (RSN=3) was received and combined with
retransmission 1 but the data was not yet correct; finally, a fifth

A secSRHRRRYRSIBNIWAEN combined with the first and third retransmissions
resulted’in correct decoding of the data and an ACK was sent to the UE
and correctly received 3 data was sent to RNC (in FP data frame) and

UE 12D OR EMRQ retrags'’t5{=9101) was reported in the FP header. A
second example follows: UE transmits RSN: 0 1 2 3 3 Node B receives: 0

Node B-rge8ivasthis exampfe Node B éan count that the actual number of

In thisfg”a”Sl%‘é%%h%“é%&%%&ﬁ%&@ﬁfﬂ‘f*%&?@? IQllgws; ME transmits Reh; 0123
3 Node B receives: - - - n this |rdnexamp e Node B '¢anno
necessarily count that the actual number of retransmission is 4, and it is

A thirt exrg;lorl% ﬁﬂ}or\\%gessarily able to accurately indicate the number of
retransmissions’in the FP header. If the number of transmissions is limited
to say five transmissions (i.e., four retransmissions), then in the last case

UE Node B% ws that ?3@6 as, been 4 retransmissions and can report this.

TAHETS SR Example Of why'wé cannot always rely only on RSN received

Node BBagedizdo decide whether Noode B knows or not (i.e., there can be some

additional information available (max number of transmissions in this

I thig, Sisley “BRCLGSURE ESRIRVRIGTIEN EnTBURini8Rts BF g PrbsBHmber of
retrandAVESTHAN SELKDIPIO VSR BORION:t:HABIBDMIE to accurately indicate the number

of retransmissions in the FP header. If the number of transmissions is limited to say five
transmissions (i.e., four retransmissions), then in the last case Node B knows that there has
been 4 retransmissions and can report this. This is an example of why we cannot always rely
only on RSN received from UE to decide whether Node B knows or not (i.e., there can be

some additional information available (max number of transmissions in this exampie)).
DISCLOSURE OF INVENTION

Embodiments of the present invention seek to provide a solution to the above

described problem that can be applied to that situation and to similar problem situations.

Node B operation may not be defined in the above third example. It could try and
guess when the transmissions started. If it does, the guestion arises whether the RNC should

be informed that this is an estimate or simply that it could not be determined



described problem that can be applied to that situation and to similar
problem sjtuations, Node B operation may not be defined in the above

tHiRtF &3EiiI8. Hrctind ry st aeds iR the tririsSions Sanedolreen able
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an estimate or simply that it could not be determined 4 The idea is to use
the FP header to signal the RNC that the Node B has not been able to

defermine @rdps pehbegnabledo acewaisly deteuoe the AWMBRIRl codeword

retransmissions. One way to do may be to reserve one ‘Number of HARQ

on therbtpafiamisBiois ot ddawodri RoMhehgats 9 dmid disis dBRDATIE Briggsmot know the
actual g%;ﬂ;'&%gj&%igg@gdg‘ode B does not know the actual number of

retransmissions. Another way may be to define a one bit flag on lub/lur FP
DATA FRAME header to indicate that the value set in the Number of
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retrans' field is reserved and the second way is to add a.l hit flag to that
set. TR NHER MM ould b SO ndiiac O SPartl S B HER el ohnd ode

knowdlestimasemayi havéthemadvapiags, hahoe addiienalbiteasenesdedn both cases.
whereas the second way has the advantage that some (althou

h
The difdreinasdryaeshsateshtme #Hishibe SRR AR IO B Perpig Where
Node #3diianta e dadndeaardingienneih waysdiaweveh Hereviabhe code word of

means for Node B to indicate to RNC that it does not know the actual

Numgifrhiger Srediahshsissivrscns frisntibreacapevenvid s T bit flag to that (and

that flag could be sent instead of *spare’ bit in the FP header).

The first way may have the advantage that no additional bits are needed whereas the
second way has the advantage that some (although unreliable) ‘guestimate' of the number of

retransmissions can be given in addition to the flag.

According fo both ways, however, there may be means for Node B to indicate to RNC
that it does not know the actual number of retransmissions. As mentioned above, one way is
to reserve one code word and another way is to add a 1 bit flag to indicate that fact.

In a first aspect of the mvention, there is provided method comprising: receiving in a
base station over a radio interface from a user equipment a retransmission sequence number
signal having a magnitude indicative of a number of retransmissions of data from the user
equipment to the base station wherein values of said number are limited to a first range,
determining in the base station if the base station has received a retransmission S;equence
number but has not been able to determine or has not been able to accurately determine the

5



to reserve one code word and another way is to add a | bit flag to indicate
that fact. In a first aspect of the invention, there is provided method

numbel g JRERRFIHSSONINGIA seipeie et ar Beabrscistativrdor drrnamisaion on a
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indicative of a number of retransmissions of data from the user equipment
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from fANGE, gﬁ{ﬁgﬁyﬁy@gt}&%@%ﬁ&pﬂon if the base station has received a

retransmission sequence number but has not been able to determine or
hds Aotcbeeh atslectoradbarameindeteriwine theBvidathéasst station, comprising: a
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transmission on a frame protocol data frame header t0 a serving radio

numbgretigoek ontpHensgrindicatedibati the fhaserstatiohrdoassmitthaveof data from the

user el n&?ﬂr@é’%{qg &1%%”3:[5@ r%ta cét)%a‘lwﬂgrn&tl)%e\;a tflesa(l) gglt(riar? Aber Ia%gﬁi%fit e%t?o g?{rnst range,
the'user equipment 1o the base station.’In a’second aspect of the

a detimrentioripthdeteisyprogded basestatiomtioamidridiagbasaregaivar fbsis received a
receiving over a radio, interface from a user equipment a retransmission

reran A e BT SORal RaUG 'S Pgr G AT TP opumber of

retranseitssismiasions eldada fooneibainsetcaglinfentiathe Base latidRme protocol
Whergtin %qalues of said number are limited ﬁ) a first range eterminer

a
data TigG AEIHTRING TR IASESSRT AR BALE dihtitpoAksthat disdse siation does

not hAetranBMISSION Seqyence:-niumbanbet Basnotbeanabladasascuiatedbm the user
. determine the number of retransmissions and, a selector for selecting

SqUIPREN ARG F BRI sion on a frame protocol data frame header to a
sefvingniadighearkheoniroies 0 indicatethatdhe Bassstatinha8s: 1ot a base

. have information about an actual number of said retransmissions of data
Statiofy GTPIRESREr A dfSRIER tor the Base Stiicn il thiFdeas Hier griH equipment a

retrandAYRORRN LRBERIS PRAMIASAYSIEMCAMRIISING (AR BRS8N & number of
comprising: (i) a receiver for receiving over a radio interface from a user
retranggifpifent adiripshiksisies equemE himiberbsrnsrHavind ersingaitede! said
numblURAHNEOF GNHMOEf AL LQHANNSSIANS AR HAM IS AHE! GAYDIMEH if the
to the base station wherein values of said
base station has received a retransmission sequence number but has not been able to
accurately determine the number of retransmissions; and (ii) a selector for selecting for
transmission on a frame protocol data frame header to a serving radio neiwork controller to
indicate that the base station does not have information about an actual number of said
retransmissions of data from the user equipment to the base station; and (b) user equipment
connected to said base station by a radio link for transmitting said retransmission sequence
number signal to said base station.

In a fourth aspect of the invention, there is provided radio network controlier for use
in a network including a base station and user equipment having a radio link therebetween,
comprising: a signal processor adapted to be responsive to a frame protocol data frame header
from a base station for providing a control signal for a control function; wherein said header
includes signaling to indicate the base station does not have information abouf an actual
number of retransmissions of data from the user equipment over said radio link to the base

station, a transmitter, responsive to said control signal, for providing an output control signal

to said base siation for said control function.
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number are limited to a first range; (ii) a determiner for determining in the
b o if t S S S
e EReIR, B e MBS in he
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hmﬂedﬁmbempflﬁhldﬁreemansmlssions of data from the user equment to the
base station; and (b) user equipment connected to said base station by a
radio link for transmitting said retransmission sequence number signal to
BRIEBaG basasratonOn BB Uk aspeasof the invention, there is provided
radio network controller for use in a network including a base station and
user equipment having a radio link therebetween, comprising: a signal
FIG. Rrogesser agdapieskte beresponsiveteairame priogplatatiramerersal Mobile
header from a base station for providing a control signal for a control
Telecogyensicatipisrerseaid HEAERr includes signaling to indicate the base
station does not have information about an actual number of
retransmissions of data from the user equipment over said radio link to the
FIG. bl eationiutherisitteplrésgorsibasaisatesmidhsipnar #or gYbliding
an output control signal to said base station for said control function. 5a
Although the present specification discloses embodiments of the invention
FIG. jfpthdoporastdianiivn proleamentneg ene HEOUAXGidstenhsedpiould be
realized that the core concept is applicable to other situations in wireless
interfaces and not limited to HSUPA and not limited to the uplink
FIG. dirgctonBRIEF DESCRIPT ONGF THEDRAWING FIGVedhawsrthag to a first
acket ork architecture for th rt Universal Moh
erbo B, S IR 0 L SN TR e gy ghasine te
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FIG. 3(c) shows a spare bit used, according to a second embodiment of the present invention,
to carry out the above-mentioned second way of using the FP header to signal the RNC that
the Node B has not been able to determine or has not been able to accurately determine the

number of retransmissions.

FIG. 4 illustrates an embodiment of a system including a combination of devices acting
cooperatively, including a base station shown with details illustrating aspects of the present

invention carried out therein.
FIG. 5 shows the Radio Network Controller (RNC) of Fig. 4 in more detail.

BEST MODE FOR CARRYING OUT THE INVENTION



FIG. 3(b) shows the FP Data Frame header with a codeword reserved,
according to a first embodiment of the present invention to carry out the
above-mentioned first way of using the FP header to signal the RNC that
the Node B has not been able to determine or has not been able to
accurately determine the number of retransmissions. FIG. 3(c) shows a
spare bit used, according to a second embodiment of the present
invention, to carry out the above-mentioned second way of using the FP
header to signal the RNC that the Node B has not been able to determine

or has notlh&wildpiestel abdn mahzddinifinetad fraumisenctre shown in Figs.
retrapgisaio BN dilsatesRnsreRacimen): oka SYysie pLRGINAING Brure

combination of devices acting cooperatively, including a base station

shoW WtFEaicembe Adanie A pudi s RRarrss hthaantion hal- Ay out

ShersrelbGatér.shows the Radio Network Controller (RNC) of Fig. 4 in
more detail, BEST MODE FOR CARRYING OUT THE INVENTION 6 It
should first of all be realized that the exact frame structure shown in Figs.

3(a)-(c) arBimefehsiistrapivasibledidrecipvdatiar(F8 nutate(terbeitipbtiadisr
strugiurensiRowR HareLrLaaRh RA AUARRERCEARAING A ENFNARSINHNE,, the

structure that may 5 develop later, FIG. 3(a) shows a possible frame
profSte | trB) M Pt R Rbepapb P EaseHisoRad Heksfe needed.
10propeserdiing the: FPénbtaticiand zedio mpsecsiss elibelahthgefielehiNumof
HARQ retrans' tells.th r.of retransmissions that were.needed. 10
T B R S R Y e b Rererems
have special value to indicate that Node B does not know the number of

retransmiggjonSiafce! INFBREEn 3G AW dBdeliord il 1Mo d 1 ke
1110 (1111 mbe reserved to indicate that the block was not received

corfE¥tySvenfitaHiaa Hislosk W& sptrsReiidserme)ticine 58 Fegan manber
15t0 indigatentfsiothp saumber RErediaBSAREIe ABalShe number of retransmissions is

unknown. It is best to reserve the codeword from the upper end because it is unlikely

that 14 or 15 retransmissions would be allowed/required.

An advantage is that Node B need not guess the number of transmissions but
20 it can simply inform that it does not know. OLPC in SRNC can then take this into
account, e.g., by discarding the information. OLPC also knows that at least 3
retransmission were required and that Node B missed the first three (otherwise Node
B would know the actual number of retransmissions). The SRNC can then use the
signalling contained in the header for control purposes, for instance to make a
25  decision related to one or more of its radio network control functions such as but not
limited to controlling the power of a radio link between the base station (Node B)

and the user equipment.

Another advantage is in a case where the UE is in soft handover (SHO) and
30 different values are set to “Nurnber of HARQ retransmissions” in received FP

DATA FRAMESs from two or more Node Bs; if one of them has the proposed



unknown. It is best to reserve the codeword from the upper end because it
is unlikely that 14 or 15 retransmissions would be allowed/required. An
advantage is that Node B need not guess the number of transmissions but
20 it can simply inform that it does not know. OLPC in SRNC can then
take this into account, e.g., by discarding the information. OLPC also
knows that at least 3 retransmission were required and that Node B
misged the JH&%&J&%%G@&‘G%‘%% 1 G e ByQuid ko the actual number
of retransmissions SR len use the signalling contained in
theiR&&efer for control purposes, for mstance to make a 25 decision
related to one or more of its radio network control functions such as but
not Iimitegd’g“éi ;ollrng the power of a radio link between the base

station (N R AUTE PSF U BHICRAGHE: s Aiigens e de Baean

swh eeﬁdrda’ibhﬁn&nﬂmffoln étNdmher ¢PHER Qreratclifidsan wtadies ‘asensat.to
"Nupgher gg iif&i% @écs%se elvedlff %’é&ﬁé&ﬂ ESlomy
two or m B one O propose reserveé

coor@wmism@arg W@@mwoﬁgwh@wmm CEViahng sends
instgag: 4 shouldipe noted doweusrdhal IsemedRHS: cagess different

Node Bs can .5 send different values for "Number of HARQ

retBRSRHESBHMATRTEhinnarertng Rapddode %Qgewswaascer and
10receivesrilaét paBREC with tWWenitansnizsiipscandsforvarssthashiants RNE to

with.~ ber of H retran Q a e ds A K to If thi
ACI slﬂfﬁ|S|nterpmréftggk>l 25N %ﬂ?mﬁﬁ %&‘%ﬁ% %% urﬂneces&élar '#5(6 it
retrégsarmténtes fdket and now Node B2 receives it correctly and 10
forwards it to RNC with "Number of HARQ retransmissions" = 2 and sends
ACK to UE. This is normal behavior and RNC should be able to handle
this and taRE i HSPars GiarIpcpakstisent of the present mvention with a new
15 way of using the frame protocol (FP) header (part of the header) for E-DCH. For

example, in the current FP specification, where there is one byte that firstly consists
of a three-bit “Subframe number,” a four-bit “Number of HARQ retransmissions”
and a one-bit “Spare bit.”” According to the second embodiment of the present
invention, the proposed one bit flag could use the 1 bit spare bit. The proposed one
20 bit flag takes a value 0 or 1. As an example, the value “0” in the flag could indicate
that the reported “Number of HARQ retransmissions” is a correct value and the
value “1” in the flag could be used to indicate that the reported value is only an
estimated value. It should be noticed that this 1 bit flag could also be placed in some

other position in the FP header. The “spare’ bit was just used as an example.

25
Node B sets “0” in the flag in the forwarded FP DATA FRAME to the
Serving Radio Network Controller (SRNC) in case the first packet that Node B
decodes successfully (i.e. Node can read RSN of the packet) has RSN=0, 1, or 2, and
- the decoded packet is correct; or
30 - the decoded packet is not correct and when Node B receives correct packet

which is retransmitted later after the reception of the first decoded packet.



FIG. 3 (c) shows a second embodiment of the present invention with a
new 15 way of using the frame protocol (FP) header (part of the header)
for E-DCH. For example, in the current PP specification, where there is
one byte that firstly consists of a three-bit "Subframe number," a four-bit
"Number of HARQ retransmissions” and a one-bit "Spare bit." According
to the second embodiment of the present invention, the proposed one bit

flag could s Hc.d bl“”%ﬁ?% t#%é il'i‘f‘?e R&P@%ﬁeﬁﬁ%@%}%ﬁﬁﬁ@%ﬁgg in

value 0 or 1. As an example, the value "0" Icate

thecpepBrdustitarkpidp oMiPARR rshdisnrssrsfidhyiéig dipfscavanad BRY of

themvalged HastReflag egwld be used to indicate that the reported value is

only an esﬂén%ted value, It should be noticed that this | bit flag could also
S
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read RSN BEMESpacKEEy fermativeHattheNpdaiconicsioshédpaekbe is

cokgel RL8R i desesed packet is not correct and when Node B
receives correct packet which is retransmitted later after the reception of

the first decoded packet. 8 Node B sets "1" in the flag in the forwarded PP
10 DATA FRAMBoSERNCthe seasel dwbfidsingackettibptcdiad mBgteendesht the

suceRssf i%/d]&gwl\kq e can read RSN dg&g acket) has RSN=3 -
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that the Node B could use to determine the
15 Another advantage is in a case where the UE is in soft handover (SHO) and
different values are set to “Number of HARQ retransmissions” in received FP
DATA FRAMEs from two or more Node Bs; if one of them has the proposed
flag=0, RNC is able to kmow which value is the correct value from the flag.

20 Fig. 4 shows an embodiment of a system Including a combination of devices
acting co-operatively to carry out the invention and, more particularly, shows a base
station (Node B} in such a system in more detail. A user equipment 40 is shown
sending a retransmission sequence number signal on a line 42 to a base station 44
which has an input/output (1/O) device 46 responsive thereto. The /O device 46

25  provides the retransmission sequence number signal on a line 48 to a receiver 50.
The retransmission sequence number signal has a magnitude indicative of a number
of retransmissions of data from the user equipment to the base station. The values of
the number may be limited to a first range such as 0, 1, 2 and 3, i.e., the
retransmission sequence number may be limited to two binary bits and be only

30  capable of indicating up to four retransmissions but not more than that because of
the limited number of bits available. The receiver 50 provides the refransmission

sequence number signal or the value thereof to a determiner 54 which determines the



number of retransmissions. 10 An advantage of the second embodiment
of the present invention is that the SRNC can know if the reported
number of HARQ retransmissions (in the "Num of HARQ retrans" field is
a correct value or a value estimated by the Node B. The information could
be useful for improving OLPC (Open Loop Power Control). 15 Another
advantage is in a case where the UE is in soft handover (SHO) and
different Va#ﬁjﬁes are set to "Number.of HARQ.retransmissions" in received
TR0 F RS TR thG OO R B Bt BT ST HES Reroed
propdsedadiageuddRIGe Snabit 4o daabonwitieh valuéisstnes casrectheabube
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combination of devices acting co-operatively to carry out the invention
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B Oy BB e R R iRe T30 B AtbR
pravidesithdmairansalissidhtseduencitieuf?bir sigsalismoa inhdBNEa
receiver 50. The retransmission sequence number signal has a
magnitude indicative of a number of retransmissions of data from the user

equipmeHyaraE: horbethiid A aprls givasip e ensmatangg Backerand
10 t0 gchirshI ange @ishnasOsdddanches fattHaa selranssnipaioaceRgEance

number may. be limited to two binary bits and be only 30 capable o
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determiner 54 which determinés the 9 number of retransmissions. It can

eashy vigehmapiantsirscabe esednplesl geseipeacoriing BRKEFund of
15 the:hysmtion: SealieRebaKs SYeR RbeRMRLARFSNNEIRBS Lpsr: Hielilp

has received a retransmission sequence number with a maximum vajue

selector according to the second embodiment. The selector 58, according to the first
embodiment, selects a reserved code word which has been reserved from among a
plurality of code words having values in a second range which is greater than the
first range available to the user equipment. For instance, although the user

20  equipment may be limited to two bits, the code words available on a base station for
reporting to higher levels in the protocol hierarchy may have four bits allocated for
that purpose. As suggested above, the reason for this is that the Node B may be able
to actually ascertain the actual number of retransmissions e.g. beyond three (in a
reliable manner) or it may be able fo use other information available to it to reliably

25  estimate the number of retransmissions. Thus the values of the code words may be
indicative of an actual or estimated number of retransmissions of data from the user
equipment to the base station. The reserved code word is used if such an actual or
estimated number was indeterminate or if such an estimate would be unrelizble. The
reserved codeword is selected by the selector 58 and an indication thereof is

30 provided as a signal on a line 60 to the transmitter 62 which in turn transmits a
signal on a line 64 to an input/output device 66 with the reserved code word. The VO

device 66 in turn provides a signal on a line 68 with the reserved code word in a
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of the above-mentioned range (0, 1, 2, 3). In such cases, the receiver 50
or some 5 other related entity (such as the determiner 54) can provide the
accurate retransmission number into the "Num of HARQ retrans" field in
the header and transmit a frame on a line 51 to a transmitter 62 for
transmission to the RNC. However, for the third example given in the
above-mentioned Background 10 section, if the determiner 54 determines

that the base station has received a retransmission sequence number for
et S TR e R SRR S e
unabtevtoededer mivecgncantabstel bibe @B cuntot aetramgrRiNSioths RINC 70

proviges asigaal ancadingpddngicative.9tthal fRRL IR AGRISHIOLRB i Rich

may for instance be a code word selector according to the first 15
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Dit fiagniseletine Rocasdigdastbbdsecend embedisanihasnlesios B8iion.
accqrging to.the first, embodiment, selects a reseryed code word which
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a seeonehengdopicteisigrestientifaniie Wdiawitbet amvayatherttitbasere
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to two bits, the code words available on a base station for reporting to

higHf@FIEdERE TSP BRI LSITEFATERPRHAY Pra b dt b fstaitdé shelbplso be
1athatrpalipoiskaribeRiggesteddabovssribpipasendomibisdmihatithe MedeB

may,be able to actuyall certain the actual number of retr ission

oo R e R e B e S e

inforpnatowmaldiaisks it reliably 25 estimate the number of

retransmissions. Thus the values of the code words may be indicative of

an actual gr estimated number of retransmissions of data from the user

equipmentitheiisiedeasabiredie fhe Sreirsaddoder i stried may o carried
15actuak &f seftiaralas duird)oF was itdataininate ayffaucihanesinai@or

would be un?‘ia . The reserved odlgowo d is,selected b ge selector
e b e e el ey e e e
transmalidtes 62nvimghimanmrtdgrtsheitse:. Or, the functions thereof could be carried

out by execution of code stored in a computer-readable medium.

20 Fig. 4 1s also useful in describing the second embodiment of the present
invention. After receiving the signal on the line 52 from the receiver 50, the selector
58 selects a *“1” bit for the spare bit as well as the value of the count for the “Num of
HARQ retrans.” The selector 58 selects a “1” bit for the spare bit to indicate that the
count for the “Num of HARQ refrans” is only an estimate. In cases where the

25  determiner 54 determines that the count is accurate, it can so inform the selector 58
and the spare bit flag is set to “0” to indicate an exact number of retransmissions is
indicated in the “Num of HARQ retrans” field.

Referring now to Fig. 5, the RNC 70 of Fig. 4 is shown in more detail. It
30 includes a signal processor 80 responsive to a frame protocol data frame header
signal on a line 82 from a receiver 84 which in turn has received the frame protocol

data frame header on a signal line 86 from an input/output device 88 connected by a

11



signal on a line 64 to an input/output device 66 with the reserved code
word. The UO device 66 in tam provides a signal on a line 68 with the
reserved code word in a 10 frame protocol data frame header to a radio
network controller 70 which may be a serving radio network controller. If
the RNC 70 is not a serving RNC, the RNC 70 sends the reserved code
word to the serving radio network controller over an lur interface to

indicate se stat es not have inf matlon a actual 5
num’ﬁnrloﬁ%gaﬁe %ﬁzqriﬁgskg%g SHIERSFOM !H ey @uﬁ’ﬁ’?ﬁé %%8 sader
basostgtio hasasthbom ihthe deabpretasion Upis Snowsowitltdumctichadbiooksen

for pLHRASES Qi CALYIRGRY LS IRIERENL VRN 0B ibdlLha [galizgddhat

many other functions are carried out in the base station"and only those
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blogks Ihisiraiedmay HeLatisdainC Uil QAUMARLE D HAWAre. g?&é%ﬂ&ata

combination of software and hardware. For instance, a chip 75 is shown

in H1gT% hseslibiman B freraied it pnipriniedesise 58, byihatseciver 84 or

10comtisigddrpest éeieoselau CHigHil ;&&rcdﬁaﬁumnmeszﬂg%ﬁ%mg&m §IARQ
carried qu X utlano code stored.in ter-readable. medi
20 E:%an é gﬁéo Lﬁ%((%e oteeéfa:cr:l I 8" ﬁgl ac%%ﬁléﬁﬁ dF Fﬁg?ﬁsgﬁﬁléms ythe
pressnegnipareio A0 Mténe tesertrigid Gig st oorthedirie 5diftdmethienated) and
receiMRisad, a%%ﬁ‘o?ﬁ‘l@t%t%néé SEIRGS: P }E'ﬂ%éoﬁ{ﬁl% F&@F@e@'&oad% Welhas 11 or

the value of the count for the "Num of HARQ retrans.” The selector 58

selddd & veedipadispicdhalthe hags Vefiereasaofiievesehiatis wiamation on
15HAREhRRNST istamkhARiestinatBeyindase swharpdne e terRingtindvy
det rrre}%efot at the a(iount is aCCé,Il’ate it can so inform the_selector 58
the signal processor 80 uses that fact in any appropriate manner fo
perform some function. Or, according to the second embodiment, if the spare bit flag
is set to “0” it is informed the count contained in the “Num of HARQ retrans™ field
is accurate and if it is a “1” that it is only an estimate. What is important here is the
20 fact that in some cases the signal processor 80 can be made aware of the fact that
there have been a number of refransmissions but that the number is not known
accurately. In the first embodiment only the fact that there is no exact number
known is reported and no estimate is provided. In the second embodiment an

estimate is provided along with the information that the estimate is just that, i.e., an

25  estimate.

Although the invention has been shown and described with respect to a best
mode embodiment thereof, it will be evident to those of skill in the art that various
other devices and methods can be provided to carry out the objectives of the present

30  imvention while still falling within the coverage of the appended claims.

12



and the spare bit flag is set to "0" to indicate an exact number of
retransmissions is indicated in the "Num of {ARQ retrans" field. Referring
now to Fig. 5, the RNC 70 of Fig. 4 is shown in more detail. It 30 includes
a signal processor 80 responsive to a frame protocol data frame header
signal on a line 82 from a receiver 84 which in turn has received the frame
protocol data frame header on a signal line 86 from an input/output
device 88 connected by a I1 signal line 90 to the Node B 44. In response
to the frame protocol data frame header from the base station, the signal
processor 80 performs some control related function and then provides
an pytpgirgignal which may be a control signal on a line 92 provided to a
transmitter 94 which in turn provides an output control signal on a line 5
96 to the input/output device 88 for transmission on the line 90 to the base
station 44ictheibasepsiatign 44 uses the control signal to control for
instance tpe%gower oq? the radio link 42 hetween itzglf and the user
equipment 40" ThENDEE SHIE S8 Tt A ERaror e Mh T BRRIARES
retrehigtifislkticn ntgirvede nunbdr sigre iothop b datenifrdmindieatieronaydeber
XA RS IAPH LA R AT B INEL ORI BLAL AL e i
processor 80. The signal processor uses the flag and/or "Num o
retriesERMS WEth itRdeddafsvtearigtated number of

retransmiggigns:yethemy SasCamiMaNh 404 thaibiagss statinRady (or that

none can be.reliab!}/ estimategt())ﬁért\ selects an_appropriate control action
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the UE 48 B e g B S rolocar
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co tain§d in.the "Num, of HARQ retrans" field is accurate and if itis a "1"

that At BMIPE HSEE FRHRB e IS BATB SFERRhere is the

2. The method of claim 1, wherein said signalling comprises a reserved
codeword reserved from among a plurality of codewords having values in a second
range greater than szid first range, said values of said codewords being indicative of
a nuinber of retransmissions of data from the user equipment o the base station, said
reserved codeword for transmission on a frame protocol data frame header to a
serving radio network controller to indicate that the base station does not have

information about an actual number of said retransmissions of data from the user

equipment to the base station. .

3. The method of claim 2, wherein said reserved codeword is 1110.

4, The method of claim 2, wherein said reserved codeword is 1111.

5. The method of claim 2, wherein said reserved codeword is reserved from an

upper end of said second range.
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20 fact that in some cases the signal processor 80 can be made aware of
the fact that there have been a number of retransmissions but that the
number is not known accurately. In the first embodiment only the fact that
there is no exact number known is reported and no estimate is provided.
In the second embodiment an estimate is provided along with the
information that the estimate is just that, i.e., an 25 estimate. Although the
invention has been shown and described with respect to a best mode
embodiment thereof, it will be evident to those of skill in the art that
varibus offfermiehicbst ahitmigihbasioanibe-praidebiatasi Y 8RR station

objectives of resent 3Q inventi hile still falli ithin_the coverage
ot O e RS AR P eiving I

a b&seestarior e iamadivienekfiite frone beader sgdipanent aaid flag bit being
reUHIRBIRYSN PG IR AL TR fealanal AW GA Mashithig. Rl catie of
a number of retransmissions of data from the user equipment to the base

stafF AR efHTRTSRISE s o4 dptfBr aresArmaipwret i shedagrstation is

detecmihingHethiamitase station if the base station has received a
retransmission sequence number but has not been able to determine or
has not been able to accurately determine the number of retransmissions,
and’ selecthagp stghieitlingpipribiadase station for transmission on a frame

protocol d3adRAMeNeaten P3RS Eﬂ{@&d&s%%%%g%%ktﬁ Rt a

indicate that the base station does not have information a n actual

nur PSSR AL FERERE Denakliaiuhs thesoiededgdipniienete meber
base statiasmBsibhednethaebaf glained cydiarrin sritkYsnalingcompLises

areserve co(gewq)rd res rv.c%d f{om mong a plurality of codewords
values of sald number are cfm:n ed to a first ran%e
having values in a secon ’

a determiner for determining in the base station if the base station has
received a retransmission sequence number but has not been able to accurately
determine the number of retransmissions and,

a selector for selecting signalling for transmission on a frame protocol data
frame header to a serving radio network controller to indicate that the base station
does not have information about an actual number of said retransmissions of data

from the user equipment to the base station.

8. The base station of claim 7, wherein said signalling comprises a reserved
codeword reserved from among a plurality of codewords having values in a second
range greater than said first range, said values of said codewords being indicative of
a number of retransmissions of data from the user equipment to the base station, said
reserved codeword for fransmission on a frame protoco! data frame header to a
serving radio network controller to indicate that the base station does not have
information about an actual number of said retransmissions of data from the user

equipment to the base station.

G. The base station of claim 8, wherein said reserved codeword is 1111.

14



range greater than said first range, said values of said codewords being
indicative of a number of retransmissions of data from the user equipment
to the base station, said reserved codeword for transmission on a frame
protocol data frame header to a serving radio network controller to
indicate that the base station does not have information about an actual
number of said retransmissions of data from the user equipment to the
base statign. . 3. The method of claim 2, wherein said reserved codeword

is 11%0. 4PYREFHIOH Yreitims oV ivreiretald argeraed ardaveaddnbitis

1111. 5. The method of claim 2, wherein said reserved codeword is

reserved an er ng:i .0of said second range. 13 6, The method of
clai‘lraé'l, W g?é?ﬁessald{é Seleé flﬁiélgr%qéefﬁ%ﬁ ’i‘ﬁlf{wr St §f’§ﬁ3’r‘i’r%§rﬁ?§ﬁ§v€§l from
seleetingeaapdioé i sefierfbinforn among a plurality of bits in a codeword
of said frame protocol data frame header, said value of said flag bit being

indicative of whether a value for transmission in said header indicative of

thelhumide SesediaHenrésisie Drmeinsrdneier fonerlssimnsigniiing in

basBeyaiemifbrodiphiREansestipete: #iRase SN EARE SIAG o among a
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determiner for determining in the base station If the base statton has

re R B FATEAI S B8R BEBFE R ce number but has not been able to
accurately determine the number of retransmissions and, a selector for

selecting §}I,g{ggﬂlggn§g{igggsmlssmn on a frame protocol data

{a) a base station, comprising:

(i) a receiver for receiving over a radio interface from a user equipment a
retransmission sequence number signal having a magnitude indicative of a number
of retransmissions of data from the user equipment to the base station wherein
values of said number are limited to a first range;

(i1) a determiner for determining in the base station if the base station has
received a retransmission sequence number but has not been able o accurately
determine the number of retransmissions; and

{ii) a selector for selecting for transmission on a frame protocol data frame
header to a serving radio network controller to indicate that the base station does not
have information about an actual number of said retransmissions of data from the
user equipment to the base station; and

(b) user equipment connected to said base station by a radio link for

transmitting said retransmission sequence number signal to said base station.

14.  The system of claim 13, wherein said signalling comprises a reserved
codeword reserved from among a plurality of codewords having values in a second
range greater than said first range, said values of said codewords being indicative of

a number of retransmissions of data from the user equipment to the base station, said
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frame header to a serving radio network controller to indicate that the
base station does not have information about an actual number of said
retransmissions of data from the user equipment to the base station. 8.
The base station of claim 7, wherein said signalling comprises a reserved
codeword reserved from among a plurality of codewords having values in

a second, range greater than said first range, said values of said
coﬁ%%?&scgggﬁvdgﬁfdaﬁfatﬁ%@fsﬂ%?ﬁ@e Beraieshldabri Breeadeois 2

thearsigeqdipmenide habese siationataitaresenad socanwersk iR have
tranvjmission Oﬁ a frame?é)rotoc | dr?)éa frame header to a serving radio
f

nellSFRRA R AP A AGTtATE Bridd SHansgHeE Rt drig &om the user

infegjmighentabokt dasastuadmumber of said retransmissions of data from
the user equipment to the base station. 9. The base station of claim 8,
wherein said reserved codeword is 1111. 14 10. The base station of claim

8, Whereifigaigsiesesvethtndeywoldrisd 340 rédartbie DA StAtIONQf claim
8, wherein said reserved codeword is reserved from an upper end of said
second range. 12. The base station of claim 7, wherein said selector for

selgicting Bigrahitegniof tharbageshatian eampsisesa seleciorder selgcting
a value for a flag bit from among a plurality of bits in a codeword of said
frame protocol data frame header, said value of said flag bit being

indigativeTokwheatheoadiaiue ioriransmissioribrsai-beadsrd RGicative gfom
theatglgmbrer oér tra:gsmissi ns of data from the user equipment to the
baSe ‘i8N s At BN d&tdfate. 13. System, comprising: (a) a base

station, comprising: (i) a receiver for receiving over a radio interface from

a user equjpment a retransmjssion sequence, number signal having a
mgghitu JoiE 5 ?R}eog]c 1 T%bilfr&er comprising a radio network corgroller

responsive to said frame protocol data frame header for use in a control function.

19.  Radio network controller for use in a network including a base station and
user equipment having a radio link therebetween, comprising;

a signal processor, adapted to be responsive to a frame protocol data frame
header from a base station for providing a control signal fora coﬁtrol function;
wherein said header includes signalling to indicate the base station does not have
information about an actual number of retransmissions of data from the user
equipment over said radio link to the base station.

a transmitter, responsive 1o said control signal, for providing an output

control signal to said base station for said control function.

20.  The radio network controller of claim 19, wherein said signaliing uses a
reserved codeword of said header to indicate that the base station does not have
information about an actual number of said retransmissions of data from the user

equipment to the base station.
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of retransmissions of data from the user equipment to the base station
wherein values of said number are limited to a first range; (ii) a
determiner for determining in the base station if the base station has
received a retransmission sequence number but has not been able to
acturatelpheletéioniasthg mmbﬂemﬂ‘etaaﬁsmls&MSirﬁﬁiﬂd(Hig@EﬁlgQiﬂars a
for select for transmission protoco| data frame , ader to a
serv%g ek ‘% t&lgghcﬁgl |§ﬂf‘ia*1 Pc?gtngﬁgflt 2°D Sk il %@Q%f‘ out
hawe information about an actual number of said retransmissions of data
from the user equipment to the base station; and (b) user equipment
connected to said base station by a radio link for transmitting said
retransmission sequence number signal to said base station. 14. The
system of claim 13, wherein said signalling comprises a reserved
codeword reserved from among a plurality of codewords having values in
a second range greater than said first range, said values of said
codewords being indicative of a number of retransmissions of data from
the user equipment to the base station, said 15 reserved codeword for
transmission on a frame protocol data frame header to a serving radio
network controller to indicate that the base station does not have
information about an actual number of said retransmissions of data from
the user equipment to the base station. 15. The system of claim 14,
wherein said reserved codeword is 1111. 16. The system of claim 14,
wherein said reserved codeword is 1110. 17. The system of claim 14,
wherein said reserved codeword is reserved from an upper end of said
second range. 18. The system of claim 14, further comprising a radio
network controller responsive to said frame protocol data frame header
for use in a control function.
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19. Radio network controller for use in a network including a base station
and. user equipment having a radio link therebetween, comprising: a
signal processor, adapted to be responsive to a frame protocol data frame
header from a base station for providing a control signal for a control
function; wherein said header includes signalling to indicate the base
station does not have information about an actual number of
retransmissions of data from the user equipment over said radio link to

thepBsbravaheTO ot HeFATEELSFSP 6 Sivte Feosuibecatraluigrmal tothe base
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function. 20, The r d|o etwork controller of claim 19, wherein said

sigFRRTg &0 HERSEHENISRS: of said header to indicate that the

base station does not have information about an actual number of said
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1. The radio network controller of c alm erein said signalling uses
a ﬂ&@ﬁﬁ%ﬁ%ﬁ@ﬁﬁ@ﬁ%ﬂﬁeﬁéa%@kwéntmwﬁwmesmmm
infegmatipnabout an -16a actual number of said retransmissions of data
from the user equipment to the base station but also provides an estimate
in a field of a codeword of said header used for reporting the number of
retransmissions. 22. The radio network controller of claim 19, wherein said
control function is for controlling power of said radio link between said
base station and said user equipment. 17
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