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1. Overall Description:

RANL1 understands the performance requirements for reception of HS-DPCCH previously stated
by RAN2 to be as follows:
e The probability of the Node B decoding an ACK when a transport block has been

correctly received by the UE on HS-DSCH:- >0.99

¢ The probability of the Node B decoding an ACK when the CRC has failed for a transport
block on the HS-DSCH:- < 0.0001 (0.001 for difficult radio conditions)

e The probability of the Node B decoding an ACK when the HS-SCCH is not detected by
the UE:- < 0.01 (0.1 for difficult radio conditions)

The last requirement applies under the assumption that the probability of the UE failing to detect
the HS-SCCH is less than 0.01.

Meeting these requirements with the current Rel5 specifications in difficult radio conditions (e.g.
Soft Handover, particularly with unfavourable radio link imbalance) requires raising the DPCCH
power (which would reduce uplink capacity using R99 channels) and/or using ACK/NACK
repetitions (potentially limiting the peak bit rate and reducing the throughput achievable with
HSDPA for certain UE categories with minimum inter TTI interval equal to one).



Although RANL1 is not in full agreement whether there is a need to change the current
specifications to meet the relaxed performance requirementsRAN1 has for some time been
studying proposals to improve the reliability of ACK/NACK signalling. Simulation results for one of
these proposals indicated worthwhile improvements in performance in some cases (see [1] and
[2]), and possible suitability for inclusion in R’5. However, some companies requested more time
to fully evaluate the performance of the proposed scheme and investigate concerns about
possible erroneous operation and increased complexity of Node B receiving process. Therefore
RAN1 has reviewed the attached CR’s in [3] and although not fully approving them has endorsed
them as “a technically correct specification of the scheme” and as such, they can be submitted to
RAN#18 in December for final approval (providing the further studies confirm satisfactory
performance). The CR’s are indicated as sourced by the proposing companies.

In order to assist in the timely completion of R’5 in the event of approval by RAN, RAN1 would
like to inform RAN2 and RANS3 of the following clarifications:

(1) The proposed scheme introduces two additional physical layer signals to be conveyed via
HS-DPCCH in the slot allocated to uplink ACK/NACK transmission. These take the form
of two additional codewords representing a PRE (preamble) and a POST (postamble)
respectively. RAN1 has not reached agreement on whether these additional signals can
be processed entirely within the physical layer or whether they would need to be visible to
higher layers.

(2) The existing performance requirements are unchanged for (a) the probability of correctly
decoding an ACK transmission and (b) erroneously decoding ACK’s when one was not
transmitted. RAN1 has not concluded whether additional performance requirements are
needed.

(3) Itis suggested that the proposed scheme would be enabled/disabled by a higher layer
parameter (“DTX_mode”) signalled to each UE and which may take values 0 or 1.
Furthermore, in order for the Node B to implement appropriate decoding of the HS-
DPCCH, it should be aware of the value of DTX_mode for each UE. Therefore it seems
necessary to be able to signal this value via the NBAP/RNSAP.

RAN1 is not yet in full agreement whether this proposed change to the specification is sufficient to
satisfactorily meet the performance requirements under some important conditions (e.g. Soft
handover, particularly with unfavourable radio link imbalance, as indicated by some contributions
presented to RAN1). Some companies have also expressed concern over the reliability of CQI
under the same conditions, and both these issues could be addressed at the same time if
additional proposals are studied. However, in this case, the expected completion date of the
further necessary work, based on contributions so far discussed by RAN1, would not be before
RAN#18 but would be in time for approval at RAN#19.

2. Actions:
To RAN WG2

ACTION: RANL1 kindly requests RAN2 to check whether the additional PRE and POST
signals have any impact on the HARQ functionality or if they can be processed
entirely within the physical layer and therefore would not be required to be visible
to higher layers. RANL1 also requests RAN2 to check whether additional
performance requirements are needed for PRE and POST reception.

RANL1 also kindly requests RAN2 to prepare the relevant CR for addition of the
proposed scheme in R5 25.331 and 25.321 if judged necessary.

To RAN WG3

ACTION: RANL1 kindly requests RAN3 to prepare the relevant CR(s) for addition of the
proposed scheme to the R5 NBAP/RNSAP.
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1. Introduction
Note: A draft version of this document was circulated on the RAN WG1 email reflector on 15" October 2002.

In [1] we presented a scheme for reducing the power requirement for the HSDPA hybrid ARQ ACK/NACK
transmissions on the HS-DPCCH and helping to ensure that the error rate requirements are met. Further ssmulation
results were presented in [2], and some small improvements were made in [3] following some helpful comments.

In this document we present a further small improvement to this scheme in the light of comments raised during the
email discussion, and we provide a detailed summary of the scheme.

2. Further improvement following email discussion

According to the origina scheme, some extra NACKSs are transmitted on the HS-DPCCH in sub-frames which
would not otherwise contain an ACK or NACK, in order to avoid the Node B having to distinguish between DTX
and ACK in asingle slot. This reduces the detection threshold offset which is required at the Node B, and resultsin
asignificant reduction in the required HS-DPCCH power.

During the email reflector discussion, some concerns were raised as follows:

1. For the case of consecutive packet transmission, the original scheme did not allow the Node B to distinguish
between the UE having failed to detect the HS-SCCH signalling and the UE having detected the HS-SCCH
signalling but failed to decode the HS-DSCH packet. It was suggested that this could increase the packet
energy required with full IR where only the first transmission is self-decodable (although in the case of so-
called partial IR, where at |east one of the subsequent retransmissions also contains the systematic bits, or in
the case of Chase combining, this should not be a problem).

2. For certain specific sequences of packet transmission, the full gain of the scheme was not achievable.

In order to solve these two potential problems, we propose that the “preamble” NACK, which is transmitted when
the UE detects HS-SCCH control information, and the “postamble” NACK, which istransmitted after a hybrid
ACK/NACK if apacket is not detected in the next subframe, should be modified to enable them to be
distinguished from normal NACKSs, as follows:

ACK: +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
NACK: -1-1-1-1-1-1-1-1-1-1
PREAMBLE ("POST"): -1 -1+1 -1 -1 +1 -1 -1 +1 -1
POSTAMBLE ("PRE"): -1 +41 -1 -1 +1 -1 -1 +1 -1 -1

According to this modification, a much greater Euclidian distanceis still maintained between the
preamble/postamble and ACK (total distance 14) than between DTX and ACK. This enables most of the benefit
from Node B threshold reduction to be maintained. In addition to this, there is now a distance 12 between the
preamble and the postamble, and a distance of 6 between the preamble/postamble and NACK.

Thismeansthat it is now possible to use this scheme with full IR and distinguish between failure to detect the HS-
SCCH and failure to decode the HS-DSCH packet.



In addition, the CQI can be used to improve the reliability of identifying whether the UE has detected the HS-
SCCH: if ahigh CQI valueisreported, it islikely that the HS-SCCH was detected, but if alow CQI valueis
reported, it may be more likely that the HS-SCCH was not detected.

If NACK iswrongly received as POST or PRE, the only potential side-effect if “full” IR isused isthat the
previous redundancy version would be retransmitted instead of transmitting a new redundancy version. The effect

of this should be very small, as, unlike with the original scheme, no systematic bits would be lost.

For those cases where this scheme is not needed (e.g. very slow speeds in non-SHO), this scheme can be disabled

by higher layers (using the parameter “DTX_mode”). Thiswill minimise uplink interference.

3. Detailed summary of improved scheme

a) With single ACK/NACK transmission (i.e. N acknack transmit = 1)

For simplicity, we begin by considering the case when N_acknack_transmit = 1, as shown in Figure 1.
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Figure1l: Scheme operation when N_acknack_transmit =1
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The two parts of this scheme are asfollows:

*  When the UE detects control information for it in sub-frame N on the HS-SCCH, the UE transmits a
preamble (PRE) in sub-frame N-1 on the HS-DPCCH (unless an ACK/NACK/POST isto be transmitted

in sub-frame N-1 as aresult of apacket in an earlier sub-frame on the HS-DSCH);

» After decoding the HS-DSCH packet and transmitting the hybrid ARQ ACK/NACK in sub-frame N on
the HS-DPCCH, if the UE's InterTTI capability is 1 the UE transmits a postamble (POST) in sub-frame
N+1 on the HS-DPCCH (unless a packet is detected in sub-frame N+1 on the HS-DSCH, in which case
ACK/NACK issent, or HS-SCCH control information is detected in subframe N+2, in which case PRE is

sent).

(Notethat if the UE's InterTTI capability is > 1, there is no need to transmit the POST in sub-frame N+1,

because an HS-DSCH packet could not be received in sub-frame N+1 on the HS-DSCH.)




In sub-frames N+2 onwards on the HS-DPCCH, the UE goes back to using DTX in the ACK/NACK field (unless
new relevant control information is detected on the HS-SCCH).

To help understanding, an aternative view of the operation of the scheme, describing the same functionality, is
given in the State Diagram in Figure 2. The labels on the arrows show the signal which is sent when the given state
transition occurs.

Figure2: State Diagram of improved schemefor reducing UL signalling power requirement

b) With repetition of ACK/NACKS (i.e. when N acknack transmit > 1)

Now we consider the case when N_acknack_transmit > 1, as shown in Figure 3 for the example of
N_acknack_transmit = 3.
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Figure3: Scheme operation when N_acknack_transmit > 1 (3in thisexample)

Two dight modifications are made compared from the behaviour when N_acknack_transmit = 1.

*  When the UE detects control information for it in sub-frame N on the HS-SCCH, the UE transmits a PRE
in sub-frame N-2 as well as sub-frame N-1 on the HS-DPCCH (unless an ACK/NACK istransmitted in
these sub-frames as a result of an earlier packet on the HS-DSCH);

(Note that the UE never transmits a PRE earlier than sub-frame N-2 in response to detecting
control information on the HS-SCCH even if N_acknack_transmit = 3 or 4).




» After decoding the HS-DSCH packet the UE transmits the hybrid ARQ ACK/NACK in sub-frames N to
N+N_ack_transmit-1 on the HS-DPCCH (as currently specified).
* If the UE'sInterTTI capability is< N_acknack_transmit then the UE does the following:

o transmit aHARQ Postamble (POST) in the dot alocated to HARQ-ACK in HS-DPCCH subframe
n+ 2*N_acknack transmit — 1, unlessan ACK, NACK or PRE isto be transmitted in this
subframe, and

o if N_acknack transmit > 1, transmit a HARQ Postamble (POST) in the slot allocated to HARQ-
ACK in HS-DPCCH subframe n + 2*N_acknack _transmit — 2, unlessan ACK, NACK or PRE is
to be transmitted in this subframe.

Note that no more than two POST’ s may be transmitted following detection of control information on the HS-
SCCH, DTX being used in when there is nothing to send in the intervening sub-frames, as shown in the example in
Figure 3.

In sub-frames N+2*N_acknack _transmit onwards on the HS-DPCCH, the UE goes back to using DTX in the
ACK/NACK field (unless new relevant control information is detected on the HS-SCCH).

In Annex A, we provide some specific examplesto illustrate the operation of the improved scheme and to show
that potential concerns over previousy-identified “problem” packet sequences are now avoided.

In Annex B we show the proposed transmission sequences for some examples in the cases of
N_acknack transmit = 2 and 3.

Simulation results for the improved scheme are presented in [4].

4. Conclusions

In this paper we have presented an improvement to the proposed scheme for improving the HS-DPCCH
performance using preamble and postamble transmissions. This solves the potential issues which had been raised
during then email reflector discussions regarding full IR and certain specific packet sequences. We have also
explained the operation of the scheme in detail.

Draft CRsfor this scheme are included with this document in the zip file.

The CR for TS25.212 also covers an issue raised separately on the email reflector, that the mapping between
ACK/NACK and the physicd layer signalsis not defined anywhere at present.

The CR for TS25.214 is based on the current structure of section 6A.1.1 and has 3 main parts:

1. A new first paragraph is added in subclause 6A.1.1 to clarify the referencing of the different subframes on
the HS-DSCH, HS-SCCH and HS-DPCCH (this change is not directly related to the scheme proposed in
this paper, but it aims to reduce ambiguity in the whole subclause).

2. Inthethird paragraph, some sentences are added to describe the transmission of the HARQ preamble on
detecting control information on the HS-SCCH.

3. Near the end of the subclause, a new paragraph is added to describe the transmission of the HARQ
postambl e after a hybrid ARQ ACK/NACK has been sent if a control information is not detected in the
next sub-frame.

In summary, this proposal aims to achieve the right balance between HS-DPCCH performance improvement for
Release 5 and simplicity.

Since the transmission of PRE/POST is enabled by higher layer signalling of the parameter DTX_mode,
implementation of the scheme is optional at the Node B.

The schemeis aso fully compatible with other proposals for the HS-DPCCH.
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Annex A — Examples

We give here some specific examples to illustrate the operation of the improved scheme and to show that potential
concerns over previously-identified “problem” packet sequences are now avoided. The main points addressed here
are providing the Node B with the means to detect whether HS-SCCH was correctly received while at the same

time reducing the peak power needed to reliably detect ACK’s.

Example 1.
Sub- Sub- Sub-frame Sub- Sub-frame Sub- Sub-
framel | frame?2 3 frame 4 5 frame6 | frame7
Transmitted sequence at Node B No No Packet No Packet No No
Packet Packet Packet Packet Packet
If UE detects DTX PRE ACK/NACK PRE ACK/NACK POST DTX
both packets
If UE only DTX PRE ACK/NACK POST DTX DTX DTX
UE detects 1%
transmission packet
If UE only DTX DTX DTX PRE ACK/NACK POST DTX
detects 2™
packet
If UE detects DTX DTX DTX DTX DTX DTX DTX
neither packet

It can be seen that the Node B never hasto detect “HS-SCCH failure’ based on one sub-frame alone. We now
consider how easy it isto avoid confusing the cases where a packet is not detected with the packet having been
correctly received:

If the UE failsto detect the first packet in the above sequence, the Node B can distinguish between DTX+DTX and
PRE+ACK much more easily than between just DTX and ACK. If the UE fails to detect the second packet in the
above sequence, the Node B can easily distinguish between POST+DTX and PRE+ACK.

Thisisfurther illustrated in the following trellis diagram:

STATE
DTX DTX DTX | DTX DTX DTX DTX
DTX > > . R t
D)
PRE PRE POST
PRE
POST
ACK/NACK PRE
ACK/NACK ACK/NACK

Figure4: TrellisDiagram for Example 1




Example 2:

Sub- Sub-frame | Sub-frame | Sub-frame | Sub-frame | Sub-frame | Sub-frame
frame 1 2 3 4 5 6 7
Transmitted No No Packet Packet 1 Packet 2 Packet 3 No Packet No Packet
sequence Packet
Al If UE detects DTX PRE ACK/NACK | ACK/NACK | ACK/NACK POST DTX
all packets
B| If UEonly DTX PRE ACK/NACK POST DTX DTX DTX
detects
packet 1
Cl If UEonly DTX DTX PRE ACK/NACK POST DTX DTX
detects
packet 2
D If UE only DTX PRE ACK/NACK | ACK/NACK POST DTX DTX
detects
packets 1,2
E| If UEonly DTX DTX DTX PRE ACK/NACK POST DTX
detects
packet 3
F| If UEonly DTX PRE ACK/NACK PRE ACK/NACK POST DTX
detects
packets 1,3
G If UEonly DTX DTX PRE ACK/NACK | ACK/NACK POST DTX
detects
packets 2,3
H If UE detects DTX DTX DTX DTX DTX DTX DTX
no packets

Again, we now consider how easy it isto avoid confusing the cases where a packet is not detected with the packet
having been correctly received:

In case B above, for packet 2 a POST->ACK error rate of 0.01 can be achieved with less power than isrequired for
aDTX->ACK error rate of 0.01 (which would be the case without this scheme). For packet 3, the Node B can

easily distinguish between POST+DTX and PRE/ACK/NACK+ACK .

In case C above, for packet 1 the Node B can determine whether HS-SCCH was received by distinguishing
between DTX+PRE and PRE+ACK. For packet 3, the Node B can distinguish between POST and ACK asfor
packet 2 in case B.

In case D above, for packet 3 the Node B can distinguish between POST and ACK asfor packet 2 in case B and
packet 3in case C.

In case E above, for packet 1 the Node B can distinguish between DTX+DTX and PRE+ACK, and for packet 2 the
Node B can distinguish between DTX+PRE and PRE+ACK.

In case F above, for packet 2 the Node B can distinguish between PRE and ACK in the same way as distinguishing

between POST and ACK for packet 2 in case B and packet 3in case C.

In case G above, for packet 1 the Node B can distinguish between DTX+PRE and PRE+ACK asfor packet 2in
caseE.

Thisisfurther illustrated in the following trellis diagram:
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DTX > > > > >
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ACK/ ACK/
NACK NACK
Figure5: TrellisDiagram for Example 2
Example 3:
Sub- Sub-frame | Sub-frame | Sub-frame | Sub-frame | Sub-frame | Sub-frame
frame 1 2 3 4 5 6 7
Transmitted No Packet 1 Packet 2 Packet 3 Packet 4 No No
sequence Packet Packet Packet
Al If UE detects PRE ACK/NACK | ACK/NACK | ACK/NACK | ACK/NACK POST DTX
al packets
B| If UEonly PRE ACK/NACK POST PRE ACK/NACK POST DTX
detects
packets 1,4

In case B above, for packet 2 the Node B can distinguish between POST and ACK asfor packet 2 in example 2/
case B, and for packet 3 the Node B can distinguish between POST+PRE and PRE+ACK.

Example 4:
Sub- Sub-frame | Sub-frame | Sub-frame | Sub-frame | Sub-frame | Sub-frame
frame 1 2 3 4 5 6 7
Transmitted No Packet 1 Packet 2 Packet 3 Packet 4 Packet 5 No
sequence Packet Packet
Al If UE detects PRE ACK/NACK | ACK/NACK | ACK/NACK | ACK/NACK POST DTX
all packets
B| If UEonly PRE ACK/NACK POST DTX PRE ACK/NACK POST
detects
packets 1,5

In case B above, for packet 3 the Node B can distinguish between POST+DTX and PRE+ACK.




Annex B — Examples of Transmission Sequences for N_acknack_transmit>1

N_acknack_transmit=2, packet detected in subframe N and not N+2to N+5
N N+1 N+2

HS-SCCH

N
N

HS-DSCH

Data Packet

HS-DPCCH PRE PRE  |ACK/NACK|ACK/NACKPOST POST
N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6
N_acknack_transmit=2, packet detected in subframe N and N+3 (and not N+2)
N N+1 N+2
HS-SCCH
HS-DSCH -
Data Packet Data Packe
HS-DPCCH PRE PRE  |ACK/NACK|ACK/NACKPRE ACK/NACK ACK/NACK
N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6
N_acknack_transmit=2, packet detected in subframe N and N+4, not in N+2 or N+3
N N+1 N+2
HS-SCCH
HS-DSCH -
Data Péck\et Data Packe
HS-DPCCH PRE PRE  |ACK/NACK|ACK/NACKPRE PRE  CK/NACK ACK/NACK
N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6




N_acknack_transmit=2, packet detected in subframe N and N+5, not in N+2, N+3, N+4

N N+1

N+2

HS-SCCH

HS-DSCH

Data Packeg

N+5

HS-DPCCH

IACK/NACK]

ACK/NACK POST

PRE

PRE

ACK/NACK

IACK/NACK

N

N+1

N+2

N+3

N+4

N+5

N+6



N_acknack_transmit=3, packet detected in subframe N and not N+3, to N+7

N N+1

N+2

HS-SCCH

HS-DSCH

HS-DPCCH

DTX

PRE PRE  |ACK/NACK|ACK/NACKACK/NACK POST POST
N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6
N_acknack_transmit=3, packet detected in subframe N and N+3
N N+1 N+2
HS-sccH
HS-DSCH
Data Packet Data Packe]
HS-DPCCH PRE PRE  |ACK/NACK|ACK/NACK ACK/NACKCK/NACK ACK/NACK ACK/NACK
N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6
N_acknack_transmit=3, packet detected in subframe N and N+4, (and not in N+3)
N N+1 N+2
HS-sccH
HS-DSCH
Data Pés;k\et Data Packe
HS-DPCCH PRE PRE  |ACK/NACK|ACK/NACKHACK/NACK PRE ACK/NACK ACK/NACK IACK/NACK]
N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6



N_acknack_transmit=3, packet detected in subframe N and N+5, (and not in N+3 or N+4)
N N+1 N+2

HS-SCCH

<

HS-DSCH N
Data Paeket Data Packe

N S N+1 N+2 N+3

HS-DPCCH PRE PRE  |ACK/NACK|ACK/NACKACK/NACK PRE PRE FCKINACK ACK/NACK

N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6

N_acknack_transmit=3, packet detected in subframe N and N+6, not in N+3 to N+5,

N N+1 N+2
HS-SCCH
HS-DSCH
Data Paeket Data Packe
N+6
HS-DPCCH PRE PRE  |ACK/NACK|ACK/NACHACK/NACK DTX PRE PRE ACK/NACK]
N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6

N_acknack_transmit=3, packet detected in subframe N and N+7, not in N+3 to N+6,
N N+1 N+2

HS-SCCH

<

HS-DSCH AN
Data Packet Data Packe]

N+6

HSDPCCH PRE PRE  |ACK/NACK/ACK/NACKHACK/NACK DTX POST PRE PRE

N-2 N-1 N N+1 N+2 N+3 N+4 N+5 N+6
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1. Introduction

In [1] we presented the full details of the improved scheme for reducing the power requirement for the HSDPA
hybrid ARQ ACK/NACK transmissions on the HS-DPCCH by means of extra NACK/PRE/POST transmissions
on the HS-DPCCH, enabling the Node B to use alower detection threshold.

The improved scheme also enables the Node B to distinguish between the UE having failed to detect the HS-
SCCH signalling and the UE having detected the HS-SCCH signalling but failed to decode the HS-DSCH packet.

In this document we present new simulation results for the improved scheme.

2. Simulation Results

Genera simulation assumptions are givenin Annex A. A diagram showing the type of decoding method used for
the POST/PRE scheme is shown in Annex B. Thisincludes some small enhancements since the version previously
circulated on the RAN WG1 email reflector. Other implementation approaches could be used.

The“origina” and “relaxed” performance requirements are summarised in Annex A.

The “relaxed” performance requirements have been considered sufficient for “difficult” radio conditions such as
high speeds or SHO.

Figure 1 shows simulation results for SHO with N_acknack_transmit = 2 for the “relaxed” HS-DPCCH
performance requirements. For the POST/PRE scheme, two different HS-DSCH traffic loadings (20% and 80%)
are shown, as this affects the ratio between packets which are first in a burst and those which are immediately
preceded by other packets. The traffic model used specifies the probability of a packet being sent to the UE in any
given sub-frame. We assumed no correlation between packet transmissions.
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Figurel: SHO, rdaxed performance requirements, N_acknack transmit =2

It can be seen from Figure 1 that the POST/PRE scheme meets the performance requirements at all UE speeds and
at both high and low loadings, without requiring alarger HS-DPCCH power offset than can be signalled according
to the current specifications.

Figure 2 shows the power required to meet the original performance requirements with N_acknack _transmit = 2.
It can be seen from Figure 2 that the POST/PRE scheme can even meet the original requirementsin SHO at UE

speeds above about 45km/h (where the effect of time-diversity is greater relative to the fading rate), although this
is not considered to be necessary.
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The POST/PRE scheme also gives benefit in non-SHO situations, as shown in Figure 3 for the original
performance requirements, with N_acknack_transmit set to 1.
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It can be seen from Figure 3 that the POST/PRE scheme enables the original performance requirements to be met
at speeds up to 40km/h, instead of only 20km/h with the existing specifications. Clearly 20km/h cannot be
considered a“high” speed, as required for the relaxed requirements to be applicable.

Figure 4 shows the power requirements for the relaxed requirements. It can be seen that the POST/PRE scheme
enables the relaxed requirements to be met at all UE speeds, without requiring the use of repetition. (By contrast,
the existing specifications would need the use of repetitions at UE speeds higher than about 35km/h in order to
meet the relaxed requirements).
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Figure4: Non-SHO, relaxed performancerequirements, N_acknack_transmit =1

In addition to satisfying the requirements for ACK and NACK errors, the PRE/POST scheme enables the Node B
to distinguish between the UE having failed to detect the HS-SCCH signalling and the UE having detected the HS-
SCCH signalling but failed to decode the HS-DSCH packet.

If the UE has failed to detect the HS-SCCH signalling, the UE will transmit either POST, or PRE, or DTX in 2
consecutive slots, whereasaNACK (or PRE+NACK for the first packet in a burst) would be transmitted if the UE
had detected but failed to decode the packet. If full IR isbeing used, the error rate between POST/PRE/DTX+DTX
and NACK isof interest. Inthe simulations presented here, a maximum error rate of 0.03 isachievedin all
circumstances, both for POST/PRE/DTX+DTX -> NACK and for NACK->POST/PRE/DTX+DTX.

This enables the Node B to select the best redundancy version with a high degree of confidence.




4. Conclusions

Simulation results presented here show that the POST/PRE scheme achieves the following:

Relaxed requirements met at all UE speeds in SHO, without needing more than 1 ACK/NACK repetition;
Original requirements met in SHO at UE speeds above 45knvh;

When not in SHO, original requirements met with no repetitions at all speeds up to 40km/h (compared to
only 20km/h with existing specification);

Relaxed requirements met without repetitions at speeds higher than 40km/h when not in SHO.
Worst-case error rate of 0.03 achieved for distinguishing between failed HS-SCCH detection and failed
HS-DSCH CRC.

This scheme aims to achieve the right balance between HS-DPCCH performance improvement for Release 5 and
simplicity.

CRsare provided in [1].

5. References

[1] R1-02-1334, "Scheme for meeting HS-DPCCH performance requirements for Rel-5", Philips



Annex A: Simulation assumptions:

2GHz carrier frequency

Pedestrian A channel — Rayleigh fast fading, classical Doppler spectrum, no shadowing

Rx diversity at Node B: 2 uncorrelated antennas

Channel estimation: 3 slots up to 40kmv/h, 1 slot at higher speeds

4% error rate (AWGN) on DL TPC commands

UL power control step size 1dB, algorithm 1

UL DPCCH SIR target set to give 4% TPC error rate; same SIR target in SHO as for non-SHO.
Interference in UL modelled as AWGN

Static ACK/NACK decision threshold

Average HS-SCCH failure rate = 0.01.

Original requirements for current specification:
P(ACK->NACK) =0.01

P(NACK->ACK) = 0.0001

P(DTX->ACK) = 0.01

Origina requirements for POST/PRE scheme:
P(ACK -> (NACK or PRE or POST)) = 0.01
P(NACK -> ACK) = 0.0001

P((PRE or POST or DTX) -> ACK) =0.01

Relaxed requirements for current specification:
P(ACK->NACK) =0.01

P(NACK->ACK) = 0.001

P(DTX->ACK) =0.1

Relaxed requirements for POST/PRE scheme:
P(ACK -> (NACK or PRE or POST)) = 0.01
P(NACK -> ACK) = 0.001

P((PRE or POST or DTX) -> ACK) =0.1




Annex B: Decoding diagram for HSDPCCH sub-frame N
The following diagram shows the type of decoding mechanism which can be employed in the Node B for the POST/PRE scheme.
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4.7 Coding for HS-DPCCH

Data arrives to the coding unit in form of indicators for measurement indication and HARQ acknowledgement.
The following coding/multiplexing steps can be identified:

- channel coding (see subclause 4.7.1);

- mapping to physical channels (see subclause 4.7.2).

The general coding flow is shown in the figure below. Thisis donein paralel for the HARQ-ACK and CQI asthe flows
are not directly multiplexed but are transmitted at different times.

HARQ-ACK cQl

h # ay,a,.-.3, #

Channel coding
by repetition

Channel Coding

Wy, W, Wa, .. W, bg,b;...v g
A ) J
Physical channel mapping Physical channel mapping
PhCH PhCH
HARQ-ACK cQl
¢ ag,a,...3, #
Channel coding Channel Coding
W, Wy, Wy, ... W, bg.b,...byg
A A
Physical channel mapping Physical channel mapping
PhCH PhCH

Figure 20: Coding for HS-DPCCH

4.7.1 Channel coding for HS-DPCCH

Two forms of channel coding are used, one for the channel quality information (CQI) and another for HARQ-ACK
(acknowledgement).

3GPP
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4711 Channel coding for HS-DPCCH HARQ-ACK

The +-bi+HARQ acknowledgement_message to be transmitted, as defined in [4], shall be repetition-coded to 10 bits as
shown in Table 13A. The output is denoted Wy, Wi, ... Wigg.

Table 13A: Channel coding of HARO-ACK

HARQ-ACK Wo | Wy | Wp | W3 | Wg | Ws | W | Wy | Wg | Wy
message to be

transmitted

ACK 1 1 1 1 1 1 1 1 1 1
NACK 0 0 0 0 0 0 0 0 0 0
Preamble 0 0 1 0 0 1 0 0 1 0
Postamble 0 1 0 0 1 0 0 1 0 0

3GPP
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5.1.2.5A Setting of the uplink DPCCH/HS-DPCCH power difference

When an HS-DPCCH is active, the relative power offset AysppecH between the DPCCH and the HS-DPCCH for each
HS-DPCCH slot shall be set as follows.

For HS-DPCCH dots carrying HARQ Acknowledgement :
AysppecH = Aack if the corresponding HARQ-ACK message is ACK-Acknowledgement-is-equal-to-1

Ansprech = Anack if the corresponding HARQ-ACK message is NACK .-Acknewledgementis-egual-to-0
Apsppecn S the greatest of Aack and Ayack if the corresponding HARQ-ACK message is PRE or POST.

For HS-DPCCH dlots carrying CQI :
AysprecH = Acql
The values for Aack, Anack and Acq are set by higher layers.
The setting of the power difference between DPCCH and HS-DPCCH isindependent of the inner loop power control.

Then, in non-compressed frames Bys, which is the gain factor defined in [3] subclause 4.2.1, is calculated according to

BéHS—DPCCH B
Bus =B.00° * °,

where . valueissignalled by higher-layer or calculated as described in subclause 5.1.2.5.3 or 5.1.2.5.4.

When HS-DPCCH is transmitted in compressed frames, Bys is calculated according to

BéHS—DPCCH H N .
— ﬂog 20 0 D pilot,N ,
:BHS ﬁc N Slot.c

where Nyiqic IS the number of pilot bits per slot on the DPCCH in compressed frames, and Nyiioin 1S the number of
pilot bits per slot in non-compressed frames.

The gain factor Bs may vary on slot basis depending on the current power offset Ayspeecn @nd whether the
compressed mode is used or not in UL DPCH. When the HS-DPCCH and the DPCCH are not dot aligned, the
reference DPCCH power shall be the one used in the DPCCH dlot being transmitted at the beginning i.e. slot boundary
of the HS-DPCCH dlot.
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6A HS-DSCH-related procedures

6A .1 General procedure
Scheduling and transport format selection is controlled by the MAC-hs sublayer in the Node B [9].
The following physical layer parameters are signalled to the UE and the Node B from higher layers:
1) HS-SCCH set to be monitored
2) Repetition factor of ACK/NACK: N_acknack_transmit
3) Channel Quality Indicator (CQI) feedback cycle k.
4) Repetition factor of CQI: N_cqi_transmit
5) Measurement power offset I

6) Status of preamble/postamble transmission: DTX mode

6A .1.1 UE procedure for receiving HS-DSCH

In this sub-clause, sub-frame n on the HS-SCCHs refers to the sub-frame which is associated with sub-frame n on
the HS-PDSCH as defined in [1], and sub-frame n on the HS-DPCCH refers to the sub-frame which isrelated to
sub-frame n on the HS-PDSCH as defined in [1].

If the UE did not detect control information intended for this UE on any of the HS-SCCHs in the HS-SCCH set in
the previeus-subframe n — 1, the UE shall monitor all HS-SCCHs in the HS-SCCH set in sub-frame n. If the UE did
detect control information intended for this UE in theprevieussubframen — 1, it is sufficient in sub-frame n to only
monitor the same HS-SCCH used in theprevieus-subframen — 1.

If a UE detects that one of the monitored HS-SCCHSs in sub-frame n carries control information intended for this
UE, the UE shall start receiving the HS-PDSCHSs indicated by this control information, and, if DTX_mode = 1, the
UE shall transmit a HARQ Preamble (PRE) in the slot allocated to HARQ-ACK in HS-DPCCH sub-framen—1. In
addition, if N_acknack transmit > 1 and DTX mode = 1, the UE shall transmit a HARQ Preamble in the slot
dlocated to HARQ-ACK in HS-DPCCH sub-frame n — 2. However, these HARQ Preambles in sub-framesn — 2
and n — 1 shall not be transmitted if an ACK or NACK isto be transmitted in the respective sub-frames as aresult of
an HS-DSCH transmission earlier than sub-frame n on the HS-PDSCH.

After decoding the HS-PDSCH data, the UE shall transmit an hybrid ARQ ACK or NACK as determined by the
MAC-hs based on the CRC check. The UE shall repeat the transmission of the ACK/NACK information over
N_acknack_transmit consecutive HS-DPCCH sub-frames, in the dots allocated to the HARQ-ACK as defined in
[1]. When N_ acknack_transmit is greater than one, the UE shall not attempt to receive nor decode transport blocks
from the HS-PDSCH in HS-DSCH sub-framesn + 1 ton+ (N_acknack _transmit - 1)-where-pisthe-rumber-of-the

If DTX mode=1 and UE InterTTI < N_acknack transmit, then the UE shall:

* transmit aHARQ Postamble (POST) in the slot allocated to HARQ-ACK in HS-DPCCH subframe
n+ 2*N_acknack transmit — 1, unless an ACK, NACK or PRE isto be transmitted in this subframe, and

e if N _acknack transmit > 1, transmit a HARQ Postamble (POST) in the slot allocated to HARQ-ACK in
HS-DPCCH subframe n + 2*N_acknack transmit — 2, unless an ACK, NACK or PRE isto be transmitted
in this subframe.

Apart from the above provisions, Hif control information is not detected on any of the HS-SCCHsin the HS-SCCH
set, petther ACK-Rrer-NACKSDTX shall be transmitted-used in the corresponding subframe.

6A .1.2 UE procedure for reporting channel quality indication (CQI)

CR page 38



	RP-020679.doc
	R1-02-1334.doc
	R1-02-1335.doc
	R1-02-1422 CR25212-161r1.doc
	R1-02-1422 CR25214-295r2.doc


