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1 Introduction

Different power control schemes have been proposed for the uplink ACK/NAK or more generally for the HS-DPCCH. The main target for the power control should be to minimise the power needed for HS-DPCCH, especially the peak power but also the average power. The reduced peak power reduces the peak-to-average power ratio (PAR) requirement thus improving the power efficiency of the terminal and improving the coverage (or at least keeping the existing coverage). The reduction of the HS-DPCCH power also reduces the interference generated by the UEs. The different schemes are briefly discussed in this paper and a proposal is made.

2 Proposed power control schemes

The following approaches have been proposed. For each some pros and cons are listed.

· Power control based on power offsets sent using higher layer signalling (currently in spec) [1]

· Advantage: Simple

· Drawbacks: Slow, power offset according to the worst case

· Power control based on power offsets sent on HS-SCCH [2]

· Advantages: faster and more accurate power control than with higher layer offsets, reduces average power as well as the time when peak power required

· Drawbacks: Requires additional signaling on HS-SCCH, does not reduce peak power requirement

· Power control based on dedicated pilots on HS-DPCCH and stealing of TPC bits in downlink in every third slot [3]

· Advantages: additional pilot bits on HS-DPCCH may slighly improve ACK/NAK decoding (especially in SHO), thus reduce slightly ACK/NAK peak power, power control is even faster than with [2]

· Drawbacks: requires transmission of pilot bits on HS-DPCCH in every TTI, even if ACK/NAK and CQI DTXed, the pilots generate interference when all HSDPA users transmit them instead of only active users, pilots in every TTI may also cause EMC problems, they also complicate compressed mode (HS-DSCH and HS-SCCH can be scheduled only when there is no compressed mode, for pilot bits, however, gaps should be defined), stealing of TPC bits deteriorate normal DPCH power control

· Repeated transmission of ACK/NAK (amount of repetition signaled by higher layers) (proposed in different forms in [4] and [5])

· Advantages: Reduces clearly peak power requirement

· Drawbacks: Increases ACK/NAK delay and thus round trip delay, reduces throughput in some cases (scheduling not possible in all TTIs), does not reduce average power

From average power reduction point of view all power control schemes are good since they allow using high power offsets only when needed, i.e., not all the time according to the worst case. From peak power reduction point of view, repetition schemes are especially good, also addition of pilot bits to HS-DPCCH can slightly reduce the peak power. On the other hand, transmitting the HS-DPCCH pilots in every TTI is not good, as stated above.

3 New proposed way forward

Based on the advantages and drawbacks presented in the previous section, the following scheme is proposed to be adopted for HS-DPCCH power and repetition control.

· The power offsets for ACK, NAK and CQI as well as the basic amount of repetition are signalled using higher layer signaling (as already specified). Here only moderate power offsets should be used to avoid peak power problems.

· The number of repetitions for ACK/NAK is signalled on HS-SCCH for each TTI separately (in addition to the higher layer signaling). This requires 2 signaling bits to be added to HS-SCCH to indicate four different repetition patterns. The use of repetition does not increase the required peak power and HS-SCCH signaling allows to use repetition only when needed thus reducing the required average power and the delay. (Repetition of CQI is not that critical since the performance requirement for it is not that tight and therefore amount of repetition signalled by higher layers is enough.)

A possible scenario could be that for users in SHO the network signals a 3 dB higher power offset and/or the amount of repetition (N_acknack_transmit) and then dynamically on a TTI basis (depending on whether DPCCH follows HSDPA base station or not) Node B can signal the amount of (additional) repetition. Repeating ACK/NAK twice gives 3 dB, three times 5 dB and four times 6 dB extra power.

We have also considered adding pilot bits to HS-DPCCH in order to improve the channel estimation. However, we feel that the power level of HS-DPCCH should be kept as close to DPCCH as possible in order not to increase the peak power and use repetition instead and therefore feel that DPCCH pilots are sufficient for channel estimation for HS-DPCCH, too. It should be noted that HS-DPCCH pilots would be present only once per 2 ms TTI, whereas DPCCH pilot bits are present three times per 2 ms TTI. Therefore, the DPCCH pilot energy averaged over a 2 ms TTI is at least 5 dB higher than the HS-DPCCH pilot energy would be (there are always at least 5 pilot bits per slot on DPCCH when not in compressed mode).

4 Conclusions

A more dynamic HS-DPCCH repetition control scheme was proposed. The scheme uses higher layer signaling for power offsets (and basic amount of repetition) and HS-SCCH signaling for repetition. Text proposals for TS 25.212 and TS 25.214 are attached.

References

[1] R1-02-0199, TR 25.858, v 1.0.4, High Speed Downlink Packet Access: Physical Layer Aspects

[2] R1-02-0264, Power offset for upllink ACK/NAK, Nokia

[3] R1-02-0478, Text proposal for HS-DPCCH formats including HS-pilot insertion, Lucent, Samsung, Motorola

[4] R1-02-0379, HS-DPCCH link imbalance in soft handover, Ericsson

[5] R1-02-0371, HSDPA UL and UL/DL imbalance, Qualcomm

[6] R1-02-0421, Energy requirements for UL HS-DPCCH signaling with and without special pilot bits, Lucent
Text proposal for TS 25.212:

4.6
Coding for HS-SCCH

The following information is transmitted by means of the HS-SCCH physical channel.

-
Channelization-code-set information (7 bits): 

xccs,1, xccs,2, …, xccs,7
-
Modulation scheme information (1 bit): 


xms,1
-
Transport-block size information (6 bits): 


xtbs,1, xtbs,2, …, xtbs,6

-
Hybrid-ARQ process information (3 bits): 

xhap,1, xhap,2, xhap,3

-
Redundancy and constellation version: 


r, s, b

-
New data indicator (1 bit): 






xnd,1

-
ACK/NAK repetition information (2 bits)


xar,1, xar,2
-
UE identity (10 bits):







xue,1, xue,2, …, xue,10

4.6.1
Overview

Figure 19 below illustrates the overall coding chain for HS-SCCH.
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Figure 19: Coding chain for HS-SCCH

4.6.2
Redundancy and constellation version coding

The redundancy version (RV) parameters r, s and constellation version parameter b are coded jointly to produce the value Xrv. Xrv is alternatively represented as the sequence xrv,1, xrv,2, xrv,3 where xrv,1 is the msb. This is done according to the following tables according to the modulation mode used:

Table 12: RV coding for 16 QAM

Xrv (value)
s
r
b

0
1
0
0

1
0
0
0

2
1
1
1

3
0
1
1

4
1
0
1

5
1
0
2

6
1
0
3

7
1
1
0

Table 13: RV coding for QPSK

Xrv (value)
s
r

0
1
0

1
0
0

2
1
1

3
0
1

4
1
2

5
0
2

6
1
3

7
0
3

4.6.3
Multiplexing of HS-SCCH information

The channelization-code-set information xccs,1, xccs,2, …, xccs,7 and modulation-scheme information xm,1 are multiplexed together. This gives a sequence of bits x1,1, x1,2, …, x1,8 where

x1,i = xccs,i
i=1,2,…,7

x1,i = xms,i-7
i=8

The transport-block-size information xtbs,1, xtbs,2, …, xtbs,6, Hybrid-ARQ-process information xhap,1,xhap,2, xhap,3, redundancy-version information xrv,1, xrv,2, xrv,3 , new-data indicator xnd,1 and ACK/NAK repetition information xar,1, xar,2 are multiplexed together. This gives a sequence of bits x2,1, x2,2, …, x2,15 where

x2,i = xtbs,i
i=1,2,…,6

x2,i = xhap,i-6
i=7,8,9 

x2,i = xrv,i-9
i=10,11,12

x2,i = xnd,i-12
i=13
x2,i = xar,i-13
i=14,15
4.6.4
CRC attachment for HS-SCCH

From the sequence of bits x1,1, x1,2, …, x1,8, x2,1, x2,2, …, x2,15 a 16 bits CRC is calculated according to Section 4.2.1.1. This gives a sequence of bits c1, c2, …, c16. This sequence of bits is then masked with the UE ID xue,1, xue,2, …, xue,10 and then appended to the sequence if bits x2,1, x2,2, …, x2,15. This give a sequence of bits y1, y2, …, y31, where

yi = x2,I


i=1,2,…,15
yi = ci-15  ^ xue,i-15

i=16,17,…,25
yi = ci-15


i=26,27,…,31
4.6.5
Channel coding for HS-SCCH

Rate ½ convolutional coding, as described in Section 4.2.3.1, is applied to the sequence of bits x1,1,x1,2, …,x1,8. This gives a sequence of bits z1,1, z1,2, …, z1,32.
Rate ½ convolutional coding, as described in Section 4.2.3.1, is applied to the sequence of bits y1, y2, …, y31. This gives a sequence of bits z2,1, z2,2, …, z2,78.
4.6.6
Rate matching for HS-SCCH

Rate matching for HS-SCCH shall be done with the general method described in 4.2.7.5.

4.6.7
UE specific masking for HS-SCCH

The rate matched bits r1,1,r1,2…r1,40 shall be masked in an UE specific way using the UE ID xue,1, xue,2, …, xue,10 to produce the bits s1,1,s1,2…s1,40.

Define intermediate code word bits bi by:
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where i = 0, …, 31 and the values of Mi,n are taken from table 8.

The mask output bits are denoted by rk, k = 1, 2, …, 40 and are calculated as follows:
rk = bk-1

for k = 1,2…32

rk = bk-33

for k = 33, 34…40
4.6.8
Physical channel mapping for HS-SCCH

The HS-SCCH sub-frame is described in[2].

The sequence of bits s1,1, s1,2,, …, s1,40 is mapped to the first slot of the HS-SCCH sub frame. The bits s1,k are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with respect to k.

The sequence of bits r2,1, r2,2,, …,rs2,80 is mapped to the second and third slot of the HS-SCCH sub frame. The bits r2,k are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with respect to k.

Note that compressed mode is used for the HS-SCCH.

Text proposal for TS 25.214:

7
HS-DSCH-related procedures

7.1
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)
CQI feedback offset l.
5)
Repetition factor of CQI: N_cqi_transmit
UE procedure for receiving HS-DSCH:
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 previous subframe, the UE shall monitor all HS-SCCHs in the HS-SCCH set. If the UE did detect control information intended for this UE in the previous subframe, it is sufficient to only monitor the same HS-SCCH used in the previous subframe.
If a UE detects that one of the monitored HS-SCCHs carries control information intended for this UE, the UE shall start receiving the HS-PDSCHs indicated by this control information. 

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+xar consecutive HS-DPCCH sub-frames, in the slots allocated to the HARQ-ACK as defined in [1] where xar is the ACK/NAK repetition information signalled from Node B to UE on HS-SCCH as described in [2]. When N_ acknack_transmit+xar is greater than one, the UE shall not attempt to receive nor decode transport blocks from the HS-PDSCH in HS-DSCH sub-frames n + 1  to n + (N_acknack _transmit+xar - 1) where n is the number of the last HS-DSCH sub-frame in which a transport block has been received.

If control information is not detected on any of the HS-SCCHs in the HS-SCCH set, neither ACK, nor NACK, shall be transmitted in the corresponding subframe.

UE procedure for reporting channel quality indication (CQI):
1)
The UE derives the CQI as defined in 7.2.1 from observations of the P-CPICH (alternatively S-CPICH in case of beamforming with S-CPICH is used).
2)
The UE shall transmit the CQI on the HS-DPCCH sub frame which satisfies:
HSFN mod k = l
where HSFN is the sub frame counter version of SFN and defined as

HSFN = 5*SFN + HS-DPCCH sub frame
3)
The UE shall repeat the transmission of the CQI feedback information derived in 1) over N_cqi_transmit consecutive HS-DPCCH sub frames in the slots respectively allocated to the CQI as defined in [1]. 
4)
The UE shall not transmit the CQI in other subframes than those described in 2) and 3). 

7.1.2
Channel quality indicator (CQI) definition

CQI reports one value at a time from the CQI report definition. CQI report definition is a table containing 32 values, each of which is defined with N parameters. These parameters shall consist of one or more of the following : [the transport block size, the coding rate, the number of HS-PDSCH codes, modulation, power offsets, BLERthreshold, Phs=default power offset between HS-DSCH code channel and CPICH]
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