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1.
Introduction

RAN meeting #50 approved a new work item tasking the working groups to specify 5-8 cell HSDPA operation [1]. This contribution discusses HS-DPCCH solution for 5-8-carrier HSDPA.
2.
Discussion
There has already been some discussion on HS-DPCCH solution for 8-carrier HSDPA in RAN1 #63bis. Most of the companies have been proposing that legacy ACK/NACK and CQI codebooks are re-used for 8-carrier HSDPA. It is sensible to avoid designing new codebooks and hence same is proposed here.
Proposal 1: Re-use legacy ACK/NACK and CQI codebooks

Reduction of HS-DPCCH spreading factor from 256 for 4-carrier HSDPA created the problem that A/N field was only half a slot long. Hence in some cases there would be a need to DTX half a slot at a time. Transmitting half slot would be a problem since it would add complexity of UL power control significantly. In 4-carrier HSDPA this was avoided by using a specific DTX codeword. Same approach is proposed to be used also for 8-carrier.
Proposal 2: Transmission power is not changed in the middle of the UL slot
Proposal 3: DTX codeword is used in A/N field when needed to prevent power change in the middle of the UL slot 

There are two basic proposals how to be able to design HS-DPCCH solution re-using legacy codebooks for 8-carrier HSDPA. One is to reduce SF of HS-DPCCH channel to 64 and another is to use two SF128 codes. There are couple of design goals for 8-carrier HS-DPCCH solution, it should be able to have similar coverage as the legacy solutions and it should be relative straightforward to keep complexity of specification and implementation at reasonable level. HS-DPCCH solution for 4-carrier HSDPA proved out to be relatively complex in the end.
HS-DPCCH solution proposal assuming single SF64 code is shown in Figure 1 for 8, 6, 4, 2 carriers and single carrier. Basic principle is that repetition is used for all the cases where number of carriers equals two to the power of n. In single carrier case feedback information is now repeated four times. Due to the repetition similar performance can be achieved to the earlier 4-carrier, dual carrier and single carrier solutions. Other cases, e.g. 6-carrier can be done by using DTX codeword for the missing CQIs. This is needed since single CQI field is half a slot long. In this scheme 5,6 and 7 carrier cases are such that DTX codeword needs to be used for the CQI, having same CQI periodicity does not help since all eight carriers are not configured. CQI 31, or 15 in MIMO case, could be used for DTX indication.
HS-DPCCH solution proposal for two SF128 codes is shown in Figure 2. This scheme is rather simple; two 4-carrier HS-DPCCHs are used with different channelization codes. When four carriers or less are activated the same HS-DPCCH format is used as in 4-carrier HSDPA. In this case another HS-DPCCH code would need to be switched off when carriers are deactivated to a state where there are less than four carriers. In such a case it would be desirable not to change channelization codes for the rest of the UL channels. In dual code solution CQI field is still one slot long so there is no need to use DTX codeword for CQI.
Solutions presented here are assuming the general case where there can be MIMO in each carrier. Similar approach can easily be extended to non-MIMO cases also as it has been done in Rel-10, only the codebooks used are slightly different. A/N codebook is a smaller subset of DC-MIMO code and CQI is using non-MIMO format.
Proposal 4: Either 1xSF64 or 2xSF128 solutions presented here are adopted for 8-carrier HSDPA

Taking legacy modes into account HS-DPCCH for Rel-11 will be rather complex and hence it is proposed that HS-DPCCH for 8-carriers is kept as simple as possible. Hence it would be desirable to use same baseline solution for all cases, i.e. number of carriers and both MIMO and non-MIMO.
Proposal 5: Same baseline solution is used in all cases of 8-carrier HSDPA
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Figure 1 HS-DPCCH 1xSF64 solution
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Figure 2 HS-DPCCH 2xSF128 solution
3
Conclusions
Discussion presented in this contribution is proposed to be taken into consideration when 8-carrier HSDPA is being specified. Also following proposals are being made:
Proposal 1: Re-use legacy ACK/NACK and CQI codebooks
Proposal 2: Transmission power is not changed in the middle of the UL slot
Proposal 3: DTX codeword is used in A/N field when needed to prevent power change in the middle of the UL slot
Proposal 4: Either 1xSF64 or 2xSF128 solutions presented here are adopted for 8-carrier HSDPA
Proposal 5: Same baseline solution is used in all cases of 8-carrier HSDPA
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