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1. Introduction

In RAN #46, a new work item on 3-4 carrier HSDPA operation in combination with MIMO was approved [1]. At RAN1#59bis, several papers discussed candidate solutions for HS-DPCCH design and HS-SCCH order. In this contribution, we briefly summarize some general principles and provide our thoughts for further discussion.
2. Discussion
A way forward for HS-DPCCH design with 4C-HSDPA was agreed during RAN1#59bis, which leaves optimizations for special cases FFS:
Way forward

· HS-DPCCH code design for the case when 4 carriers are configured

· Alternatives presented are:

· 1xSF128

· 2xSF256

· 1xSF256

· Choice between 1xSF128 and 2xSF256 is to be made at next meeting

· For CM studies, optimise for case without DCH; results may also be presented for case with DCH

· FFS whether optimizations are needed/justified for special cases (for instance 3 carriers case)

· FFS if HS-DPCCH transmission can be adapted depending on activation status of downlink carriers to maximise uplink efficiency, including whether Rel-9 format is used in case of only 2 carriers being activated. 

It is well known that most operators may only have 3 carriers available for UTRAN deployment, as a consequence the requirement for 3-carrier is more urgent than for 4-carrier, and the 3-carrier deployment has become the most important case for operators. Meanwhile, different operators may also have different business strategies. For example, some operators are more interested in 3-4 carriers without MIMO rather than MIMO configuration. Therefore, the priority of different 3-4 carrier configuration should be taken into account when we conclude on the detailed design for 3-4 carrier HSDPA operation.
Proposal 1: Optimize the 3-carrier without MIMO case as a special case of the 4-carrier case.
Proposal 2: We kindly suggest that RAN1 discusses whether optimizations are needed for the 4-carrier case without MIMO.
In sections 2.1 and 2.2, we give some feasibility analysis for optimization methods for the 3-4 carriers without MIMO design. Furthermore, we also provide our view on the design of 3-4 carriers with MIMO in sections 2.3 and 2.4. Meanwhile, we propose a new scheme for the HS-SCCH order design in [3]. The activation/deactivation of all secondary carriers and uplink carriers by HS-SCCH orders are include in one order type, so that it is flexible to activate/deactivate one secondary carrier or several secondary carriers simultaneously.
2.1 3-carrier without MIMO
For 3-carrier HSDPA without MIMO case, the size of ACK/NACK codebook is 26 (PRE and POST are not considered), and the CQI information is 15 bits. The feedback information is almost as much as DC-MIMO, so the design method of HS-DPCCH for DC-MIMO could be used for 3-carrier without MIMO as Figure 1 which was discussed in [2].
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Figure 1 HS-DPCCH design for 3-carrier without MIMO configured
2.2 4-carrier without MIMO

For 4-carrier HSDPA without MIMO case, the size of ACK/NACK codebook is 80 (PRE and POST are not considered). Meanwhile, the CQI information is 20 bits. If Single Channelization Code with SF=256 is used, the minimum code distance of ACK/NACK codebook would be 2. Then it seems that Dual Channelization Codes with SF=256 and Single Channelization Code with SF=128 are more attractive design. However, Single Channelization Code with SF=256 should be taken into account, if we can decrease the codeword number by some way.
2.3 3-carrier with MIMO
As discussed in sector 2.1, we believe that using Single Channelization Code with SF=256 for 3-carrier without MIMO is feasible. However, once MIMO is configured, the feedback information increase rapidly, so that Dual Channelization Codes with SF=256 and Single Channelization Code with SF=128 may be considered firstly. But in [4], we also propose a scheme trying to use Single Channelization Code with SF=256.
Apparently, Dual Channelization Codes with SF=256 or Single Channelization Code with SF=128 can reuse exiting codebooks, whereas Single Channelization Code with SF=256 needs a new codebook design. It is suggested to do further evaluation before making a decision, and other aspects, such as performance and compatibility, shall also be considered.
2.4 4-carrier with MIMO
As discussed in [5], it is very difficult to design an ACK/NACK codebook for 4-carrier with MIMO if a single HS-DPCCH channel of SF=256 used, so we have to focus on Dual Channelization Codes with SF=256 or a Single Channelization Code with SF=128, and make an adequate evaluation.
3. Conclusion
In this document we provided some general principles and thoughts for 3-4carrier HSDPA design to help further evaluation, and make the following proposals:
Proposal 1: Optimize the 3-carrier without MIMO case as a special case of the 4-carrier case.

Proposal 2: We kindly suggest that RAN1 discusses whether optimizations are needed for the 4-carrier case without MIMO.
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