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1 Introduction

To further enhance the data transmission rate and capacity of TD-SCDMA system, the MIMO technique has been introduced in LCR TDD HSPA+ phase [1] [2] [3] [4]. At RAN1 #53 the conclusion was reached that the generic PSRC (Per Stream Rate Control) structure is a suitable non-codebook MIMO scheme for 1.28Mcps TDD, and the data streams with their own rate control can be mapped on real antenna port or virtual eigenvector identified antenna port. 

In order to support dual stream transmission on HS-DSCH, a corresponding structure should be designed for HS-SICH channel to signal the ACK/NACK and CQI information for each data stream. In this contribution, we will provide three HS-SICH structure designs and give our preference.

2 Legacy TDD HS-SICH structure in TS 25.222 
The HS-SICH is a UL physical channel that carries HARQ information (ACK/ NACK) and the Channel Quality Indicator (CQI) for HS-DSCH. For 1.28Mcps TDD, HS-SICH includes the following information [5]:
-
Hybrid-ARQ information ACK/NACK (1 bit): xan,1

-
Recommended Transport-block size (RTBS) (6 bits): xtbs,1, xtbs,2, …, xtbs,6
-
Recommended Modulation Format (RMF) (1 bit): xrmf,1
The total number of HS-SICH bits is 8.

The HS-SICH shall use one channelization code with SF=16. The ACK/NACK bit xan,1 shall be repetition coded to 36 bits. The coded bits are denoted as
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. The CQI information consists of RTBS and RMF fields. The 6 bits of the RTBS field are coded to 32 bits using a (32, 6) 1st order Reed-Muller code. The output RTBS code word bits are {Zi: i = 1, ..., 32}. The RMF bit xrmf,1 is repetition coded to 16 bits to produce the bits
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,where nCQI = 48. The general coding/multiplexing flow chart is shown in the Figure 1.
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Figure1. Coding and multiplexing for HS-SICH

3 HS-SICH structure suppoting MIMO dual-stream 
In this contribution, we propose three new HS-SICH channel structure designs for supporting MIMO dual stream transmission. The details are shown as follows.
Proposal 1
The HS-SICH will still use one channelization code with SF=16 and each field of HS-SICH signaling is doubled for supporting dual stream transmission. 
-  Hybrid-ARQ information ACK/NACK (1+1 bits): Each stream uses 1 bit which is repetition coded to 18 bits. The total number of ACK/NACK coding output bits for dual stream will be 36 bits. 
-
Recommended Transport-block size (RTBS) (6+6 bits): Each stream uses 6 bits and there are total 12 RTBS signaling bits for dual stream, which are coded to 32 bits using a 1st order Reed-Muller code. But the basis sequences for a new Reed-Muller coding rate should be introduced.
-
Recommended Modulation Format (RMF) (1+1 bits): Each stream uses 1 bit which is repetition coded to 8 bits. The total number of RMF coding output bits for dual stream will be 16 bits. 
Proposal 2
The HS-SICH will still use one channelization code with SF=16. The RMF signaling will be omitted in the new HS-SICH structure, whereas it is implied in RTBS signaling.
-
Hybrid-ARQ information ACK/NACK (1+1 bits): Each stream uses 1 bit which is repetition coded to 18 bits. The total number of ACK/NACK coding output bits for dual stream will be 36 bits. 
-
Recommended Transport-block size (RTBS) (6+6 bits): Each stream uses 6 bits and there are total 12 RTBS signaling bits for dual stream, which are coded to 48 bits using a 1st order Reed-Muller code. But the basis sequences for a new Reed-Muller coding rate should be introduced.
-
Recommended Modulation Format (RMF) (0 bit): This field is omitted and the RMF information is implied in RTBS signaling. Similar to the modulation scheme information in HS-SCCH supporting 64QAM, firstly we should obtain the switch points of coding rate for different modulation schemes. It is assumed that C1 is the coding rate switch point between QPSK and 16QAM, while C2 is the switch point between 16QAM and 64QAM. These coding rate switch points can be achieved via simulation results. With the knowledge of physical resources assignment, Node B can obtain a coding rate C from the corresponding RTBS in HS-SICH. And the recommended modulation format can be got according to the following mapping relationship. 
－ If 
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, Node B should determine the recommended modulation scheme as 16QAM;

－ If 
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, Node B should determine the recommended modulation scheme as 64QAM.
Proposal 3
The HS-SICH will use one channelization code with SF=8 and each field of HS-SICH is doubled for dual stream transmission. The coding for each stream can be the same as that in legacy specification.
-
Hybrid-ARQ information ACK/NACK (1+1 bits): Each stream uses 1 bit which is repetition coded to 36 bits as before.  

-
Recommended Transport-block size (RTBS) (6+6 bits): Each stream uses 6 bits which are coded to 32 bits using a (32, 6) 1st order Reed-Muller code as before.
-
Recommended Modulation Format (RMF) (1+1 bits): Each stream uses 1 bit which is repetition coded to 16 bits as before.
The coding/multiplexing flow chart for dual stream is shown in the Figure 2.
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Figure2. HS-SICH Coding and multiplexing for MIMO dual stream 
According to the above-mentioned three new HS-SICH structures, it can be seen that Proposal 3 may introduce a minimal modification to the legacy specification which makes the implementation simpler. And the explicit modulation signaling reduces the processing complexity compared to the implicit method. 
Proposal 3 is preferred to be adopted as the HS-SICH structure supporting MIMO dual stream transmission.
4 Conclusion
In this document we discuss the HS-SICH control signaling design and coding scheme for dual stream transmission of LCR TDD MIMO. Three design schemes are provided and our preference is proposed after the introduction and the analysis. We suggest RAN1 discuss and approve this solution.
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