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1 Introduction

In the last RAN1#54bis meeting, three HS-SICH structures supporting MIMO was proposed in [1] and proposal 3 was preferred. In this contribution, we would like to further analyze the increase of transmit power of proposal 3 and give our conclusion.

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 Proposed HS-SICH structure supporting MIMO 
To guarantee the HS-SICH performance and to make the minimal change to the current implementation, it is proposed that the legacy HS-SICH shall be used when single stream is adopted for the data transmission. When dual stream transmission is adopted, the corresponding HS-SICH is proposed to 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.
The proposed HS-SICH carries the following information:

-
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 Figure 2.
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Figure 2. HS-SICH Coding and multiplexing for MIMO dual stream 
4 Analysis on the transmit power of the proposed HS-SICH
According to the dual-stream HS-SICH structure proposed above, UE needs to increase the transmit power of HS-SICH by 3dB compared to the single stream HS-SICH to achieve the same link level performance. In this section, we would like to analyze if it is acceptable.
a) In the current specification, close loop power control is applied for HS-SICH. The transmit power of HS-SICH is associated with the location where the UE is in the cell. Generally, the farther the UE is away from Node B, the higher power is needed for the HS-SICH to guarantee the performance. Dual-stream transmission is considered to be seldom adopted for the UEs located on the edge of the cell, so these UEs need not transmit dual-stream HS-SICH. In contrast, dual-stream transmission is probably adopted for the UEs near the centre of the cell, so these UEs shall transmit dual-stream HS-SICH. Since the path loss is small for these UEs, they don’t need to transmit HS-SICH using very high power.
b) From the link level performance comparison of DPCH and HS-SICH listed below, it can be seen that in AWGN channel, the required Ec/N0=-7dB for DPCH while Ec/N0=-13~-11dB for HS-SICH, i.e. DPCH needs 5~8dB higher power compared to HS-SICH. So even a SF=8 HS-SICH needs 3dB higher power, it is still far less than a DPCH code. In PA3 channel, the situation is similar. So the UE can support dual-stream HS-SICH transmission if it can support a 12.2K service and the interference caused would not exceed the DPCH service.
	Parameters
	Value

	Timeslot number in each TTI
	1 Timeslot

	User number
	1

	RU Allocation
	HS-SICH：SF16*1RU

12.2K DPCH：SF8*1RU

	Midamble Allocation
	Default, Kcell=8

	Tx Antenna Number
	1

	Rx Antenna Number
	1

	Channel Estimation post-process
	Realistic

	Joint Detection
	MMSE

	Channel
	AWGN, PA3 

	Simulation frame number 
	10000 
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5 Conclusion
In this document, we proposed the HS-SICH control signaling design and coding scheme for dual stream transmission of LCR TDD MIMO. The transmit power of this HS-SICH structure is proved to be acceptable.

Proposal 1: For the single stream transmission, UE reports ACK/NACK and CQI via legacy HS-SICH.
Proposal 2: For the dual stream transmission, UE reports ACK/NACK and CQI via an HS-SICH which occupies a channelization code with SF=8. Each field of this HS-SICH is doubled for dual stream transmission and the coding for each stream is the same as that in legacy specification.
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