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1. Introduction

MIMO technique for 1.28Mcps TDD system has been discussed intensively in RAN WG1. The link level and system level simulation results have been proposed to show that MIMO provides a significant increase of peak data rates, as well as improved high-rate availability [1][2][3]. Then 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. 
At RAN#40 meeting the MIMO Work Item for 1.28Mcps TDD was proposed. This document considers some details of the control signaling and coding scheme on the HS-SCCH for TDD MIMO.
2. Legacy TDD HS-SCCH signalling in TS 25.222
For 1.28Mcps TDD, in the case of multi-frequency HS-DSCH transmission in one TTI, HS-PDSCH on each frequency shall be configured with associated HS-SCCH(s) which includes the following information:
-        Channelisation-code-set information (8 bits): xccs,1, xccs,2, …, xccs, 8
-        Time slot information (5 bits): xts,1, xts,2, …, xts,5
-        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 version information (3 bits): xrv,1, xrv,2,xrv,3
-        New data indicator (1 bit): xnd,1
-        HS-SCCH cyclic sequence number (3 bits): xhcsn,1, xhcsn,2, xhcsn,3
-        UE identity (16 bits): xue,1, xue,2, …, xue,16
The total number of HS-SCCH bits is 46.
3. HS-SCCH signaling for TDD MIMO
Some control signaling for TDD MIMO can be the same as the legacy Rel-5 HS-SCCH which includes CCS information (8 bits), Time slot information (5 bits), HS-SCCH cyclic sequence number (3bits) and UE identity (16 bits). The other signaling shall be modified to support MIMO two streams transmission. The details are as follows.
         Modulation scheme information
         Proposal 1: 1+1 bits, each 1 bit for one stream
Here we suggest design this signaling by combining MIMO and 64QAM. But this scheme is also applicable to not supporting the combination of MIMO and 64QAM at the same time.
For MIMO technology, every data stream has their respective rate control. So one bit can be used to indicate the modulation scheme on one stream. The modulation scheme to be used by the HS-PDSCH resources shall be signaled by bit xms,1. 
Referenced to [6], if 64QAM is not supported by the UE, the mapping scheme in Table 1 shall apply.

Table 1: Modulation scheme information mapping
	xms,1
	Modulation Scheme

	0
	QPSK

	1
	16-QAM


 

If 64QAM is supported by the UE, the mapping scheme in Table 1a shall be applied. According to the simulation results, the value of the transmission bit rate divided by the physical resource bearer capability according to 64QAM should be more than 1/3.
Table 1a: Modulation scheme information mapping
	xms,1
	Modulation Scheme

	0
	QPSK or 64QAM

	1
	16-QAM


    

         Proposal 2: 0 bit for modulation scheme information
Similar to proposal 1, this signaling can be omitted to save the bit overhead on HS-SCCH. Just the two thresholds need to be obtained by simulation.  
Set the two coding rate thresholds C1 and C2. For the transport block on every data stream, the coding rate C is got by using the method of proposal 1 according to the resource allocation and mapping relation. So
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         Transport-block size information
         6+6 bits, every 6 bits for one stream
Here TBS information of Rel-5 HS-SCCH is doubled. Every 6 bits are used to index the transport block size of one stream where the TBS index equals to 0~63 for QPSK/16QAM/64QAM modulation.
         HARQ process information
The main differences between HARQ operation for MIMO and non-MIMO are the fact that two parallel processes can be transmitted in dual-stream mode. The other difference is that a larger number of processes need to be addressed even if only a single transport block is transmitted. This is due to the rank adaptation that is present in the MIMO mode [7, 8].
· Proposal 1: 3 bits for dual stream
This scheme requires only 3 HAP bits on the HS-SCCH for dual stream transmission. The main idea here is to group the available HAP into pairs {0A,0B}, …, {7A,7B}  and couple “A” and “B” to the two data streams, respectively. 
· Proposal 2: 3+1 bits for dual stream
In general, HARQ process handling is a trade-off between number of bits needed for HAP ID signaling and restrictions on the scheduler. By imposing some restrictions, fewer bits are needed for HAP signaling. The proposal 1 will put restrictions on the scheduler. One example where this restriction is limiting the performance is shown in Figure 1. Here it is noted that only one transport block (1B) can be scheduled when the channel quality once again allow for dual stream transmission since only pairs of  processes can be scheduled simultaneously (1A is not available). The retransmission of HAP 2A has to be delayed to the next TTI.
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Figure 1: Example of scheduler restriction.
To limit the restrictions put on the scheduler in the proposal 1, proposal 2 adds another bit to indicate which “sub-process” A or B that belongs to which stream. In this case 3 bits would be required to signal the process number (0-7) and one bit is used to indicate which of A or B that belongs to the stream with better channel condition. This will overcome the problem where a transport block on the stream with better channel condition can not be retransmitted on the stream with worse channel condition because the “order” of the streams has changed.

· Redundancy version information
· 2+2 bits, every 2 bits for one stream
Reduce the number of bits needed in RV information, i.e. merging RV constellation version and NDI to a shorter retransmission sequence number as in HSUPA. For every time of MIMO transmission, RV information with the certain modulation and coding rate is predefined. Due to the maximum retransmit time is 3, so this signaling just needs 2 bits for one stream.
4. HS-SCCH coding scheme for TDD MIMO
According to the discussion mentioned above, the total bit number of single stream MIMO HS-SCCH is the same as Rel-5, i.e. 46 bits. But for dual stream MIMO HS-SCCH the bit number in total is 51 bits (Modulation scheme proposal 2) or 53 bits (Modulation scheme proposal 1) if 3 bits are used as HAP information. Here the link-level HS-SCCH performance with the different signaling length is present. 
4.1 Simulation assumption 

	Parameters
	Value

	Slot of each sub-frame 
	1 

	Channelisation code
	2 X SF=16

	Number of UE
	1

	Cell_Parameter_ID
	0 (0~127)

	Kcell
	8

	Antenna configuration
	1 X 1

	Detection
	Channel estimation with ideal delay 

MMSE Joint detection 

	Channel
	AWGN、PA3、VA30

	Number of data block for simulation
	10000

	Power control 
	Close

	HS-SCCH bit number for dual stream
	51/53 


4.2 Simulation results 
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4.3 Result analysis 

When BLER=10-2, the Ior/Ioc (dB) can be listed as follows under the different channel.
	 
	AWGN
	PA3
	VA30

	46 bits for single stream
	-7.61
	6.98
	1.49

	51 bits for dual stream
	-7.19
	7.36
	1.66

	53 bits for dual stream
	-6.92
	7.67
	1.96


From the simulation result we can see that the performance of single stream is better than dual stream MIMO HS-SCCH with 51 bits about 0.2~0.4 dB, and than dual stream MIMO HS-SCCH with 53 bits about 0.5~0.7 dB.
The coverage of HS-SCCH will influence on the data rate and scheduling for cell edge UE. Generally BLER of HS-SCCH is required not less than 1%. For example, the path loss formula of Cost231_Hata model is
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Height of Node B: Hb =40m. 
Height of UE: Hm=1.5m. 
Cm: 0.0. For the general urban scenario. 
Unit of distance d is km.
 Suppose f=2010MHz for urban channel, then the path loss formula will be simplified as follow:
L (dB) = 136.04 + 34.407*log10(d)

When the HS-SCCH demodulation threshold changes and the link budget is fixed, it shows that the influence to coverage is just tens of meters or smaller due to the more bits for dual stream MIMO HS-SCCH by utilizing the path loss formula as follows.
Coverage compared to legacy HS-SCCH
	 
	AWGN
	PA3
	VA30

	46 bits for single stream
	1
	1
	1

	51 bits for dual stream
	97.23%
	97.49%
	98.87%

	53 bits for dual stream
	95.49%
	95.49%
	96.9%


If the coding schemes for single and dual stream are different, then UE needs to blind detect HS-SCCH. This will increase the implement complexity and consume the UE energy. But if the void bitmap is filled for every control signaling and the HS-SCCH control signaling length for single stream is the same as that for dual stream, then UE just needs to decode HS-SCCH once to get the signaling information. So we can use the void bitmap of signaling information to let UE distinguish the number of stream. For example, TBS information for both dual stream and single stream is 12 bits length. Here for single stream the void bitmap has six bits 0. Utilizing these bits 0, UE will obtain the number of stream. However, this method via bit filling results in the HS-SCCH performance deterioration for single stream due to the increase of the signaling length. From the simulation results it show that the BLER performance deterioration of the single stream HS-SCCH is very small. 
5. Conclusions
In this document we have proposed the control signaling design and coding scheme for dual stream of TDD MIMO. The link level HS-SCCH simulation for different signaling length is presented. From the results we can see that the different signaling lengths for single and dual stream need the blind detection at UE, and the same signaling lengths will decrease the UE complexity but deteriorate the single stream HS-SCCH performance a little.
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