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1 Introduction

Four branch MIMO work has proceeded relatively well in RAN1. HS-SCCH design was discussed in RAN1 #69 and some agreements were made. Also some remaining issues were left to be studied and the purpose of this contribution is to discuss those. 
2 Channel design
The HS-SCCH design of the four branch downlink MIMO was discussed in RAN1 #69 and the following agreements were made:
Agreements:
· Extend part I for HS-SCCH type 3 to accommodate extended rank and PCI

· Puncturing pattern and code rate for Part I is FFS
· For Part II, keep the existing structure as that of Release 7 MIMO
RAN1 #69 confirmed the working assumption to use 4 bit LTE-release 8 codebook. Compared to the type 3 HS-SCCH the part 1 information is impacted by the increased number of PCI bits and increased number of required layer information (up to 4). Furthermore, Rel-7 MIMO had a feature to swap the precoding weight between the primary and secondary beam so that modulation order of the primary beam could be higher than equal to the secondary beam, thus creating some saving on the amount of signalled information. With the 4-Tx LTE codebook, this feature is not easily available. The HS-SCCH part 2 information can be considered to be unaffected. 
The required number of information bits is summarized in Table 1 assuming that modulation and number of layer combinations are simply signalled as illustrated in Figure 1 totalling 30 choices.

One could possibly optimize the feedback for the system allowing maximum of 2 transmitted layers. This would reduce the required part 1 information by roughly 1 bit.

Table 1. Number of information bits in HS-SCCH

	
	HS-SCCH type 3
	4-Tx MIMO HS-SCCH

	Part 1 information
	
	

	Channelization-code-set information
	7
	7

	Modulation scheme and number of transport blocks information
	3
	5 (see Figure 1)

	Precoding weight information
	2
	4

	Total
	12
	16

	Part 2 information
	1 codeword
	2 codewords
	1 codeword
	2 codewords

	Transport-block size information
	6
	12
	6
	12

	Hybrid-ARQ process information
	4
	4
	4
	4

	Redundancy and constellation version
	2
	4
	2
	4

	Total
	12
	20
	12
	20
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Figure 1. The number of layers and codeword modulation order.

In performance point of view part 2 performance would be unaffected but part 1 channel encoding rate will increase from 12/40~ 0.3 to 16/40 ~0.4 indicating some increase in required transmission power in order to maintain the coverage, however the corresponding encoding rate for part 2 is either (12+16)/80 ~0.35 or (20+16)/80~0.45. 
The channel encoder puncturing would be impacted and one should also take into account that 8 tail bits are used which increases the required size of the puncturing pattern. It could even be considered if 1/2-rate encoding is sufficient instead of the 1/3 - rate coding. Coding performance of both 1/2 and 1/3 schemes is shown in Figure 2 with two puncturing patterns. Puncturing patterns used in simulations are shown in Table 2. First puncturing patterns were created by using rate matching for general coding case defined in Section 4.2.7 of 25.212 [2]. These are labelled “even distribution” due to the nature of patterns. Using these performance of 1/3 code seemed to be slightly better. Probably the reason is periodic puncturing pattern of 1/2 code rate, every sixth bit is removed regularly. To see if this really is the problem simulations were run also with new non-periodic puncturing patterns labelled “new pattern”. With the new pattern differences seem to diminish. Release 7 part 1 performance is shown in Figure 1 both with puncturing pattern for general coding case and the one used in specification. There does not seem to be a significant performance difference between the two. 

Unfortunately these results do not provide missed detection or false alarm analysis; however some results from Rel-7 MIMO study were referred in [1]. These error events impact the final HS-SCCH performance and hence differences in performance could be different.
Proposal 1: Use 16-bit type 3 extension, as shown in Table 1, for HS-SCCH part 1 coding of 4-branch MIMO.

Proposal 2: Use 1/3 code rate and the corresponding new puncturing pattern shown in Table 2 for HS-SCCH part 1 coding of 4-branch MIMO.
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Figure 2 HS-SCCH part 1coding performance
Table 2. Puncturing patterns used in simulations.
	Coding scheme
	Punctured bit indices (index starts from 1)

	16 bits, even distribution, CR 1/3
	1,3,5,7,10,12,14,16,19,21,23,25,28,30,32,34,37,39,41,43,46,48,50,52,55,57,59,61,64,66,68,70

	16 bits, new pattern, CR 1/3
	1,2,4,6,8,10,12,14,16,18,20,22,24,27,30,40,43,45,47,49,51,53,55,57,59,61,63,65,67,69,71,72

	16 bits, even distribution, CR 1/2
	1,7,13,19,25,31,37,43

	16 bits, new pattern, CR 1/2
	1,4,8,15,34,41,45,48


3 Conclusion
The HS-SCCH channel design was discussed in this paper. The impact on the part 1 of the HS-SCCH is discussed while part 2 remains unaffected. It seems that it would be possible to fit the required bits into current part 1 allocation of 1 slot with slightly reduced coding rate. It is hence proposed to use 1/3 code rate convolutional coding and the corresponding new puncturing pattern for HS-SCCH part 1 coding.
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