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1 Introduction

Four branch MIMO work item has been progressing steadily, however there has not been much discussion about downlink control yet. The recent decisions and progress in the WI enables detailed discussion on the HS-SCCH structure. 
2 Channel design
The HS-SCCH design of the four branch downlink MIMO is impacted by the number of PCI bits, number of HARQ ACK/NACKs etc. The number of codewords and hence ACK/NACKs have been agreed in RAN1 #68: [2]
“   
· Adopt a scheme with up to two codewords (CWs)

· A CW is mapped to up to 2 layers 

· Single ACK/NACK per codeword

“

And RAN1 #68bis agreed to use 4 bit LTE-release 8 codebook as a working assumption. 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. At the moment, no decision has been made on the possible use of dedicated pilots which could mean that additional information is needed on the part 1, keeping in mind that purpose of part 1 information is to allow early receiver processing in the UE. Here we make an assumption that common pilot system is used, because no significant benefit has been observed from the dedicated pilot solution. In this contribution we compare the amount of required information bits for the 2-Tx and 4-Tx formats.
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.

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. 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 ½-rate encoding is sufficient instead of the 1/3 - rate coding. Corresponding encoding rate for part 2 is either (12+16)/80 ~0.35 or (20+16)/80~0.45.
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.

3 Conclusion
The HS-SCCH channel design was discussed in this paper. Assuming a common pilot approach, the impact on the part 1 of the HS-SCCH is discussed as part 2 is 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.
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