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1 Introduction

In RAN1#67 and RAN1#68, many contributions on the design choices for four branch MIMO system were presented. All these contributions are mainly focussed on the number of codewords, pilot design options for CSI estimation and data demodulation, precoding codebook design and uplink control channel design. One fundamental design issue still remains is the downlink control channel (HS-SCCH) structure.  In general HS-SCCH design depends on many factors like number of codewords supported, number of HARQ processes, precoding codebook, pilot solution, precoding codebook etc. Since, few decisions were taken in previous meetings, in this contribution; we would like to discuss few design options for HS-SCCH design. Our design choices are based on the agreed assumptions and the conclusions during previous meetings.
We outline these design options by keeping in mind the work item assumptions of

· Existing functionality should be re-used unless non-re-use can be justified by clear benefits.

· The benefits of supporting 4-branch MIMO in combination with multi-carrier operation should be assessed during the work item. If benefits are deemed sufficient, enable operation of 4-branch MIMO in combination with downlink multi-carrier operation over 1-4 carriers.

· The design should ensure that the impact on non-MIMO UEs and 2x2 MIMO UEs is minimized. Whether or not this needs to be handled explicitly in the specifications should be determined during WI.

The general goal is to strive for a well-performing solution while at the same time trying to re-use existing solutions.
2 Legacy Downlink Control Channel Details
The HS-SCCH physical channel is used to signal the information related to the data transmitted on the HS-PDSCH. For 2x2 downlink transmissions the HS-SCCH carries information related to the channelization code set, modulation scheme, transport block size, HARQ process, redundancy and constellation version, and the rank and pre-coding information.  Figure 1 shows the Type 3 structure for HS-SCCH with rank 2 transmission. Please note that for rank 1 transmission requires less number of bits.
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Figure 1: Illustration of the HS-SCCCH slot in Release 7.
PART 1 Details: For Rel-7 MIMO, PART 1 consists of 12 bits , which conveys information about channelization code set (7 bits), modulation (3 bits), and PCI (2 bits). Please note that rank information (RI) is implicitly informed through modulation bits.
PART 2 Details: In Rel-7 MIMO, PART 2 consists 36 bits. Out of which 6 bits for each transport block 4 bits for HARQ process, 4 bits for redundancy version for the two streams and 16 bits for the UE ID. Please note that for single stream transmission, we need only 28 bits for PART 2.
3 HS-SCCH Design for Four Branch MIMO System
Since for four branch MIMO system, it was decided to use 2 codewords/HARQ processes, we can reuse some part of the Rel-7 structure. The main difference is the number of bits required for PCI, and rank information (RI). Please note that conveying PCI depends on the pilot channel design. For a solution with dedicated pilots, there is no need to signal the PCI bits. Explicitly conveying RI requires 2 more bits. If common pilots are used and using Rel 7 precoding codebook, we might need 4 bits for PCI. Hence in total 2+2 bits are needed to if 3GPP chooses common pilot solution.  Also note that the modulation bits signals the number of CW, and if 2TB is mapped to 1CW (for rank 2) only one bit is needed for the rank (we need to differ between rank 1 & 2 for 1CW and rank-3 & 4 for 2CW. 
With these facts, we can see two main alternatives for extending the HS-SCCH signaling:
· Introduce a new HS-SCCH slot format that carriers all information related to the data transmissions
· Use multiple HS-SCCHs for describing the information related to the different codewords.
4 Summary and conclusions

In this contribution, we list some of the design options for HS-SCCH for 4 branch MIMO system with 2 HARQ processes. The main objective of these design options is to reuse the existing HS-SCCH structure. 
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