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1 Introduction
3GPP RAN2#67(Shenzhen) meeting has approved that MIMO operation can be configured independently in any carriers. The scenario of MIMO+SC becomes possible. The HS-DPCCH design for MIMO+SC may be needed. 

In this paper, two HS-DPCCH designs for MIMO+SC are discussed. It is suggested that the current HARQ-ACK encoding and CQI/PCI encoding are reused, but the PCI for the carrier with MIMO should be transmitted each TTI.
2 Discussion
2.1 HS-DPCCH designs for MIMO+SC

MIMO operation can be configured in any carrier for DC-HSDPA. For simplicity, we assume that MIMO is configured in carrier 1, if MIMO only configured in one carrier. Then we have the solutions shown as the following,

Solution 1: 

· HARQ-ACK encoding: use the codewords of DC-MIMO.
· CQI/PCI: TDM for carrier 1 and 2.
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Figure 1: HS-DPCCH for MIMO+SC, solution 1
Solution 2: 

· HARQ-ACK encoding: use the codewords for DC-MIMO (would only need the codewords for Single-Dual or Dual-Single sub-case of DC-MIMO).
· CQI/PCI: TDM for carrier 1 and 2, but PCI is transmitted each TTI. And the encoding for PCI1+CQI2 can reuse the Rel-7 (20,7)RM coding.
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Figure 2: HS-DPCCH for MIMO+SC, solution 2
Note: For the case that MIMO is configured in carrier 2, the solutions are similar to that above.
Solution 1 reuses the current HARQ-ACK encoding and CQI/PCI encoding, it would be a compatible solution for MIMO+SC. As solution 2 shortens the PCI feedback cycle for the carrier with MIMO while does not introduce any new CQI encoding, it would be more attractive.

2.2 Further discussion on the CQI/PCI feedback cycle’s impact 

Simulations for evaluating the CQI/PCI feedback cycle’s impact on the throughput are executed. The assumptions are listed in the following.
· Systerm: Rel-5 HSDPA
· Channels: PA3, PA30
· Modulation: 16QAM, 64QAM

· Channel estimation: ideal

· Power Control: off

· PCI cycle: 1 TTI (2ms), 2TTI (4ms)
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Figure 3 The impact of CQI/PCI feedback cycle on throughput, PA3 channel and 16QAM configuration
Note: PCI(1) means the PCI cycle is 1 TTI, PCI(2) means the PCI cycle is 2 TTI.
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Figure 4  The impact of CQI/PCI feedback cycle on throughput, PA3 channel and 64QAM configuration
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Figure 5  The impact of CQI/PCI feedback cycle on throughput, PA30 channel and 64QAM configuration
It indicates that: 
· The PCI have significant impact on the performance. As PCI may change each TTI when the speed increases, it is beneficial to report TTI in time. 
3 Conclusion
Two designs for DC-HSDPA with MIMO configured in one carrier are discussed in this paper. Either solution 1 or solution 2 is OK. But it is suggested that solution 2 be adopted, as PCI have significant impact on the throughput performance.
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