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1 Introduction
A WI of multi-carriers was discussed in the 3GPP RAN#45 meeting. Under the configuration of multi-carriers, more HARQ-ACK messages and CQI/PCI messages should be transmitted. Some modification may be needed for HS-DPCCH.

A HS-DPCCH design framework and design objective was presented for MC-HSDPA in [1].  Both single and dual channelization code designs were considered and discussed in detail for each of the MC-HSDPA configurations. Single channelization code design for DC-HSDPA with MIMO has been chosen in the past RAN1 meetings, however the design for 3/4 carrier is still open. 

In this paper, HS-DPCCH designs for 3/4 carriers with/without MIMO are discussed as a supplement of [1].
2 Discussion
2.1 Summarization of HS-DPCCH design for DC and DC-MIMO
HS-DPCCH designs for DC-HSDPA with/without MIMO are shown in Figure 1 and 2.
DC:
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Figure 1: HS-DPCCH for Dual carriers without MIMO
DC-MIMO:
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Figure 2: HS-DPCCH for Dual carriers with MIMO
In the past RAN2#58 meeting, it was approved that MIMO operation can be configured independently with any carrier. Hence MIMO+SC scenario is possible. In this case, how to design HS-DPCCH? The design for MIMO+SC is discussed in [2].
MIMO+SC: the design is not determined yet, hence we use solution 2 in [2] as an example.
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Figure 3: HS-DPCCH for MIMO+SC
2.2 Summarization of HS-DPCCH design framework for MC-HSDPA with/without MIMO
The design objective and both single and dual channelization HS-DPCCH designs are presented in [1]., which also take the MC-HSDPA with MIMO into consideration.
2.3 Designs for 3/4 carrier HS-DPCCH

The discussion is based on the assumptions: 

· MIMO operation if desired can be configured independently in any carrier. For simplicity, we assume that MIMO are configured in carrier 1~M, if MIMO are configured in M carriers.
TC: 3 carrier without MIMO.
Here is another design choice for TC (3 carriers). It is more efficient to feedback CQI for each carrier, which is shown in Figure 1.
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Figure 4: HS-DPCCH using single channelization code for TC
Note: the CQI for each cell is transmitted twice per 3 TTI.
The size of HARQ-ACK codebooks for 3 carriers is (33-1=) 26 without PRE/POST, which is similar with DC-MIMO Dual-Dual case. So the performance of HARQ-ACK for 3 carriers should be close to that of DC-MIMO Dual-Dual. 
TC-MIMO(1): 3 carriers with MIMO configured in one carrier. Assume MIMO is configured in carrier 1.
· Use dual channelization design.
· HS-DPCCH 1: use Rel-7 HS-DPCCH (for Rel-7 MIMO)
· HS-DPCCH 2: use Rel-8 HS-DPCCH (for Rel-8 DC)
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Figure 5: HS-DPCCH using single channelization code for TC-MIMO(1)
There may be other choice that use MIMO+SC HS-DPCCH for carrier 1 and 2, and use Rel-5 HS-DPCCH for carrier 3, which may result to much more imbalances of 2 channels and performance of HARQ-ACK and CQI. 

TC-MIMO(2): 3 carriers with MIMO configured in two carriers. Assume MIMO is configured in carrier 1 and 2.
· Use dual channelization design.
· HS-DPCCH 1: use Rel-7 HS-DPCCH (for Rel-7 MIMO)
· HS-DPCCH 2: use HS-DPCCH for MIMO+SC
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Figure 6: HS-DPCCH using single channelization code for TC-MIMO(2)
TC-MIMO(3): 3 carriers with MIMO configured in 3 carriers. 

· Use dual channelization design.
· HS-DPCCH 1: use Rel-7 HS-DPCCH (for Rel-7 MIMO)
· HS-DPCCH 2: use Rel-9 HS-DPCCH (for DC-HSDPA with MIMO)
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Figure 7: HS-DPCCH using single channelization code for TC-MIMO(3)
FC: 4 carriers without MIMO. 

· Use dual channelization design.
· HS-DPCCH 1: use Rel-8 HS-DPCCH (for Rel-8 DC)
· HS-DPCCH 2: use Rel-8 HS-DPCCH (for Rel-8 DC)
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Figure 8: HS-DPCCH using single channelization code for FC
Note: The design for FC is referenced from [1]. Single channel design is also presented in [1], however the size of HARQ-ACK codebook should be extent to 80, and the minimum distance decrease to 2. The decoding performance may not be attractive.
FC-MIMO(1): 4 carriers with MIMO configured in 1 carriers. 

· Use dual channelization design.
· HS-DPCCH 1: use HS-DPCCH for MIMO+SC
· HS-DPCCH 2: use Rel-8 HS-DPCCH (for Rel-8 DC)
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Figure 9: HS-DPCCH using single channelization code for FC-MIMO(1)
FC-MIMO(2): 4 carriers with MIMO configured in 2 carriers. 

· Use dual channelization design.
· HS-DPCCH 1: use HS-DPCCH for MIMO+SC
· HS-DPCCH 2: use HS-DPCCH for MIMO+SC
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Figure 10: HS-DPCCH using single channelization code for FC-MIMO(2)
FC-MIMO(3): 4 carriers with MIMO configured in 3 carriers. 

· Use dual channelization design.
· HS-DPCCH 1: use Rel-9 HS-DPCCH (for DC-HSDPA with MIMO)
· HS-DPCCH 2: use HS-DPCCH for MIMO+SC
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Figure 11: HS-DPCCH using single channelization code for FC-MIMO(3)
FC-MIMO(4): 4 carriers with MIMO configured in 4 carriers. 

· Use dual channelization design.
· HS-DPCCH 1: use Rel-9 HS-DPCCH (for DC-HSDPA with MIMO)
· HS-DPCCH 2: use Rel-9 HS-DPCCH (for DC-HSDPA with MIMO)
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Figure 12: HS-DPCCH using single channelization code for FC-MIMO(3)

Note:  the design for FC-MIMO(4) is referenced from [1], but messages of carrier 1 and 3 are combined in one HS-DPCCH channel, while messages of carrier 2 and 4 are combined in the other one. 
3 Conclusion
This paper discusses on HS-DPCCH design for MC-HSDPA with/without MIMO under the design objective presented in [1]. The balance of 2 channels (if need 2 channels) is considered in the designs, as a complimentarily of [1].
Proposal 1: use single HS-DPCCH for TC but dual HS-DPCCHs for other MC configuration.
Proposal 2: reuse the HS-DPCCH designs for Rel-7 MIMO, Rel-8 DC, Rel-9 DC-MIMO or Rel-9 MIMO+SC.

Proposal 3: the ACK and CQI/PCI performance of per carrier should be as balance as possible; and if dual channelization is used, power balance should take into considered.

Proposal 4:  An OVSF code should be chosen carefully if dual channelization code design is desired, to obtain the minimum impact on current UL channels.
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