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1 Introduction
In RAN1#60 meeting, several contributions on HS-DPCCH design for 4C-HSDPA were discussed. It was agreed that channelization structure for HS-DPCCH would be decided at RAN1#60bis. In this contribution, we focus on the HS-DPCCH design for 4C-HSDPA using 1xSF128 or 2xSF256.  
2 Discussion
2.1 HS-DPCCH designs for 2xSF256

HS-DPCCH designs based on 2xSF256 are very straightforward and easily reuse existing schemes. 
· The 4 DL carriers are divided into two groups. Feedback messages of each group are encoded as Rel-9 HS-DPCCH format. 

· CDM fashion are used for HS-DPCCH1 (correspond to group 1) and HS-DPCCH2 (correspond to group 2), as shown in Figure 1. 
· Fixed or flexible mapping of carriers according to the activation/de-activation of carriers. The discussion of Fixed or flexible mapping of carriers for 2xSF256 is generally similar to discussion for 1xSF128 as following. 
· When only up to 2 carriers are activated, the HS-DPCCH2 would be DTX’d. The HS-DPCCH transmission would naturally fallback to Rel-8/Rel-9 format.
· The usage of POST scheme can also be considered based on 2xSF256. 
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Figure 1 CDM of HS-DPCCH1 and HS-DPCCH2, 2xSF256

2.2 HS-DPCCH designs for 1xSF128
2.2.1 Summary of HS-DPCCH designs with 1xSF128

HS-DPCCH designs based on 1xSF128 presented by companies are described as，
· The 4 DL carriers are divided into two groups. Feedback messages of each group are encoded as Rel-9 HS-DPCCH format. 

· TDM fashion are used for HS-DPCCH1 (correspond to group 1) and HS-DPCCH2 (correspond to group 2), which can be codewords concatenation fashion, or codewords bit-interleaving fashion, shown in Figure 2, or other possible fashions. The Figure 2 only provides the concatenation and bit-interleaving of HARQ-ACK codewords; the two CQI codewords can be concatenated or interleaved in the similar way. For simplicity, we use Figure 3 to denote the TDM fashion of HS-DPCCH1 and HS-DPCCH2.
· Fixed or flexible mapping of carriers according to the activation/de-activation of carriers.

· When only up to 2 carriers are activated, the HS-DPCCH format should fallback to Rel-9 HS-DPCCH (with SF256) format or still keep the 1xSF128 structure.

· Whether to use a codeword for DTX message or not. The HARQ-ACK field is DTX’d only when the HARQ-ACK of both HS-DPCCH1 and HS-DPCCH2 is going to transmit DTX. Otherwise, a POST codeword (or other codeword denotes DTX messages) are transmitted.
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Figure 2 Concatenating and bit-interleaving fashion of HARQ-ACK codewords, 1xSF128
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Figure 3 TDM of HS-DPCCH1 and HS-DPCCH2, 1xSF128
2.2.2 How to map the DL carriers onto HS-DPCCHs 
If 1xSF128 scheme with TDM fashion of HS-DPCCHs is introduced, the feedback messages would be divided into 2 groups. There may be two way to deal with the mapping of carriers onto HS-DPCCH channels when the status of secondary carriers are changed.

· Fixed mapping information of DL carriers onto HS-DPCCH channels.

· Flexible mapping information of DL carriers onto HS-DPCCH channels

Examples using fixed mapping and flexible mapping are illustrated in Figure 4 ~ 7.
The HS-DPCCH for 4 carriers with MIMO configured on carrier 1 can be designed as Figure 4.
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Figure 4: A possible HS-DPCCH design for 4 Carriers with 1 MIMO configured, 1xSF128
If carrier 2 is de-activated, the HS-DPCCH would be shown as Figure 5 according to fixed mapping,
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Figure 5: A possible HS-DPCCH design for 4 Carriers with 1 MIMO configured,
when carrier 2 is de-activated, fixed mapping, 1xSF128
If carrier 4 is de-activated, the HS-DPCCH would be shown as Figure 6 according to fixed mapping,
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Figure 6: A possible HS-DPCCH design for 4 Carriers with 1 MIMO configured,
when carrier 4 is de-activated, fixed mapping, 1xSF128
Noted that, {carrier 1, 3, 4} and {carrier 1, 2, 3} have same configuration: 1 MIMO + 2 non-MIMO, but different encoding fashion are used for same configuration, which may cause extra coding complexity for both UE and NodeB. In order to have uniform scheme, we proposed that,
Proposal 1: Identical HS-DPCCH format shall be used for the same configuration of activated carriers. 

That is to say, no matter which secondary carriers in Figure 4 is de-activated, the activated carriers should use the same HS-DPCCH format, e.g. to map the MIMO carrier onto HS-DPCCH1 and the others onto HS-DPCCH2. Therefore, the Proposal 1 would require flexible mapping of carriers onto HS-DPCCHs according to activation/de-activation status of carries. 
Proposal 2: Use flexible mapping of feedback information of DL carriers onto HS-DPCCH channels when the status of secondary carriers are changed by activation/deactivation.

If two of the secondary carriers are deactivated, e.g. carrier 2 and carrier 3, the HS-DPCCH would be shown as Figure 7 according to fixed mapping.
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Figure 7: HS-DPCCH  for 4 Carriers with 1 MIMO configured,

 when carrier 2 and carrier 3 are de-activated, fixed mapping, 1xSF128
As we discussed before, using 2xSF256 HS-DPCCH channels to feedback messages of dual carriers had been proved inferior to using single 1xSF256 HS-DPCCH channel. Using 1xSF128 by concatenating two HS-DPCCH channels is also inferior to using 1xSF256, since more transmit power would be required. Even with a flexible mapping that carrier 1 and 4 are encoded together, shown in Figure 8, the performance is not expected to be better, as half of the HS-DPCCH is DTX’d.
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Figure 8: HS-DPCCH for 4 Carriers with 1 MIMO configured, 

when carrier 2 and carrier 3 are de-activated, flexible mapping, 1xSF128
Hence, a more attractive way is to use flexible mapping scheme and to fallback to existing Rel-9 HS-DPCCH format with one single SF256 HS-DPCCH channel, shown as Figure 9.
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Figure 9: HS-DPCCH for 4 Carriers with 1 MIMO configured, 

when carrier 2 and carrier 3 are deactivated, flexible mapping, 1xSF256
Or keep the SF128 structure unchanged, but map carrier 1 and 4 onto HS-DPCCH1, and repeat HS-DPCCH1 on HS-DPCCH2 field, shown in Figure 10. Note that, if bit-interleaving fashion in Figure 2 is applied, the format of Figure 9 and 10 can be regarded same.
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Figure 10: HS-DPCCH for 4 Carriers with 1 MIMO configured, 
when carrier 2 and carrier 3 are deactivated, flexible mapping and repetition, 1xSF128
It is obvious that HS-DPCCH format of Figure 9 or 10 outperforms the format of Figure 7 and 8. So we propose that, 
Proposal 3: Fallback to Rel-8/Rel-9 HS-DPCCH format or to use flexible mapping and repetition scheme with 1xSF128, when only up to 2 carriers are activated.
2.2.3 Whether to use POST codeword or not 
It is proposed in [10] that, the 1st slot of a HS-DPCCH subframe is DTX’d only when the HARQ-ACK field of both HS-DPCCH1 and HS-DPCCH2 are needed to transmit DTX; otherwise, a POST codeword is transmitted to replace DTX. Simulations had been made to evaluate the usage of  POST codeword scheme in [11]. The simulation results indicate that using POST codeword would only have benefits when 3 or 4 carriers are activated and data is scheduled on 3 carriers but having performance loss when 3 or 4 carriers are activated and data is scheduled only on 2 carriers. Therefore, we kindly suggest that,

Proposal 4: A tradeoff should be considered on whether to use POST codeword or not. 
3 Conclusion
In this contribution, HS-DPCCH designs for 4C-HSDPA are discussed. We proposed that:

Proposal 1: Identical HS-DPCCH format shall be used for the same configuration of activated carriers.
Proposal 2: Use flexible mapping of feedback information of DL carriers onto HS-DPCCH channels when the status of secondary carriers are changed by activation/deactivation
Proposal 3: Fallback to Rel-8/Rel-9 HS-DPCCH format or to use flexible mapping and repetition scheme with 1xSF128, when only up to 2 carriers are activated. 
The proposal above can be based both on 2xSF256 and 1xSF128 schemes.
Proposal 4: A tradeoff should be considered on whether to use POST codeword or not for 1xSF128 HS-DPCCH.
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