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1 Introduction
Uplink feedback design for 4C-HSDPA has be an active topic for discussion since last few RAN1 meetings.  As result, at RAN1 #60, following aspects were agreed related to the topic [1]:
· For the case of 4C with MIMO:

· Re-use Rel-9 HS-DPCCH codebooks

· For at least the case of 3C without MIMO:

· Give special attention to optimisation
And at RAN1 #60bis, the following was agreed [2]:
· 3/4C activated with MIMO configured on 1 or more activated carriers: SF 128

· 4C activated where no carriers are configured with MIMO: Working assumption for SF 128; evaluation shall only consider existing proposals already made at RAN1#60bis. 

The decision on the channelization structure was left open with the following 4 alternatives:
· Alt 1: 

· SF 128 for all cases of 3C or 4C configured

· SF 256 for all cases of <3 C configured

· Alt 2: 

· SF 128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF 256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

· Alt 3: 

· SF 128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF 256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

· Activations / deactivations that would require a change of SF constrained to radio frame boundaries

· Alt 4: 

· Use SF 128 for all cases with coding and bit interleaving such that when pairs of HS-DPCCH bits are the same the transmitted chips are the same as SF 256
In this contribution, we briefly analyze these four alternatives and express our preference.
2 Discussion
2.1 Channelization structure for general cases
One of the fundamental aspects, which was extensively discussed in RAN1 #60bis, is whether a dynamic change of SF on the HS-DPCCH can be allowed when carriers are activated or deactivated or if it is preferable to have the SF dependent only on the carrier configuration (i.e. RRC configured).  

With reasonable assumption of some design details, we provide our view on the four alternatives that is resulted from that discussion.

Alternative 1:
In this alternative, no dynamic switching of SF is allowed at deactivation or activation of carriers.  When only up to two carriers are activated we assume the following:

1. Repetition of two 1xSF128 codewords is used (with coherent combining at Node B);

2. Because of repetition, the transmit power of the HARQ-ACK field may thus fall back to the same level as the legacy 1xSF256 case.
In this context, we observe the following:
· One clear benefit of this option is seen from it simplified implementation.
· From an error tolerance and recovery perspective, in cases of mismatch of repetition mode due to false detection of acknowledgement to the HS-SCCH order issued for carrier activation/deactivation, the Node B would experience a graceful degradation in receiving HS-DPCCH because of the fact the repeated codewords can also be decoded by the regular 1xSF128 receiver.
· When only up to 2C are activated, an equivalent HS-DPCCH detection performance as compared to 1xSF256 could be expected because coherent combining, which is already validated by simulation to some extend in [3].
· The performance concern on the recent proposals of half slot transmission or POST/DTX substitute is not applicable to this case.

Alternatives 2 and 3
Both alternatives allow dynamic switching of the frame structure between 1xSF128 and 1xSF256 at carrier activation/deactivation with the difference that in Alternative 3 there is an added restriction whereby the SF change can only happen at the frame boundary. We assume here that when operating with 1xSF256, the UE would use similar transmit power level as in legacy R8/R9 operations.  
As compared to Alternative 1, we observe the following:

· One advantage of these two alternatives is that the decoding performance for the case where up to two carriers are activated is ensured to be the same as in legacy R8/R9 operations. 
· From an error tolerance and recovery perspective, when an error of carrier activation status synchronization occurs, for example due to false detection of the HS-DPCCH associated to an HS-SCCH activation/deactivation order, the Node B would have more difficulty decoding the HS-DPCCH correctly because of misuse of the spreading factor.
Besides potentially easing some hardware implementations, the additional benefits Alternative 3 can bring when the switching of SF is restricted to the frame boundary are not so clear.  It seems rather that Alternative 3 may introduce additional carrier activation/deactivation latency and potential timing issues.
Alternative 4
Proposed as a tradeoff scheme, the two HS-DPCCH codewords are bit-interleaved (rather than concatenated in time) in this option. When only up to 2C are activated, sign scaled repetition could be implemented in order to make a 1xSF256-like codeword. The working principle is illustrated in Figure 1, where bit-interleaving scheme is also assumed when all 4 carriers are active, though it could be implemented differently. Again, it is assume here that the transmit power of HS-DPCCH falls back to the same level as R8/R9 legacy 1xSF256 when only up to 2C are activated.
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Figure 1, Sign scaled repetition in Alternative 4
We observe the following:

· The main advantage of Alternative 4 is envisioned that it may be more robust to carrier activation status synchronization errors than the other alternatives.  The same advantage would be seen for Alternative 1, if the NB receiver for 3C/4C operation is capable of decoding the repeated codewords correctly when there is a format mismatch error.
· To be able to make a 1xSF256 equivalent spreading, the repetition needs to be performed differently depending on whether or not DCH is configured, as shown in Figure 1.  When DCH is not configured,  -1 needs be applied on the repetition in order to form a Cch,256,33 equivalent spreading code, or  when DCH is configured, no sign scaling is applied to the repetition that will form a Cch,256,64 equivalent spreading code as desired.
· From a detection performance standpoint, Alternative 4 should be very similar to Alternative 1 with repetition; Alternative 4 does not appear to provide a significant advantage. 

In view of the above analysis, we propose that the spreading factor of the control channel depend on the carrier configuration and not on the carrier activation status.
Proposal 1: Adopt Alternative 1 as a way forward for the HS-DPCCH channelization structure design for general cases of 4C-HSDPA
2.2 Channelization structure for special cases of optimization

If proposal 1 is agreed, it seems natural that the HS-DPCCH channelization structure design for the special cases be in line with the underlying design principle of the general case.  That is, the spreading factor is determined by carrier configuration status rather than carrier activation status.  

Accounting for the fact that the number of HARQ-ACK codewords of 3C non-MIMO case is only 28 (including PRE/POST) that can be well fitted in a 1xSF256 codeword  for optimization, and legacy CQI coding scheme can be reused to maintain desirable CQI feedback [4]
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[5], we propose:
Proposal 2:  Use 1xSF256 channelization structure for the special case where 3 carriers are configured and none of them is configured in MIMO mode.

3 Conclusion

In this contribution, we have restated our position that SF should be carrier configuration dependent only and propose the following:
Proposal 1: Adopt Alternative 1 as a way forward for the HS-DPCCH channelization structure design for general cases of 4C-HSDPA
Proposal 2:  Use 1xSF256 channelization structure for the special case where 3 carriers are configured and none of them is configured in MIMO mode.
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