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1 Introduction
The HS-DPCCH design for the 4C-HSDPA feature has been extensively discussed during RAN1#59bis, RAN1#60 and RAN1#60bis. An agreement ought to be reached during RAN1#61 in order to be able to meet the overall time plan for the work item [1]. We have provided our input to this topic in contributions [2] ~ [8] to the previous meetings.

Contribution [10] proposes to adopt the following HS-DPCCH design choices.
· Adopt SF128 for HS-DPCCH for all cases when 3 or 4 carriers are configured.

· A DTX codeword is included in the ACK/NACK codebook.

· Changing transmission power in the middle of an uplink slot due to half slot ACK/NACK transmission should be avoided.

· The ACK/NACK and CQI/PCI information for the 1st and 2nd carriers is repeated when the 3rd and 4th carriers are deactivated.

· The minimum CQI feedback cycle is 4 ms for all cases when 3 or 4 carriers are configured.
This contribution provides further discussion on these and some other proposals.

2 Discussion
2.1 Preferred structure
Figure 1 illustrates our preferred HS-DPCCH solution for 4C-HSDPA. The proposal has already been discussed in detail in [5].
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Figure 1: An HS-DPCCH format using SF128 supporting 4C-HSDPA.
The CQI/PCI is coded according to Rel-5 for non-MIMO carriers and according to Rel-7 for MIMO carriers. The last CQI/PCI field is only transmitted in case 4 carriers are configured and activated. Further proposals related to the CQI configuration can be found in [9].
The ACK/NACK codebook is re-used from Rel-9 DC-HSDPA-MIMO with a DTX codeword added, e.g. re-using the POST codeword as a DTX codeword. The NodeB can use knowledge of the carrier configuration (MIMO or non-MIMO) as well as the actual number of streams transmitted (in case a carrier is configured with MIMO) in the ACK/NACK decoding process.

2.2 Repetition
In case only carrier 1 or carriers 1+2 are activated, the corresponding ACK/NACK and CQI/PCI information is repeated in order to achieve similar performance and uplink coverage as in the legacy single- and dual-carrier cases.
In our view, as discussed in [6], it is not necessary to achieve legacy dual-carrier performance in the cases when carriers 1+3 or 1+4 are activated, and perhaps it is not even desired since this would require that the information for carrier 3 or 4 is remapped to the position where the information for carrier 2 would normally be. However, we are anyway open to accepting repetition of the information also in these cases since these cases will anyhow only occur if the network would actually order the UE to go to carrier activation status 1+3 or 1+4, something that will probably not happen very frequently if ever.
2.3 On cross-combined CQIs
It has been proposed [11] to introduce a cross-combined scheme for the CQI information for the case when the UE is configured with 3 carriers without MIMO. With this scheme it is possible to achieve a minimum CQI feedback cycle of 3 ms.
We do not see any particular reason to allow a slightly shorter CQI feedback cycle (3 ms) in the 3-carrier non-MIMO case compared to the 3-carrier MIMO case (4 ms). As is discussed in [9], not even a 2-ms cycle seems to perform significantly better than a 4-ms cycle.
However, if it would anyway be desired to support a shorter cycle in the non-MIMO case, this can easily be achieved with the structure in Figure 1 by simply replacing the Rel-5 CQIs with Rel-8 DC-HSDPA CQIs which allows for supporting 2 ms CQI feedback cycle for 3-4 carriers.
It is not obvious how the cross-combined scheme would work if the CQI feedback cycle would take any other value than 3 ms. In fact the scheme seems optimized for this particular value only, whereas other solutions are able to support both shorter and larger cycles more efficiently. For further discussion on the CQI configuration aspects of the cross-combined scheme, refer to [9].

Also, with the cross-combined scheme it is not clear what is supposed to happen when carriers are deactivated. What format should be used for a UE configured with 3 carriers of which only 1 or 2 are activated? Another question is what format should be used for a UE configured with 4 carriers of which only 3 are activated – we assume that a UE configured with 4 carriers should never switch to the cross-combined scheme regardless of the activation status so it seems that the UE will need to support two different formats for these 3-carrier cases.

2.4 On spreading factor switching
Other solutions have been proposed where the spreading factor would adapt dynamically to the carrier activation status, i.e. the spreading factor would switch from SF128 to SF256 whenever only 1 or 2 carriers are active, instead of staying with SF128 and apply repetition to the information fields.
In our view this SF switching has no clear benefits and results in less robustness, since the HS-DPCCH decoding even for the primary carrier will be ruined if NodeB happens to assume a different spreading factor than the one used by UE. It has been a guiding principle in the specification work for Rel-8/9 that the HS-DPCCH feedback for the primary carrier should be robust against erroneous control signaling in downlink or uplink (e.g. the HS-SCCH orders and the ACKs of the HS-SCCH orders). These potential error cases may occur even more frequently if some mechanism for autonomous carrier deactivation is introduced.
Furthermore, SF switching results in larger complexity at least on the NodeB side (probably also on the UE side) and a larger cost for implementation and verification. As a way to somewhat reduce this additional cost, it has been suggested to restrict the point in time for SF switching to frame boundaries. To our understanding this would mean that there would be an additional delay of 0-14 slots on top of the current 12-slot delay before the new format can be used after a carrier activation change, which seems like a significant drawback to say the least.
One presented argument for the SF switching scheme [12] is that it would avoid implementation of “parallel modes” in the UE, i.e. different HS-DPCCH formats for the legacy single- or dual-carrier cases on one hand and the new 4C-HSDPA cases with only 1 or 2 carriers activated, respectively. However, the same source proposed to introduce almost exactly this type of parallel modes in contribution [13] to the same meeting for 4C-HSDPA and earlier on in contribution [14] for Rel-9. Taking all these proposals into account, we would end up with not less than three modes: SF128 when all carriers are activated, SF128 with a special CQI value for deactivated carriers when timer-based deactivation kicks in, and SF256 when HS-SCCH ordered deactivation takes place. In our view a solution with a fixed (semi-static) spreading factor is highly preferable.
3 Conclusions
This contribution provided further discussion on the proposals in [10] and some other proposals. We propose that RAN1 at least takes the proposals in [10] as working assumptions in order to be able to proceed with the RAN1 CR drafting.
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