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1 Introduction
During RAN1#63bis and RAN1#64 work on 8C-HSDPA has been initiated. At RAN1#64 the following agreements and working assumptions were reached:

One of the open issues related to 8C-HSDPA is the HS-DPCCH design. In this paper we present a proposed HS-DPCCH solution. The solution is based on 2xSF128 I/Q multiplexed HS-DPCCHs and it is a companion paper to [1], which focus on the cubic metric aspects.

2 Discussion
2.1 Current working assumptions

One of the working assumptions agreed at RAN1#64 was that the carriers should not be paired for the purpose of CQI and HARQ-ACK reporting in 8C-HSDPA. As we mentioned in [1] we see several problems associated with the bundling downlink carriers for the purpose of HARQ-ACK and CQI reporting, which will degrade the user throughput. Hence we propose to confirm the current working assumptions.

Proposal 1: Confirm the working assumptions that carriers are not paired for the purpose of CQI and HARQ-ACK reporting. 
The second working assumptions from RAN1#64 is that the Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmission. In our view, a significant amount of time and work was spent on designing HARQ-ACK codebooks during Rel-8, Rel-9, and Rel-10. As the additional performance from designing yet another HARQ-ACK codebook would be marginal while it would come at some additional implementation and testing cost our preference would be to confirm the current working assumption.

Proposal 2: Confirm the working assumptions that the Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions.

The last working assumption was related to the HS-DPCCH structure. Based on the analysis presented in [1] our preference would be that the existing working assumption is confirmed. 

Proposal 3: Confirm the working assumption that a 2xSF128 HS-DPCCH is used for all cases of 5-8 carriers with and without MIMO configured. 

2.2 Other design considerations 
The HS-DPCCH solution based on I/Q multiplexed 2xSF128 HS-DPCCH transmitted on the same channelization code. This ensures that it is possible to de-spread the HS-DPCCH in the Node-B using a single de-spreader and an overview is presented in Figure 1.
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Figure 1: Illustration of a HS-DPCCH format if 2xSF128 solution is adopted. 
2.2.1 CQI/PCI related aspects

With a 2xSF128 HS-DPCCH solution it would be possible to re-use the Rel-10 CQI encoding for the CQI/PCI information associated with the different carriers. This approach would result in that the CQI/PCI information for a maximum of 4 downlink carriers can be transmitted within a single sub-frame. Hence we propose:

Proposal 4: The CQI/PCI encoding for the downlink carriers are self-contained (this is the same as in Rel-9 DC-HSDPA+MIMO and Rel-10 4C-HSDPA)

Proposal 5: The minimum CQI/PCI feedback cycle is 4 ms (this is the same as in Rel-9 DC-HSDPA+MIMO and Rel-10 4C-HSDPA).
2.2.2 Carrier re-mapping upon HS-SCCH ordered (de)activation

As a general design principle we should also (as for the other MC-HSDPA features) aim at ensuring that 8C-HSDPA achieves similar HS-DPCCH coverage as in previous releases given that the same number of downlink carriers are activated. Thus, some form of dynamic re-ordering combined with repetition will be necessary when 4 or less downlink carriers are activated. 
To ensure robustness we should require that the HARQ-ACK and the CQI/PCI information associated with the (at least) the serving HS-DSCH cell never is re-mapped. This is similar to Rel-10. 
Proposal 6: 8C-HSDPA should provide a similar HS-DPCCH coverage as provided by Rel-8/9/10 when the same number downlink cells are activated.
Proposal 7: The HARQ-ACK and CQI/PCI information associated with the serving HS-DSCH cell should not be remapped.
In [1] a cubic metric analysis is presented. Based on the results presented in that contribution it was concluded that the cubic metric associated with the Q-branch is smaller than the cubic associated with transmissions on the I-branch. Hence it seems reasonable to require that the serving HS-DSCH cell always is mapped to the Q-branch. 

Proposal 8: The HARQ-ACK and CQI/PCI information associated with the serving HS-DSCH cell should always be mapped to the Q-branch.
Proposal 9: When 3 or fewer secondary serving HS-DSCH cells are activated HS-DPCCH information should be mapped to the Q-branch. 
To further simplify the specifications and minimize the need for new test cases it would in our view be desirable if the mapping of HS-DPCCH related information for a UE configured with 8C-HSDPA is the same as for UE configured with 4C-HSDPA if the number of active secondary serving HS-DSCH cells coincides.

Proposal 10: The mapping of HS-DPCCH related information for UEs configured with 5-8 carriers HSDPA should be the same as when the UE is configured 4C-HSDPA.
2.2.3 Other HS-DPCCH related parameters
During the work items for the Rel-8, Rel-9, and Rel-10 multi-carrier HSDPA features there have been discussions concerning whether there is a need to introduce carrier specific HS-DPCCH parameters. Since the CQI repetition factor as well as the HARQ-ACK repetition is related to the HS-DPCCH uplink coverage and the HS-DPCCH is transmitted on one uplink carrier there are no technical reasons to allow for carrier specific HARQ-ACK and CQI repetition factors. 

Proposal 11: The HARQ-ACK repetition factor (N_acknack_transmit) and CQI repetition factor (N_cqi_transmit) should be common for all configured downlink carriers.
Furthermore, given that the downlink are spread over different frequency bands and moreover may be configured in MIMO mode on a per carrier basis there could be reasons for allowing carrier specific CQI feedback cycle for 8C-HSDPA. On the other hand, this was also true for Rel-9 DB-DC-HSDPA and Rel-10 4C-HSDPA and in those two releases RAN1 agreed to use a common CQI feedback cycle. To maximize the commonality of the different features it could thus be motivated to use a common CQI feedback cycle for 8C-HSDPA.

Proposal 12: The CQI feedback cycle is common for all downlink carriers.

3 Conclusions
In this contribution we have discussed HS-DPCCH design for 8C-HSDPA. The following is proposed:
Proposal 1: Confirm the working assumptions that carriers are not paired for the purpose of CQI and HARQ-ACK reporting. 

Proposal 2: Confirm the working assumptions that the Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions.

Proposal 3: Confirm the working assumption that a 2xSF128 HS-DPCCH is used for all cases of 5-8 carriers with and without MIMO configured.

Proposal 4: The CQI/PCI encoding for the downlink carriers are self-contained (this is the same as in Rel-9 DC-HSDPA+MIMO and Rel-10 4C-HSDPA)

Proposal 5: The minimum CQI/PCI feedback cycle is 4 ms (this is the same as in Rel-9 DC-HSDPA+MIMO and Rel-10 4C-HSDPA).
Proposal 6: 8C-HSDPA should provide a similar HS-DPCCH coverage as provided by Rel-8/9/10 when the same number downlink cells are activated.
Proposal 7: The HARQ-ACK and CQI/PCI information associated with the serving HS-DSCH cell should not be remapped.
Proposal 8: The HARQ-ACK and CQI/PCI information associated with the serving HS-DSCH cell should always be mapped to the Q-branch.
Proposal 9: When 3 or fewer secondary serving HS-DSCH cells are activated HS-DPCCH information should be mapped to the Q-branch.

Proposal 10: The mapping of HS-DPCCH related information for UEs configured with 5-8 carriers HSDPA should be the same as when the UE is configured 4C-HSDPA.
Proposal 11: The HARQ-ACK repetition factor (N_acknack_transmit) and CQI repetition factor (N_cqi_transmit) should be common for all configured downlink carriers.
Proposal 12: The CQI feedback cycle is common for all downlink carriers.
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Agreements:


The HS-DPCCH subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.


The transmit power in slots carrying HARQ-ACK or CQI/PCI information should be fixed during the entire slot (as in all previous releases).


8C-HSDPA should provide at least the same HS-DPCCH coverage as provided by Rel-8/9/10 when the same number downlink cells are activated.





Working Assumptions:


The Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions.


Carriers should not be paired for the purpose of CQI and HARQ-ACK reporting in 8C-HSDPA - can be revisited if significant benefits are shown from pairing


2xSF128 for all cases of 5-8 carriers with and without MIMO configured


can be revisited if significant problems are identified. 
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