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1 Introduction
At the RAN plenary #43 a new work item has been agreed [1] to continue the evolution of dual-cell HSDPA by introducing simultaneous support for DC-HSDPA and MIMO operations.
The objective of the work item essentially consists of specifying dual cell HSDPA operation in combination with MIMO for the following scenarios:

a. The dual carrier transmission only applies to HSDPA physical channels

b. The carriers belong to the same Node-B and are on adjacent carriers

c. Functionality currently defined for DC-HSDPA and for MIMO should be reused where possible.
Furthermore, the definition for the signaling solutions shall take the work item on Dual Cell HSUPA into account, but the use of DC-HSDPA with MIMO shall not be dependent on the use of Dual Cell HSUPA.
2 Uplink Control Considerations
Combining DC-HSDPA with MIMO doubles the maximum number of simultaneously received HS-DSCH transport blocks from 2 to 4, when compared to using DC-HSDPA or MIMO separately.  When compared to DC-HSDPA alone, this results in having to signal:

1. double the maximum number of simultaneous ACK/NACK indications;

2. double the CQI/PCI fields to account for the second stream CQI and the antennas precoding weights for each carrier.
For the HARQ-ACK field, the DC-HSDPA+MIMO combined information would require transmission of 50 different indications when including PRE/POST (see Table 1 in [2]).  For the PCI/CQI field, the combined DC-HSDPA+MIMO feedback information would require up to 20 bits.  
A first option for uplink feedback signaling presented in [2] consists of reusing existing functionality and carrying the feedback information over two channelization codes; for example by using two R7 MIMO HS-DPCCH.  This option may be advantageous from many perspectives; not only it has the potential to reduce the overall standardization work; it also has the advantage of reducing the design, testing and certification effort for new terminals.  While it is known that adding a second channelization code may reduce the uplink coverage by 5 to 10% due to cubic metric increase [4], this may not be considered as critical for DC-HSDPA+MIMO as it was for DC-HSDPA alone, since dual-stream MIMO typically target UEs at high geometry; support for low-geometry UEs in this scenario should be left for further study.

A second option, proposed in [2] and [3] consists of using a single channelization code scheme to carry this information on the HS-DPCCH.  While using a single channelization code avoids increasing the cubic metric, this approach requires the design of a new HS-DPCCH format.  A new HS-DPCCH would necessarily use a different code design than the existing schemes and/or use a smaller spreading factor to carry the information.  In either case this will result in additional complexity both at the specification and standardization level and at the implementation level, which may not be justified considering the potential benefits.
Finally, in a third option when dual UL carriers are configured, it is also possible to map each downlink cell to a R7 MIMO HS-DPCCH transmitted on a separate UL carrier.   While this solution also allows reusing existing functionality, it would link the combination of DC-HSDPA with MIMO to dual-cell HSUPA operations, which may be undesirable.
3 Conclusion

In this contribution, considerations for the uplink feedback for support of the combination of DC-HSDPA with MIMO were discussed.  In view of the above discussion, we propose that RAN1 agrees on the dual channelization code HS-DPCCH option as a working assumption, possibly with the single-channelization code HS-DPCCH option FFS.
Proposal 1: The working assumption for the uplink feedback for the combination of DC-HSDPA and MIMO consists of two HS-DPCCH transmitted over two different channelization codes.
Proposal 2: Single channelization code HS-DPCCH for the uplink feedback of the combination of DC-HSDPA and MIMO is for further study.
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