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1 Introduction
RAN#54 started a work item (WI) on MIMO with 64QAM for HSUPA (see [1]). The RAN1 part of the WI is planned for completion at RAN#57 (September, 2012). The WI initialization was a result of extensive studies regarding potential benefits and solutions performed during the study item (SI) phase; see [2] for a summary of the findings.  
In this contribution we further elaborate upon some remaining design aspects related to the UL control channel design.
2 UL Control Channel Design for Uplink MIMO with 64QAM

During RAN1#68 a number of agreements were made related to the uplink control channel design (see also Figure 1):

· DPCCH, HS-DPCCH, E-DPCCH and E-DPDCHs are sent as in UL CLTD using the primary pre-coding vector.

· S-DPCCH is sent as in UL CLTD using the secondary pre-coding vector.

· S-E-DPDCHs are sent on the secondary pre-coding vector.

The main remaining issue related to uplink control channel design concerns the S-E-DPCCH. Another question is whether the boosting procedures need to be updated for UL MIMO with 64QAM. Both these issues are further elaborated upon in the next sub-sections.
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Figure 1
 UL physical channel layout for UL MIMO with 64QAM.

2.1 S-E-DPCCH
The S-E-DPCCH will carry control information related to the S-E-DPDCHs. In order to minimize the impact on the standard (RAN4 tests etc) and existing UE/NodeB implementations it makes sense to keep the E-DPCCH slot format also for the S-E-DPCCH. A few other open questions related to the introduction of the S-E-DPCCH include:

· What channelization code to use? In order to minimize the impact on existing NodeB implementations it would be beneficial to I/Q multiplex the E-DPCCHs since then we only need to despread one channelization code in order to detect whether the UE is sending one or two streams. 
· On what stream to transmit the S-E-DPCCH? In our view it makes most sense to transmit the S-E-DPCCH on the primary stream since it is in generalthe most reliable and robust (power controlled) stream. This also facilitates I/Q multiplexing of the E-DPCCHs, and is beneficial if one targets several transmissions, i.e. operates with high initial BLER. 
· Power setting of the S-E-DPCCH? It makes sense to allocate the same power to both E-DPCCHs. This will have a minor impact on the E-DPCCH boosting procedures.

Proposal 1: We propose to I/Q multiplex the E-DPCCHs, and to map the S-E-DPCCH to the primary stream.
2.2 Boosting procedure changes due to UL MIMO
If the S-E-DPCCH is mapped to the primary stream then we need to update the E-DPCCH boosting procedures to make sure that both E-DPCCHs are boosted by an equal amount. 
The boosting framework introduced for CLTD, where the primary stream uses boosting based on the traffic-to-pilot power ratio (E-DPCCH boosting) and the S-DPCCH may use boosting based on the traffic-to-second-pilot power ratio, might be too inflexible for MIMO operation. For rank1 transmissions it might be sufficient to boost only the primary stream (and not also the S-DPCCH). CSI information, such as which rank and pre-coding vectors to use, can be done sufficiently well without S-DPCCH boosting, and the power which would have been spent on boosting the S-DPCCH can be spent on data for the primary stream, hence potentially increasing the throughput. For rank2 transmissions, on the other hand, it might be necessary to boost both the primary and the secondary stream to get sufficiently good channel estimates for demodulating data. Hence, it could be beneficial to have a mechanism that provides the flexibility to boost the secondary stream (S-DPCCH) differently depending on whether it is a rank1 or rank2 transmission.
Proposal 2: We propose to introduce rank dependent boosting parameters for the S-DPCCH boosting procedure.

3 Conclusions
This contribution discussed some remaining UL control channel design aspects related to UL MIMO with 64QAM.
A summary of the proposals are given below:

Proposal 1: We propose to I/Q multiplex the E-DPCCHs, and to map the S-E-DPCCH to the primary stream.

Proposal 2: We propose to introduce rank dependent boosting parameters for the S-DPCCH boosting procedure.
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