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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 and RAN1#68bis 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.
· S-E-DPCCH is transmitted on the primary precoding vector.
· S-E-DPCCH is I/Q multiplexed with E-DPCCH on the Rel-6 E-DPCCH code.
· The presence of S-E-DPCCH indicates rank2, the absence rank1, when the UE’s max rank is 2.
· S-E-DPCCH is never sent when the UE’s max rank is 1.
· When E-DPCCH is not boosted, the S-E-DPCCH is transmitted with the same power as E-DPCCH.
The main remaining issue related to uplink control channel design concerns the power setting of the E-DPCCH and S-E-DPCCH when boosting is configured. This issue is 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 The S-E-DPCCH power setting when boosting is configured
Since both the E-DPCCH and the S-E-DPCCH are transmitted on the primary stream, either or both of these channels can be used to enhance the channel estimation quality of the primary stream. The main question is then whether the S-E-DPCCH power should remain fixed or if it should be boosted whenever E-DPCCH boosting is configured. To keep the S-E-DPCCH power fixed and only boost the E-DPCCH has the benefit that the existing E-DPCCH boosting procedures can be kept unchanged which means minimal impact on the current standard. To boost both the E-DPCCH and the S-E-DPCCH by the same amount has the benefit that the probability to detect the control channels increases (and should be roughly equal). Also, we keep the power balance between the I-branch and the Q-branch which is beneficial from a CM perspective and hence preferred.  
Proposal 1: We propose to boost E-DPCCH and S-E-DPCCH by an equal amount whenever E-DPCCH boosting is applied.
The next question is how the power allocation for E-DPCCH and S-E-DPCCH should be specified. Given Proposal 1 and the agreements stated in the previous section, the most straightforward alternative is to say that the power of the S-E-DPCCH always should equal the power of the E-DPCCH, i.e.
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where (sec denotes the gain factor for the S-E-DPCCH. To make sure that we have the same total amount of boosting for rank2 as for rank1 we can reduce the calculated E-DPCCH power by 3dB during rank2 transmissions. This would essentially mean that
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However, in order to ensure that the minimum E-DPCCH power level is not violated, it might be better to update the existing boosting formulas specified in [3].

Proposal 2: We propose to update the existing E-DPCCH boosting formulas according to 
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 where rank denotes the current transmission rank (1 or 2).
3 Conclusions
This contribution discussed some remaining UL control channel design aspects related to UL MIMO with 64QAM.
The proposals are summarized below:

Proposal 1: We propose to boost E-DPCCH and S-E-DPCCH by an equal amount whenever E-DPCCH boosting is applied.
Proposal 2: We propose to update the existing E-DPCCH boosting formulas according to 
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 where rank denotes the current transmission rank (1 or 2).
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