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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.  
A few high-level design aspects for UL MIMO with 64QAM were discussed in [3]. In this contribution we further elaborate upon design aspects related to the UL control channel design.
2 UL Control Channel Design for Uplink MIMO with 64QAM

This section discusses some of the design alternatives for UL control channels needed for UL MIMO with 64QAM. The paper is written under the assumption that 3GPP agrees to adopt a dual codeword approach with independent streams for MIMO with 64QAM. If this is not the case, other design alternatives for the UL control channels should be considered.
In our view it is most natural to leverage on the physical channel structure that was agreed for CLTD. This would maximize the commonality between rank1 MIMO transmissions and CLTD which is desirable. Hence, we favour a physical channel layout where all physical channels are pre-coded with a primary or secondary precoding vector; see Figure 1. The primary precoding vector is
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and the secondary precoding vector is
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The two precoding vectors are orthogonal to each other, i.e. the precoding matrix
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is unitary.
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Figure 1
 Illustration of a pre-coded physical channel structure; see [1]. Note, however, that S-E-DPCCH in our view should be mapped to the primary stream.
2.1 DPCCH
We see no reasons for not adopting the CLTD design choices made for DPCCH and S-DPCCH also for UL MIMO with 64QAM. For CLTD, the S-DPCCH is used for determining channel state information (CSI), such as preferred precoding vector, whereas for MIMO with 64QAM the S-DPCCH is used both for determining CSI and for demodulating the S-E-DPDCH. For MIMO with 64QAM, CSI consists of at least the preferred precoding matrix and the preferred rank. Since the S-DPCCH is used for demodulating data, it might be necessary to further analyse whether the boosting of S-DPCCH is sufficient for MIMO with 64QAM.
Proposal 1: We propose to adopt the CLTD design choices made for P-DPCCH and S-DPCCH also for UL MIMO with 64QAM.

2.2 E-DPCCH
Under the assumption that we adopt a dual codeword approach with independent streams for MIMO with 64QAM we need to add control information related to the S-E-DPDCH. In order to minimize the impact on existing UE/NodeB implementations the natural approach is to introduce a secondary E-DPCCH (S-E-DPCCH) associated with the S-E-DPDCH. Hence the S-E-DPCCH is only transmitted whenever there is a dual stream transmission taking place. The exact design of the S-E-DPCCH is FFS. From a simplicity point of view it could make sense to keep the E-DPCCH slot format also for S-E-DPCCH. Note, however, that if HARQ bundling and/or channelization code restrictions for dual stream transmissions are agreed, then quite a few of the S-E-DPCCH bits become obsolete. For example, we need fewer E-TFCI bits, and no RSN bits. A few other open questions related to the introduction of the S-E-DPCCH include:

· What channelization code to use. This will have an impact on CM.
· 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 in general is more reliable.

· Power setting of the S-E-DPCCH. It makes sense to allocate the same power to both E-DPCCHs. Possible impacts on boosting need also to be considered.

Apart from signalling control information related to the S-E-DPDCH it might also be necessary to signal the used rank in the UL. Assuming that we agree on having one E-DPCCH per data stream, i.e. use E-DPCCH for rank1 and E-DPCCH and S-E-DPCCH for rank2, the number of E-DPCCHs can be used as implicit rank indication in the UL. However, this has a negative impact on the NodeB hardware resource utilization since we need to detect two E-DPCCHs all the time. Hence, from a hardware resource utilization point of view it is beneficial to have explicit rank indication signalled in the uplink and this information needs to be conveyed on the (primary) E-DPCCH. The most straightforward solution would be to re-interpret the happy bit on the E-DPCCH. A happy UE indicates rank1 transmission, and an un-happy UE indicates rank2 transmission. For a rank2 transmission the S-E-DPCCH needs to be despread, and then the happy bit on S-E-DPCCH carries the information whether the UE is happy or not. Hence, the happy bit on E-DPCCH is re-interpreted as a rank indicator, whereas the legacy happy bit information is transmitted on the S-E-DPCCH during rank2 transmissions.
Proposal 2: We propose to introduce a secondary E-DPCCH associated with the secondary E-DPDCH. The S-E-DPCCH should be mapped to the primary stream, and use the same power setting as the E-DPCCH.
Proposal 3: We propose to support explicit rank indication in the UL by means of re-interpreting the E-DPCCH happy bit.
2.3 HS-DPCCH
We see no need to change anything related to the HS-DPCCH due to the introduction of MIMO with 64QAM. The HS-DPCCH should be mapped to the primary stream.
3 Conclusions
This contribution discussed different UL control channel design aspects related to UL MIMO with 64QAM. The proposals are made under the assumption that 3GPP agree to adopt a dual codeword approach with independent streams for MIMO with 64QAM, otherwise other solutions should be discussed.
Proposal 1: We propose to adopt the CLTD design choices made for DPCCH and S-DPCCH also for UL MIMO with 64QAM.

Proposal 2: We propose to introduce a secondary E-DPCCH associated with the secondary E-DPDCH. The S-E-DPCCH should be mapped to the primary stream, and use the same power setting as the E-DPCCH.

Proposal 3: We propose to support explicit rank indication in the UL by means of re-interpreting the E-DPCCH happy bit.
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