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1 Introduction

A WI to introduce MIMO with 64QAM for HSUPA has been approved in [1].  This aims to enable higher throughput to be achieved in the uplink.  Some of the objectives in [1] are:

1. MIMO and 64QAM shall be operable together

2. The functional specification should not preclude operating MIMO with lower modulation orders than 64QAM

3. The functional specification should not preclude operating 64QAM without MIMO

Hence uplink MIMO and 64QAM should be allowed to operate independently.  This contribution will look at some considerations on the E-DPCCH channel structure for UL MIMO + 64 QAM.
2 Discussions
The current E-DPCCH has 10 info bits, which consists of the E-TFCI field (7 bits), the RSN field (2 bits) and the Happy Bit (1 bit) as shown in Figure 1.
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Figure 1: E-DPCCH format

The Happy Bit is used to indicate to the scheduler that the UE would benefit from more grants.  The Retransmission Sequence Number (RSN) indicates the nth (re)transmission and E-TFCI gives the index to the transport block size carried by the E-DPDCH.
Higher transport block (TB) size can be achieved using 64QAM.  Hence, new (larger) transport block sizes need to be indicated in the E-TFCI field of the E-DPCCH.  A new E-TFCI index to TB size table is required that contains TB modulated using 64QAM.  If the number of E-TFCI bits are maintained (at 7 bits), then this new E-TFCI index ot TB size table would have to have larger granularity in TB size steps.  Alternatively the number of bits in the E-TFCI field can be increased to include more E-TFCI indices but this would require an increase in the number of info bits in E-DPCCH or reuse of existing fields.  An increase in E-DPCCH format would result in changes to the physical format which will increase the complexity in decoding the E-DPCCH and is therefore not desirable.  The existing fields RSN and Happy Bit are required in the HARQ process and the scheduler respectively.  Hence the following are proposed:
Proposal 1: Reuse the existing E-DPCCH format without changes to the fields or field sizes (E-TFCI, RSN and Happy Bit) for 64QAM

Proposal 2: Define a new E-TFCI index to TB size table for UE supporting 64QAM

In the UL MIMO study item, 3 UL MIMO options were considered [2], namely:
1. Single TB rank-2 transmission: Single (larger) TB carried by two spatial streams
2. Dual TB rank-2 transmission: Two independent TB carried, each carried by a separate spatial stream

3. Dual TB rank-2 transmission with interleaving: Two TB are interleaved and carried by two spatial streams.

For the 1st option (Single TB rank-2 transmission), a single E-DPCCH can be used.  UL MIMO with 64QAM will result in a large range of possible TB sizes.  To avoid too coarse granularity, the E-TFCI indices may need to be increased resulting in a change in the E-DPCCH format.  As described previously, it is not desirable to change the physical format of the E-DPCCH.  Alternatively, the E-TFCI index to TB size for a single stream can be used but a factor (larger than 1) is multiplied to the TB size to give the actual TB size whenever the UE uses rank-2. The method for indicating the transmitted rank needs further study, but should not result in a change to the E-DPCCH format; for example, the UE could simply follow the rank instructed by the NB. 
For the 2nd and 3rd options where two TBs are transmitted, the most straightforward solution would be to send two E-DPCCHs, using code multiplexing or I/Q multiplexing.  In this case, each E-DPCCH would indicate the E-TFCI for its corresponding E-DPDCH.  Hence no changes are required on the E-DPCCH format.
Proposal 3: For rank-2 transmission, if a single-TB solution is adopted the E-DPCCH format should be maintained;  a factor can be multiplied to the TB size indicated by the E-TFCI field when the UE uses rank-2. If a two-TB rank-2 solution is adopted, two code-multiplexed or I/Q multiplexed E-DPCCHs should be transmitted, and no changes to the E-DPCCH format are required.

3 Conclusion
This contribution discusses the info carried by the E-DPCCH for UL MIMO + 64QAM.  The following proposals are made:
Proposal 1: Reuse the existing E-DPCCH format without changes to the fields or field sizes (E-TFCI, RSN and Happy Bit) for 64QAM

Proposal 2: Define a new E-TFCI index to TB size table for UE supporting 64QAM

Proposal 3: For rank-2 transmission, if a single-TB solution is adopted the E-DPCCH format should be maintained;  a factor can be multiplied to the TB size indicated by the E-TFCI field when the UE uses rank-2. If a two-TB rank-2 solution is adopted, two code-multiplexed or I/Q multiplexed E-DPCCHs should be transmitted, and no changes to the E-DPCCH format are required.
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