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1. Introduction

At RAN#54 meeting the work item of UL MIMO with 64QAM has been agreed [1]. At RAN1#68 meeting, several agreements were achieved [2] including the transmission architecture, part of the control channel structure, and pre-coding scheme etc. 
According to the current transmitter architecture, the design of some control information on the downlink is needed. In this contribution, we present some considerations on the downlink control information for UL MIMO.
2. Discussion
In current structure, two independent transport blocks are transmitted from the same UE without interleaving. Each is pre-coded with a pre-coding vector to form a stream, and the primary and secondary pre-coding vectors are orthogonal. All legacy physical channels except for S-DPCCH are sent using the primary pre-coding vector, and S-DPCCH is sent using the secondary pre-coding vector. S-E-DPDCH if exists is sent using the secondary pre-coding vector. S-E-DPCCH can be sent using primary pre-coding vector or secondary pre-coding vector. An example of transmission structure for UL MIMO is shown in Figure 1.
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Figure 1: an example of transmission structure for UL MIMO

Based on the structure, some additional downlink control information and corresponding physical channel design should be introduced, or legacy design should be revised to accommodate to UL MIMO. All of these designs are analyzed below.
2.1 Rank indication
Factors such as multipath fading, correlation or imbalance in MIMO channels may lead to eigenvalues change which results in rank change. In 2x2 MIMO channel if two eigenvalues are greatly different from each other, data transmission using rank-1 may have better performance than using rank-2. UE rank is determined by Node B, since Node B has knowledge of the throughput with both rank1 and rank2. Node B determines the rank according to the maximal grant that UE can obtain, however, when power limited or buffer limited, the UE can fall back from 2 to 1 automatically. In addition, for retransmissions, UE may keep rank2 transmission even if it receives rank1 indication. Thus, Node B determines UE rank and UE has self-determination to use that rank. 
Proposal 1: For initial transmission, Node B determines rank and UE follows the rank except in the case of rank fallback. 
The rank indication should be signalled by downlink control information, and c. The reserved slot of F-TPICH can be reused for carrying rank indication. However, the undetermined relative timing between F-TPICH and E-AGCH (or E-RGCH) may lead to inconsistency between the rank and grant. It may happen that Node B simultaneously decides and indicates which rank and grant should be used in next TTI, but the rank and grant do not take effect at the same time because the physical channels carrying rank and grant information have a timing difference. For this reason it would be desirable to transmit both rank and grant that refer to the same TTI in such a way that UE receives them at the same time and there is no ambiguity to which TTI they refer to. The rank indication can be carried by the secondary E-AGCH or secondary E-RGCH so that it can be crank and secondary grant can be obtained and applied at the same time.
Pre-coding indication, as agreed in RAN1#68, is transmitted as in UL-CLTD in the first and second slot of F-TPICH. The relative timing between F-TPICH and E-AGCH (or E-RGCH) may lead to inconsistency between the pre-coding indication and grant. 
Proposal 2: Grant and rank should be transmitted in a way that the UE can always apply them to the correct TTI. The method is FFS.
2.2 Secondary Hybrid ARQ indication
An additional ACK/NACK is needed to indicate the decoding result of the secondary transport block in rank2 transmission. So the secondary hybrid ARQ acknowledgement indicator should be introduced. In legacy transmission the hybrid ARQ acknowledgement indicator for E-DPDCH is carried on E-HICH which is transmitted using 3 consecutive slots for 2ms TTI, and in each slot a sequence of 40 binary values is transmitted. The ACK/NACK is firstly mapped to +1 or -1 and then coded with orthogonal signature sequence. 

A secondary E-HICH (S-E-HICH) physical channel is applied to carry the secondary hybrid ARQ acknowledgement indicator. S-E-HICH can be allocated a new OVSF code and can reuse the E-HICH signature sequence; or, S-E-HICH can use the same OVSF code as E-HICH but use a different signature sequence. From the perspective of UE complexity, allocating the same OVSF code and different signature sequence for S-E-HICH is more suitable. 
Proposal 3: Using E-HICH and S-E-HICH to carry hybrid ARQ acknowledgement indicators for UL MIMO, and allocating the same OVSF code and different signature sequences to these two channels.
2.3 Signaling for secondary E-TFC selection 
The secondary E-TFC selection should be assisted through secondary channel quality which is deduced by SR (SINR ratio) estimated by Node B [2]. SR can be carried by a new physical channel, or jointly designed with current physical control information. 
Proposal 4: The SR information, used for secondary E-TFC selection, is carried by a new channel, or jointly designed with current physical control information.
3. Conclusion
In this document we discussed the control signalling related to UL MIMO and their physical channel design. We propose:

Proposal 1: Node B determines rank, and UE follows the rank. However, rank fallback due to power or buffer limited is FFS.

Proposal 2: Grant and rank should be transmitted in a way that the UE can always apply them to the correct TTI. The method is FFS.
Proposal 3: Using E-HICH and S-E-HICH to carry hybrid ARQ acknowledgement indicators for UL MIMO, and allocating the same OVSF code and different signature sequences to these two channels.

Proposal 4: The SR information, used for secondary E-TFC selection, is carried by a new channel, or jointly designed with current physical control information.
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