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1. Introduction
The Study Item on Uplink MIMO was initiated at RAN#50 [1] and an excellent discussion document was provided to the previous RAN1 meeting [2].

The intention of this document is to give our view on a number of UL MIMO related issues in order to facilitate discussion and convergence towards a preferred design.

2. Discussion

2.1. Overall MIMO Approach

The HSUPA MIMO design should reuse as much as possible the “codebook-based precoder” paradigm of HSDPA MIMO. A single solution is preferred, covering both HSUPA dual stream MIMO as well as single stream CL TX diversity under the dynamic and static switching scenarios, namely:
· Static switching: the ability to RRC configure a given radio link as CL dual TX antenna, single stream-capable or dual stream-capable.

· Dynamic switching: the ability to L1/L2 configure the dual-stream capable radio link for single or dual stream transmission based on the instantaneous buffer state, channel conditions etc.
2.2. Soft Handover
The soft handover benefits should be quantified, namely:
· The ability of non-serving cells to demodulate the data channels.

· The ability of non-serving cells to recommend the preferred precoding weights.

· The ability of non-serving cells to recommend the maximum rank

Rank-1 and rank-2 transmission objectives and motivation are somewhat conflicting in this respect: Rank-1 beamforming is predominantly seen as a coverage improvement feature, where soft handover gains are important. On the other hand, rank-2 transmission is a peak data rate enhancement, most likely of use away from the cell edge and not benefiting from SHO.
SHO operation may involve precoding vector signalling in both UL and/or DL, although the details are dependent not only on SHO support but also on the preferred pilot precoding scheme and signalling robustness requirements.

Depending on design choices, there may be a need for the non-serving cell to restrict the maximum rank to 1 independent of the serving cell’s preference.

2.3. Rank-2 Transmission Options

The benefits of a single vs. dual transport block architecture for rank-2 transmission should be analyzed. The dual transport block architecture has advantages for IC-based receivers. On the other hand, mapping a single transport block onto two layers in the case of rank-2 transmission has advantages in terms of less HARQ signalling, which may compensate for any degradation in the data link. The single transport block design would also simplify the overall physical layer changes required as well as avoid the need for separately scheduling the two TBs.
2.4. Scheduling, rank and E-TFC selection

The scheduling could be foreseen to follow the basic HSUPA principles, where the UE is assigned with a maximum grant, and the UE selects the E-TFC within that grant. The question how these extend to MIMO. The power allocation grant as defined today could be seen as an aggregate grant over both streams, as it is designed to manage the maximum noise rise the UE can transmit to the cell. The question is then how does the UE choose the transmission rank and how many bits each layer can deliver. The performance benefits of more complicated approaches vs. simpler ones require careful study.
2.5. Pilot Configuration

A number of pilot transmission schemes for CL UL beamforming are currently under discussion [3, 4, 5, 6]. It should be noted that the benefits of these schemes should be evaluated with their extendibility to MIMO in mind.
3. Summary
This document made the following points that should be considered when making the uplink MIMO design choices:

· The overall uplink MIMO design should follow the “codebook-based precoder” paradigm of HSDPA MIMO as much as possible

· The soft handover benefits (ability for non-serving cells to demodulate the data channels, recommend precoding weights and restrict maximum rank) should be quantified before design choices are made.
· The benefits of single vs. dual transport block architecture for rank-2 transmission should be analyzed.

· The scheduler control of rank and E-TFC selection needs detailed investigation.

· The pilot transmission schemes of the closed loop beamforming should be evaluated with their extendibility to MIMO in mind.
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