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1. Introduction
MIMO has been intensively discussed for a long time. A vast number of proposals and methods have been proposed and discussed. Some general text has been accepted for inclusion in ‎[2], but no major selection on what to evaluate has been done. It should be noted that the study item phase is almost over and the need for a MIMO scheme to evaluate is desperately needed.
A vast number of schemes and functionality related to MIMO has been presented. A common denominator between a majority of the proposals is a scheme based on separate encoding of the streams ‎[1] in case of SDM. Several flavors of PARC, PSRC and MCW approaches have been proposed. In addition to this, it has been proposed that rank adaptation should be an inherent part of the selected MIMO scheme. Also, pre-coding in some form (unitary or non-unitary) has been proposed. In this input we argue that the time for further proposals are over, and that RAN1 selects a MIMO scheme to be used in the evaluation process of E-UTRA. 

It should be noted that the goal with the study phase is to show that the targets and requirements set by [ref] can be met. It is our opinion that details that currently are discussed [ref MIMO chairman notes Denver and Seoul] will not affect the performance to any large extent, and can therefore be left out from the study phase. During the study phase, performance benefits of different multi-antenna processing techniques should be evaluated and compared to the performance given by a default antenna configuration of one TX and two RX antennas. In this comparison, overhead from signaling and measurements should be taken into account.
With the above in mind, and considering the short period of time that remains until the study phase is over, we propose to limit the scope of the multi-antenna study (during the study phase) to a few simple and well defined concepts.

2. Downlink MIMO proposal 

2.1. On the number of streams
Since a vast majority of the proponents seem to prefer a scheme based on individual coding of the transmitted streams, we propose that RAN1 accepts this as a working assumption during the study phase. Further we propose that the focus is put on supporting 2 streams/user while 4 streams can be considered as optional in the performance evaluation.
2.2. Rank adaptation

Rank adaptation is an important feature in order to optimize the transmission to the current channel and interference conditions. Rank adaptation can, in principle, be done in two ways. Either the number of transmitted streams is selected per RB, or per TTI. Selection by RB might give higher performance to the cost of increased signaling. We propose that only selection per sub-frame (or TTI) is selected for evaluation.
2.3. Feedback based beamforming (pre-coding)

Beamforming based on UE feedback or pre-coding of the transmitted data streams may be beneficial for slow moving users at e.g. the cell edge. To limit the set of code-books to evaluate we propose that only unitary-based pre-coding is evaluated during the study phase. 
3. References

[1] R1- 051582, ” TP on possible MIMO schemes for OFDM-based E- UTRA Downlink”, QUALCOMM Europe
[2] TR 25.814, “ Physical Layer Aspects for Evolved UTRA”

------------------------------------------ Text Proposal ----------------------------------------------------


7.1.1.4   Multi-Antenna operation
The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (four TX/RX antennas) should also be considered. 
Since control channel performance can be difficult to improve through other sources of diversity (retransmission, link adaptation, etc.), open loop transmit diversity schemes should be considered for the downlink control channels. The open loop transmit diversity can also be considered for the downlink unicast traffic. Transmit diversity schemes vary with respect to their complexity and ability to support a variable number of transmit antennas. Therefore, the simplicity and scalability of transmit diversity schemes should be compared as well as their performance gains. Open loop block code-based transmit diversity, cyclic shift diversity, and combined space-time (or space-frequency) block code/cyclic shift diversity techniques should be considered.
7.1.1.4.1   Aspects for LTE MIMO 

Aspects to consider for LTE MIMO discussions are as follows:

· Micro-cellular/Hot-spot and macro cellular environments should be considered in performance evaluation

· Not increase number of operation modes unnecessarily. Impact on receiver architecture should also be considered

· Realistic assumptions have to be taken into account when comparing different MIMO concepts, such as feedback errors and delays, needed multi-antenna reference signal overhead and its effect on performance, complexity and signalling requirements etc. The resulting reference signal and signalling overheads in both uplink and downlink have to be justified by the shown improvements. The performance gain can initially be evaluated using full buffer traffic, but a later detailed analysis should be done using bursty traffic models.
7.1.1.4.2    High level principles of MIMO for unicast traffic

Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency(-code) resource is supported. When a MIMO channel is solely assigned to a single UE, it is known as single user (SU)-MIMO. 

Other high level principles  are as the followings:

· Maximum antenna configuration for evaluation is 4x4.
· Multiple codewords that use the same time-frequency(-code) resource and are independently channel-coded with independent CRC should be investigated.  The focus during the evaluation should be on 2 codewords per UE transmitted by the NodeB, but up to 4 transmitted codewords can be considered. 
· 
· Use  of pre-coding as a means to convert the antenna domain MIMO signal processing into the beam domain processing should be investigated. The precoding should be unitary. Because precoding might require less complex (linear) receivers to achieve a given level of performance, both the receiver complexity requirements and the performance of MIMO algorithms should be considered.  Any additional feedback required for precoding and any additional related computational complexity in the UE should also be taken into account.
· Rank adaptation (and/or the antenna subset selection), of which exact implementation is FFS, is supported for evaluation as a means to prevent possible performance loss from using higher number of MIMO layers than can be supported by the channel condition. As default the rank adaptation is done per sub-frame. The benefit of per resource block adaptation must be shown including cost for increased signaling. The robustness aspect must also be taken into account.
· An open loop transmit diversity should be investigated as an alternative mode of MIMO operation than the one requiring MIMO-specific feedback from the UE. 
· Followings are identified as candidates for the UE feedback information but not limited to:
· MIMO channel state information, which may be used by the Node B to determine MIMO processing consisting of e.g., selection of the rank (and/or the antenna subset), and/or the pre-coding, etc.  
· If, for TDD operation, uplink reference signals should be transmitted to provide channel state information to support downlink MIMO transmission.
· Channel quality indicator (CQI), which may be used by the Node B to decide a MCS level(s). In addition to the CQI, another form of feedback signalling, which may be similar to the feedback information (FBI) as defined from Rel-99, should be considered as a candidate feedback signalling. 
· If multiple operation modes are defined, e.g. MIMO and open loop transmit diversity,, and an open loop MIMO are supported, it may be needed for a UE to inform the Node B of the indication of (preferred) operation mode.
7.1.1.4.3    High level principles of MIMO for broadcast traffic

The MIMO transmission for the broadcast traffic should be discussed noting that 

· in broadcast, there will be a single transmitter and multiple receivers

· feedback signalling from the UE may not be feasible.

