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1 Introduction

This contribution summarizes the outcome of the LTE MIMO email discussion took place between R1#44bis and R1#45 meetings, which could serve as the baseline for discussion during R1#45 meeting.
2 Discussion summary
2.1 Continuation from R1#44bis

The first part of email discussion was on the text proposal to capture the context of [1] into TR 25.814, as agreed in R1#44bis meeting in Athens. Initial text proposal [2] was proposed on April 20. The text proposal was a few times revised according to the email discussion and was finally agreed on May 3 [3]. 

2.2 Preparation for R1#45

The second part of email discussion was on the further details of the LTE MIMO principles and was started on April 27. The following topics were suggested by the moderator. 
------------------- start of the list ---------------------------------------
1 Downlink MIMO spatial multiplexing
1.1 Pre-coding
1.1.1 Is only linear pre-coding assumed?

1.1.2 Is the pre-coding applied to the reference signal?

1.1.3 Unitary vs non-unitary

1.1.4 Codebook-based vs non-codebook-based

1.1.5 Number of pre-coding codebooks

1.2 Number of codewords
1.2.1 Only single codeword. Rank adaptation controls the number of layers
1.2.2 Multiple codewords
1.2.2.1 Is maximum number of codewords equal to the number of transmit antennas? Or limited to e.g. 2?

1.3 Rank adaptation
1.3.1 (If multiple codewords are supported) Is one codeword mapped to only one layer? Or may one codeword be mapped to multiple layers?
1.4 UE feedback information

1.4.1 Is there any other candidate in addition to the ones captured in the current TR? 

1.4.1.1 Feedback information to support “Interference aware” MIMO?
2 Uplink MIMO spatial multiplexing

2.1 Multiple stream transmission from a single UE

2.2 Spatial division multiple access (virtual MIMO)

3 Downlink transmit diversity & beamforming

3.1 Transmit diversity scheme for each control channel

3.2 Beamforming

3.2.1 Only for data or for both data and control signaling 

3.2.2 Impact on reference signal structure

4 Uplink transmit diversity

------------------- end of the list ---------------------------------------
Among the topics listed above, the pre-coding aspects were mainly discussed, which was firstly focusing on the spatial multiplexing aspects (discussion item 1.1) but was extended to the beamforming aspects (discussion item 3.2) later. The UE feedback information (discussion item 1.4) was also discussed a bit especially concerning on the so called “Interference aware” MIMO.
2.2.1 Agreements and open issues
In this section, the agreements and the open issues for each topic discussed over the email reflector are summarized.

1) Is only linear pre-coding assumed?

Agreements
Only linear precoding will be considered in future discussion. 
2) Is the pre-coding applied to the reference signal?
Agreements
It was perceived that the common reference signal, which can be used by some UEs for the downlink CQI estimation and/or the selection of the preferred pre-coding vector(s), should not be pre-coded (or beamformed) for both FDD and TDD. Especially in TDD, this is because despite the channel reciprocity, the interference situation is different between uplink and downlink. The UE is supposed to take into account the pre-coding when estimating the CQI relevant for the pre-coded signal. 
Open issues

It is still open whether to allow the pre-coding of the reference signal that is used for control/data demodulation. Major discussion points are summarized below.
· The pre-coded (or beamformed) reference signal, according to some companies, may be important to further improve the coverage. Possible impacts of the pre-coded reference signal on the overall LTE downlink design were discussed, which includes

· Separation of the non-precoded common reference signal and the precoded reference signal in time, e.g., the former is transmitted only in a subframe per 10ms frame. Impact of this approach on the CQI measurement accuracy should be investigated.
· Control signalling must be transmitted in a block-localized (one or two blocks) manner, with the dedicated pre-coded reference signals inserted within each block. Impact of this approach on overall control signalling design including the performance and the Node B power requirement should be investigated.

· It was commented by some companies that simultaneous use of the non-precoded reference signals and the precoded reference signals for control/data demodulation would result in too much overhead. 

3) Unitary precoding vs non-unitary precoding

Open issues

Two open issues were identified:

· Is there any performance difference between the two approaches? If yes, which approach provides better performance? 

· Is there any difference in CQI estimation accuracy between the two approaches? If yes, which approach is better in terms of CQI estimation accuracy? 
4) Codebook-based pre-coding vs non-codebook-based pre-coding

Agreements
Focusing on the codebook-based pre-coding for evaluation purposes in FDD seems acceptable for all companies. But, it may be questioned if this is a meaningful agreement at this moment. (
Open issues
· For TDD as well as FDD, the interference situation would be different between downlink and uplink as discussed concerning with the pre-coding of the reference signal. With taking this into account, is the non-codebook-based pre-coding feasible?

· What is required in designing the feedback signalling to support the non-codebook-based pre-coding?

· With the non-codebook-based pre-coding, is it possible to send the downlink reference signal without being pre-coded?
5) UE feedback information

Open issues
· There was a proposal to explicitly mention in TR 25.814 section 7.1.1.4.2 that the UE generates the MIMO channel state information possibly taking into account the spatial correlation nature of the interference. This needs further discussion during R1#45 meeting.

· Amount of feedback overhead depending on the detailed MIMO scheme.
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