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1. Introduction
Downlink MU-MIMO has been discussed extensively in past meetings, both as an extension to dual-layer UE specific RS for Rel-9 as well as a technique used by some companies in the ITU evaluations. MU-MIMO entails scheduling multiple UEs on the same time-frequency resource(s). Instead of only maintaining orthogonality over time and/or frequency, the spatial dimension is used for separating the signals to the co-scheduled UEs. 
This contribution discusses MU-MIMO and provides an outline of design considerations if explicit standard support is deemed to be needed.
2. Discussion
Fundamental in MU-MIMO techniques is the scheduler’s search for UEs that are “compatible” for co-scheduling. Loosely speaking, UEs with channels that are sufficiently orthogonal are compatible. Significant physical separation of UEs may lead to compatibility, in particular if the transmit antennas in the sector are closely spaced in a scenario where departing signals have small angular spread. But spatial separation is not the only compatibility measure. The geometries of the potentially co-scheduled UEs play a key role. Similar to SU-MIMO, the UEs should have similar and high SINR values in order to allow the co-scheduling to show significant gains.

Observation

· MU-MIMO is primarily targeting high geometry UEs.

 Seeking compatible UEs fundamentally means that, in the same subframe, there needs to be sufficiently many different potential groups of UEs to co-schedule on a resource so that the scheduler can find a compatible group for co-scheduling. This means that MU-MIMO is naturally geared towards traffic scenarios with high load as a capacity enhancer. It however deserves to be kept in mind that the scenarios of ten full buffer users commonly encountered in most 3GPP evaluations corresponds to extraordinary high load and is very far from the loads typically encountered in practice. Furthermore, high load scenarios are not likely to occur in the initial phases of LTE deployments and it therefore makes sense to consider MU-MIMO with at least a Rel-10 timeline in mind.

Observation

· MU-MIMO is targeting high load scenarios

· High load scenarios are not likely to occur in the initial phases of LTE deployments
· Consider MU-MIMO with at least a Rel-10 timeline in mind
In addition to a Rel-10 timeline might be more appropriate, the standardization impact of MU-MIMO does not yet appear to be clear. With the abundant use of UE specific RS the transmission naturally becomes transparent to the UE. MU-MIMO relies on channel knowledge on the eNodeB side and a possible need of standardizing feedback signaling may arise. On the other hand, it should be kept in mind that standard-transparent techniques based on channel reciprocity can be used to acquire substantial such knowledge for TDD as well as for FDD. This is similar to CoMP where long-term channel knowledge obtained from measurements in the uplink where used to provide significant gains in the ITU evaluations [1]. 
Observation

· Standardization impact of MU-MIMO not clear as channel reciprocity may be used to acquire spatial channel knowledge in standard-transparent manner
2.1. Standardized MU-MIMO
Assuming standardization support for MU-MIMO is deemed needed, which remains to be seen, this section outlines principles for standardized solutions of feedback support.
A feedback solution for MU-MIMO also needs to include support for SU-MIMO – SU-MIMO is after all likely to be extensively used, even in scenarios that are rather friendly towards MU-MIMO. Because of the dynamic nature of typical traffic patterns dynamic switching is essential and such operation is facilitated by making MU-MIMO an extension of feedback needed for SU-MIMO. Also, it must be possible to operate SU-MIMO and MU-MIMO from the same transmission mode. 

Observation

· Dynamic switching between SU-MIMO and MU-MIMO is a prerequisite for having use of MU-MIMO techniques

For SU-MIMO, implicit feedback by means of reporting transmission hypotheses (PMI/RI/CQI) is clearly preferable over trying to represent an intermediate entity such as the channel. Accordingly, it is used in Rel-8 for 2 and 4 Tx and is also appropriate to use for 8 Tx in Rel-10. To make MU-MIMO feedback a natural extension of SU-MIMO feedback implies that MU-MIMO feedback should also correspond to reporting transmission hypotheses. Extensions to MU-MIMO are easy to envision. One well-known technique is for the UE to report best/worst companion PMIs similar to what is considered in a CoMP context in [2]. 
Proposal
· Consider MU-MIMO feedback as an extension of SU-MIMO feedback belonging to same feedback type
· Re-use the implicit feedback type based on transmission hypotheses (PMI/RI/CQI) already supported for SU-MIMO
· Consider MU-MIMO feedback that reports transmission hypotheses, or possibly compressions thereof

A major advantage with staying within the present Rel-8 kind of implicit feedback based on transmission hypotheses is that this is a well-studied concept and can hence capitalize on the extensive work already conducted in RAN4 for defining test methodologies. Switching to the completely different explicit feedback type would take use back to square one in this sense. Testing is a critical component of any multi-vendor ecosystem, let along LTE, and without clearly defined test procedures and tight requirements standardization efforts for UE feedback have a clear risk of becoming a paper product with very limited usability in practice.
Observation
· Re-using Rel-8 feedback type also for MU-MIMO maintains the present well-studied feedback paradigm thus capitalizing on the extensive work already done in RAN4 to define test methodologies

3. Summary and Conclusions
Based on the discussion we observe and propose the following
· MU-MIMO is primarily targeting high geometry UEs.

· MU-MIMO is targeting high load scenarios

· High load scenarios are not likely to occur in the initial phases of LTE deployments
· Consider MU-MIMO with at least a Rel-10 timeline in mind

· Standardization impact of MU-MIMO not clear as channel reciprocity may be used to acquire spatial channel knowledge in standard-transparent manner

· If standardization support for MU-MIMO is needed

· Dynamic switching between SU-MIMO and MU-MIMO is a prerequisite for having use of MU-MIMO techniques
· Consider MU-MIMO feedback as an extension of SU-MIMO feedback belonging to same feedback type

· Re-use implicit feedback type based on transmission hypotheses (PMI/RI/CQI) already supported for SU-MIMO
· Consider MU-MIMO feedback that reports transmission hypotheses, or possibly compressions thereof
· Re-using Rel-8 feedback type also for MU-MIMO maintains the present well-studied feedback paradigm thus capitalizing on the extensive work already done in RAN4 to define test methodologies
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