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1. Introduction
Multi-user MIMO (MU-MIMO) has been intensively discussed during the last few RAN WG1 meetings. Several important issues have been brought up, but no firm decisions have been taken ‎[1], ‎[2]. In this contribution we try to identify some important aspects of MU-MIMO that may lead to some progress on this subject.

It should be noted that while the main goal with SU-MIMO is to increase the user throughput and to provide high peak-rates, the main goal for MU-MIMO is to provide high system capacity in extremely loaded networks. For example, in order to pair users in MU-MIMO mode, several users need to have data at the same time and possibly experience channel conditions that prefer scheduling in the same frequency band.
2. MU-MIMO operation

Since the main goal of MU-MIMO is to provide very high system capacity rather than high bit-rates, it is desirable to keep the overhead, both UL and DL, as low as possible. If the offered system load is high, every additional signaling bit will steal capacity from the data channel, which will counteract the purpose of MU-MIMO. This points in the direction that small codebooks and coarse granularity of precoding and CQI data is wishful. To reduce the signaling overhead, correlated antenna structures are beneficial. It should be noted that not only scheduled users need to provide precoding and CQI feedback but all active users need to provide this information on a fine time scale. This to make it possible for the network scheduler to pair users that, not only have data in the Tx buffer, but also can be transmitted using the same precoding matrix.

2.1. MU-MIMO scenarios and codebook design

In the case of a highly correlated antenna setup, the precoding matrix/vector can be the same over the whole bandwidth or at least over several MHz. Also, since only large scale variations in the fading needs to be tracked, the update in time domain can be coarse as well. All in all, this indicates that efficient support for MU-MIMO can be obtained in these scenarios. In ‎[3] it is shown that a 3-bit codebook suffice for the case of highly correlated antennas. 

To support efficient MU-MIMO operation at uncorrelated antenna configurations would require much larger overhead than the corresponding high correlation case. Here, the precoding information need to be updated with a fine grid in both time and frequency domain. This will contribute significantly to the overhead; hence the gain with MU-MIMO is reduced. 

Updating precoding weights frequently in time and/or frequency domain means that the interference will be very unpredictable. This together with feedback delay will hamper the link adaptation due to fast interference variations ‎[4], resulting in retransmissions or underutilization of the channel capacity.

2.2. CQI feedback

CQI estimation and interpretation is slightly different in MU-MIMO compared to SU-MIMO mode. Since the UE does not know which vectors that will be used in the transmission instant. This means that, either many CQI variants have to be fed back to the system, or very robust link adaptation has to be performed. The first option means that the UE feeds back CQIs representing the quality as if it gets scheduled alone, and also CQI indicating the quality it would experience if other users where to be scheduled at the same resource. More robust link adaptation would mean that the channel is underutilized. This increase in overhead should then be compared to the gain of MU-MIMO compared to SU-MIMO.

One way to alleviate this problem, at least for dual stream transmission, would be to define a CQI reporting scheme that indicate not only the quality if a single UE gets scheduled, but also the penalty of MU interference. For example, assume that the UE reports its CQI on its preferred stream, in addition it also reports (with only one or two bits) how much worse the quality would be if another UE gets scheduled on the other layer. By this, the network can not only judge the quality if one or two users are scheduled, but it can also make a decision on how to optimize the use of the available resources.

3. Conclusions

In this contribution we have discussed possible operation scenarios where MU-MIMO seems applicable and is expected to provide decent gains. In order to benefit from MU-MIMO it is expected that the overhead signaling need to be kept at a minimum. We therefore propose to define a MU-MIMO scheme based on coarse precoding granularity with small codebooks. The granularity should be kept coarse both in time and frequency domain. One scenario that is believed beneficial is the use of highly correlated antennas at the network node. As was noted in ‎[4] fast adaptation of e.g. precoding weights may lead to inferior system performance due to link adaptation mismatch. It is therefore proposed that MU-MIMO support with finer granularity is FFS. In particular the impact of interference variations and link adaptation should be considered in the evaluation.

It is further noted that CQI evaluation and reporting is more involved than the corresponding SU-MIMO case. Here it is proposed that the UE reports the CQI for its preferred layer together with an indication on how much worse this will be if another UE is scheduled on the same resource.

4. Way forward

The above can be summarized into the following:

· Decide on a MU-MIMO scheme with a small codebook and associated signaling supporting very coarse granularity in time and frequency

· To further evaluate schemes based on fine granularity and especially study impact of unpredictable interference and mismatch in link adaptation

· To optimize CQI feedback for MU-MIMO. One possible scheme is indicated in this contribution

References

[1] R1-070616, “Summary of LTE MIMO session”,  RAN1 #47bis, Sorrento, Ad-Hoc Chairman

[2] R1-063588, “Summary of LTE MIMO Ad Hoc session”, RAN1 #47, Riga, Ad-Hoc Chairman

[3] R1-063130, “System level comparison between MU- and SU-MIMO for downlink precoding systems with four transmit antennas”, RAN1 #47, Riga, Ericsson

[4] R1-071043, “CQI delay impact on codebook based precoding for E-UTRA DL”, RAN1 #48, St Louis, Ericsson
