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1. Introduction
The evaluation for IMT-A [1, 2] has shown that single-cell multi-user MIMO (MU-MIMO) is an important enabling technique for LTE-A to satisfy the IMT-Advanced requirements. Moreover, single-cell MU-MIMO is attractive due to its signaling simplicity, ease of deployment and also considerable system performance [3]. 
In RAN1#58bis, one of the key aspects of MU-MIMO to be addressed was whether switching between SU-MIMO and MU-MIMO should be static or dynamic, and this is discussed in this paper. 
In Release 10, DM-RS will be used for LTE-A PDSCH transmissions, to enable more advanced non-codebook based precoding schemes and more advanced feedback mechanisms to be used. This facilitates dynamic SU-/MU-MIMO switching [4~9], and we therefore propose that dynamic SU/MU-MIMO switching should be possible for LTE-A. 
The remaining question that then needs to be addressed in regard to SU/MU-MIMO switching concerns the feedback, as different assumptions may be necessary for deriving feedback for SU and MU scenarios. In this contribution we focus on implicit feedback, as it was noted in RAN1#58bis that the current Release 8 CQI/PMI/RI implicit feedback scheme[10] could provide a good baseline for simple extensions, e.g. to improve support for single-cell MU-MIMO. We show how simple extensions to the Release 8 feedback scheme can easily provide support for dynamic SU/MU-MIMO switching.
 
2. Dynamic SU-/MU-MIMO switching based on adaptive implicit feedback
The Release 8 PMI/CQI feedback mechanism is the baseline for DL MIMO transmission. It assumes that no interference is present from transmissions to other co-scheduled users in the same cell, and it is therefore well suited to SU-MIMO. However, in order to maximize system capacity for MU-MIMO operation, different assumptions are necessary. 
We consider first CQI/PMI derivation assumptions suitable for SU- and MU-MIMO respectively. 

Then we consider how these assumptions may be applied to the periodic and aperiodic reporting mechanisms for CQI, PMI and RI. In Release 8, periodic reporting is always transmitted on the PUCCH, whereas aperiodic reporting is transmitted over the PUSCH along with uplink data.
2.1. Assumptions for SU- and MU- MIMO implicit feedback derivation
Let us denote the channel matrix of UE k as 2x4 Hk. The codebook for rank r (that is, number of useful transmission layer) is selected from precoding matrix set 
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, each having the dimension of  4 by r and N is codebook size. The measured noise and interfering power is PINk for UE k. 
1) Implicit SU-MIMO feedback

For SU-MIMO operation, each UE recommends a suitable codebook (or PMI) and rank index (RI), typically according to channel capacity maximization rule. At the same time the UE reports the corresponding CQI to its serving eNB. 
As an example, assuming an MMSE receiver, the optimal RI 
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 for SU-MIMO is selected as follows:
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where
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The MMSE receiver weights are given by 
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The corresponding SINR, from which the TBS is derived for CQI reporting, can be represented as:
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2) Implicit MU-MIMO feedback

For MU-MIMO operation [11], assuming 1 transmission layer per UE, the UE should first quantize the effective channel after receive antenna combining according to a minimum chordal distance criterion. The receiver beamformer is given by
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 is the first column of the left singular vector of channel matrix Hk from the serving eNB to UE k.
The effective channel is normalised as
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Channel quantization can be executed according to the min chordal distance, and the corresponding codebook index 
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The CQI for MU-MIMO can be estimated as a lower bound of SINR for UE k:
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where
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According to the above channel quantization (equation 3) and lower-bound SINR (equation 4), the serving eNB can perform satisfactory MU-MIMO paring and non-codebook based precoding (such as zero forcing precoding).
2.2. Adaptive implicit feedback for dynamic SU-/MU-MIMO switching

According to equations (1–4), the assumptions under which CQI and PMI should be derived for SU-MIMO and MU-MIMO are different. In order to support dynamic switching between SU-MIMO and MU-MIMO, implicit feedback based on both assumptions should be reported to the serving eNB. 
However, for the periodic feedback case, the PUCCH has the limited transmission capacity. We therefore propose that for periodic feedback each report from the UE is derived using only one set of assumptions, where the set of assumptions used depends on the UE’s estimated channel rank. If the estimated channel rank is greater than one, SU-MIMO assumptions are used (i.e. assuming no interference from co-scheduled UEs), whereas if the estimated channel rank is equal to one, MU-MIMO is assumed, as described above. 
For the aperiodic reporting case, the UE can report one or more implicit feedbacks over PUSCH based on different assumptions, as instructed dynamically by the eNB in the PDCCH grant. 
This is summarized as follows:
For periodic feedback:

Step 1: Each UE measures the DL channel using the DL CRS and/or CSI RS, and estimates the rank.
Step 2: 

· If rank >1 is determined, the UE reports implicit PMI/CQI based on the assumption of SU-MIMO with rank >1, as per Release 8 (e.g. as shown in equations (1) and (2)) to its serving eNB.
· If rank 1 is determined, the UE reports implicit PMI/CQI based on the assumption of MU-MIMO with rank 1, for example as shown in equations (3) and (4), to its serving eNB.
For aperiodic feedback:

The eNB may request the UE to feedback one or more of implicit PMI/CQI based on SU-MIMO and/or implicit PMI/CQI based on MU-MIMO simultaneously.
3. Summary

We propose that dynamic switching should be possible between SU- and MU-MIMO. 

In this contribution, we have also reviewed the implications of such dynamic switching on the implicit feedback scheme. 
We propose that for the periodic feedback case, at each reporting occasion the UE reports only one implicit PMI/CQI feedback, based on either SU- or MU-MIMO assumptions depending on the estimated rank. For the aperiodic feedback case, the UE reports one or more implicit PMI/CQI feedbacks based on SU- and/or MU-MIMO assumptions as instructed by the eNB in the PDCCH grant
. 
This is a direct and simple extension to current release 8 CQI/PMI/RI feedback.
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� Note that we do not preclude the addition of an explicit feedback scheme as discussed in other contributions, but such schemes are outside the scope of this paper.


� Note that in general this could also be extended to the eNB requesting the UE providing feedback corresponding to different channel ranks other than the estimated rank, in order to provide the eNB scheduler with different options. 
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