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1 Introduction

Enhanced DL MU-MIMO with non-codebook-based precoding has shown significant performance improvement in a highly loaded scenario. In the past several meetings extensive discussions were held on DL MU-MIMO in Rel-10, which led to the following issues captured in the chairman’s notes for further discussion.
· Dynamic vs. non-dynamic SU-MU switching

· Transparent vs. non-transparent MU-MIMO

· If non-transparent, what DL signalling is to be provided to the UE

· antenna port indications

· other…

· Feedback (CSI) enhancement for MU-MIMO

· enhancements to feedback codebooks

· other…

· Number of layers per MU-MIMO UE

· 1, 2, …

· Number of supported co-scheduled MU-MIMO UEs

· 4, 8, unspecified…

In this contribution we provide our considerations and preferences on the issue of MU-MIMO dimensioning, i.e., the number of co-scheduled MU-MIMO UEs, and the number of layers per MU-MIMO UE. Non-transparent MU-MIMO is assumed in the following discussion. For transparent MU-MIMO beamforming, the dimensioning issues are considered implementation specific. 
2 Number of Co-Scheduled MU-MIMO UEs

It is first noted that the performance gain of MU-MIMO is so far mostly seen in a highly-loaded scenario where a large number of UEs are available for eNB to perform efficient MU scheduling. The practicality of having a highly-loaded scenario with full-buffer traffic should be born in mind when we discuss the UE multiplexing issue.
If dynamic switching between SU-MIMO and MU-MIMO is supported, in order to operate in the MU-MIMO mode it is envisioned that the MU-MIMO sum throughput (SDMA) should be superior than that of scheduling to different users in a TDMA fashion. Having four UEs multiplexed in MU-mode results in each UE receiving only 1/4 of the total eNB transmit power, which may substantially reduce the SNR at a particular user, unless the UE is very close to the eNB hence moderate receive power reduction is not an issue. Moreover, as the number of multiplexed UEs increases, the intra-cell interference due to co-scheduled UEs increases correspondingly. For example, 1/2 of eNB power is seen as interference when 2 UEs are multiplexed, while 3/4 of eNB power is seen as interference when 4 UEs are multiplexed. Combined with the reduced receive power per UE, the potential benefits of multiplexing more than two UEs in MU-MIMO requires further performance evaluation. From an implementation perspective, having more UEs multiplexed adds onto the UE complexity due to the need for more sophisticated interference estimation / cancellation.
In academia the multiuser diversity gain has been extensively discussed under the assumption of equal geometry for all UEs. The validity of such assumption needs to be carefully evaluated. Unless the cell is extremely highly-loaded, we consider such assumption is rare in practice when more than 2 UEs are multiplexed. 

In our view, having four UEs multiplexed should target at a system where a large number of UEs have very high geometry, hence the spatial multiplexing gain is more significant than the loss of per-UE throughput loss due to power splitting and increased intra-cell interference. More system evaluation results are needed to identify the performance benefits of this feature. 
Having more than four UEs multiplexed in MU-MIMO, in our view, results in overly complicated eNB scheduling and UE terminal implementation, and hence should be excluded. The potential performance gain, if any, should be very limited with dynamic SU/MU switching.
Proposal:

· Multiplexing of two UEs is baseline.

· Multiplexing of four UEs should be focused on a highly-loaded scenario where many UEs observe sufficiently high single-user geometry. Support of this feature is pending more system performance evaluation.
· Multiplexing of more than four UEs is not supported.

3 Number of Layers per UE

In the ITU-R submission [2] as well as a number of contributions [3], it is observed that the MU-MIMO shows significant performance gain when a highly correlated antenna array is deployed at the eNB. However, the gain is substantially reduced when an uncorrelated antenna array is used. As a result, we focus our discussion in the highly correlated antenna setup where MU-MIMO is more relevant.

Two types of antenna configurations are typically associated with MU-MIMO
ULA array: 
· With a highly correlated ULA antenna array the SU-MIMO channel is dominantly rank-1, where the 2nd eigenvalue is significantly smaller than the 1st eigenvalue.
In this case, MU spatial multiplexing is beneficial because the eNB can direct two streams separately to two UEs to 
more efficiently exploits the spatial multiplexing benefits.  This is particularly true in a highly loaded scenario (e.g. 10 users per cell), where exploration of the spatial freedom can be achieved by MU scheduling. 

Our view is that rank-1 transmission is the most common scenario for MU-MIMO in this context. 
However, the 
probability of having rank-2 transmission per UE and its performance benefits deserve careful study. The additional  
gain of having more than rank-2 transmission may be very limited, particularly with dynamic SU/MU switching.
Dual-polarized array:  

· In this case, each polarization array can form a beam and direct a data stream to a UE, hence rank-2 transmission for each user is seen possible.  Due to the assumption of highly correlated antenna setup, more than rank-2 transmission per UE needs careful system evaluation and justification.
Proposal:
· Rank-1 transmission per UE is baseline for MU-MIMO.
· Rank-2 transmission per UE may be considered if sufficient performance gain is seen in practical antenna array configuration.
· Rank-3 – 7 transmission per UE FFS.
4 Conclusions

In this contribution we discuss the dimensioning issue of DL MU-MIMO in LTE-A Rel-10.
· Number of multiplexed UE:  
· Multiplexing of two UEs can be considered as a baseline. 
· Multiplexing of  up to four UEs should be focused on a highly-loaded scenario where many UEs observe sufficiently high single-user geometry. Support of this feature requires more simulation study. 
· Multiplexing of more than four UEs is not supported. 
· Number of layers per UE:    
· Rank-1 transmission is the baseline for MU-MIMO. 
· Rank-2 transmission can be considered if sufficient performance gain is observed in practical antenna array configuration.
· Rank 3-7 per UE FFS.
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