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1 Introduction 
The evaluation for IMT-A has shown that single-cell DL MU-MIMO with 4 or 8 transmit antennas at the eNB is an important technique for achieving the required spectral efficiency targets. In [1] we outlined our view of a straightforward MU-MIMO concept for LTE-A, based on improved feedback to support Grid-of-Beams and Zero-Forcing downlink beamforming approaches for increased system capacity. 

In this paper we provide our views on one of the key issues for MU-MIMO in LTE-A identified at RAN1#58bis, namely the dimensioning of MU-MIMO in terms of the number of layers supported per MU-MIMO UE, and the number of supported co-scheduled MU-MIMO UEs. 
2 Maximum number of layers per MU-MIMO UE

In general, for a large number of UEs in the cell, the MU-MIMO system capacity is maximised with a single layer per UE. This is because in such a scenario it is always possible to find UEs with channels which are less correlated than the channels to different antennas of the same UE. 

However, if the number of UEs per cell is small, it may sometimes be beneficial to allow a second layer to be scheduled to a UE that is scheduled in MU-MIMO operation. 

We therefore propose that not more than two layers per UE should be considered for MU-MIMO in LTE-A.

We would be open to considering limiting MU-MIMO operation to a single layer per UE. 

3 Maximum number of co-scheduled UEs in MU-MIMO operation
The maximum number of UEs that can be simultaneously-scheduled in the same RBs for MU-MIMO, the so-called maximum SDMA factor, needs to be decided in order to design suitable signalling for non-transparent MU-MIMO operation. 
The possibility of deploying ULA configurations such as ULA-8V, means that in general more then 8 non-orthogonal beams can be defined. However, an upper limit must be placed to allow standardization of signalling considering what is a reasonable expectation from a performance perspective, bearing in mind the potential signalling overhead in terms of resource grants and ACK/NACK transmission. Moreover, the usefulness of non-orthogonal beams, considering the interference between them, should also be taken into account. 
Therefore it would be reasonable to define the maximum SDMA factor as the maximum number of orthogonal beams that can be generated by the clusters of the eNB antenna array multiplied by the number of clusters. Examples are shown in Table 1:
Table 1: MU-MIMO dimensioning for different eNB antenna configurations
	 Antenna configuration
	Number of clusters
	Max SDMA Factor per cluster
	Max  SDMA Factor

	DIV-1X
	1
	2
	2

	DIV-2X
	1
	4
	4

	ULA-4V
	1
	4
	4

	ULA-8V
	1
	8
	8

	CLA-2X
	2
	2
	4

	CLA-4X
	2
	4
	8


By way of explanation, let us consider the example of a CLA-2X eNB antenna configuration. This consists of 2 clusters each having two 2 closely spaced elements. The first cluster can generate two orthogonal beams and therefore can multiplex 2 UEs in MU-MIMO mode. The other cluster similarly can in theory multiplex 2 different UEs for a total SDMA factor of 4. Of course the beams being generated by the two different sub-arrays are “fat” and they overlap significantly. The usage will be up to the vendor/operator to decide – some would prefer for example to limit the max SDMA factor for their CLA-2X to 2, i.e. forming two beams in total with each beam supporting transmit diversity. 

Considering the example configurations shown in Table 1, we therefore propose that a maximum of 8 spatially-multiplexed UEs would be supported in Rel-10. 
We would be open to considering limiting MU-MIMO operation to a maximum of 4 spatially-multiplexed UEs. 

4 Conclusions

1. We propose that not more than two layers per UE should be considered for MU-MIMO in Rel-10. We would be open to considering limiting MU-MIMO operation to a single layer per UE. 

2. We propose that a maximum of 8 spatially-multiplexed UEs would be supported in Rel-10. We would be open to considering limiting MU-MIMO operation to a maximum of 4 spatially-multiplexed UEs. 
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