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1 Introduction
Multi-user MIMO (MU-MIMO) is a promising technology to significantly increase the system-level throughput by enabling multiple UEs to share a set of resource blocks in a subframe. MU-MIMO also improves the scheduling gain by creating new resource dimension in the spatial domain. To achieve this goal in downlink (DL), LTE Rel-8 specifies a simple version of DL MU-MIMO. However, there is much room for MU-MIMO enhancement in LTE advanced (LTE-A) since the DL MU-MIMO scheme available in LTE Rel.8 has been designed simply assuming the transmit antenna configuration with very high correlation. As having LTE-A discussions in RAN1, MU-MIMO enhancement is highlighted as a representative DL enhancement in LTE-A.

Following issues were identified for further progress of MU-MIMO discussions during RAN1 #58bis:
(i) Dynamic vs. non-dynamic SU-MU switching

(ii) Transparent vs. non-transparent MU-MIMO

(iii) Feedback (CSI) enhancement for MU-MIMO

(iv) Number of layers per MU-MIMO UE

(v) Number of supported co-scheduled MU-MIMO UEs

Issues (iv) and (v) are about MU-MIMO dimensioning and highly depend on the assumptions of DL transmission mode and MU-MIMO transparency, which were discussed in contributions [1,2]. This document mainly focuses on the specification impact of MU-MIMO dimensioning issue. Related simulation results are provided in [3].
2 Number of layers per MU-MIMO UE
Higher order DL MIMO is another important feature of LTE-A. While LTE Rel-8 is designed to support {1,2,4} transmit antennas at eNB, it was already agreed that LTE-A networks will support up to 8 transmit antennas to double the DL peak data rate. Hence, the maximum supportable transmission rank in LTE-A will be 8. However, the transmission rank is also limited by UE capability. This observation concludes that the maximum number of layers per UE, RSU-MIMO, should be 8 or up to UE capability for SU-MIMO.
The main goal of MU-MIMO is to maximize the system-level throughput so the scheduler is likely to assign low rank transmissions to MU-MIMO UEs to schedule users as many as possible. Considering practical MU-MIMO operations, it is beneficial in designing efficient control signalling to limit the maximum number of layers per UE for MU-MIMO to a certain value, RMU-MIMO (e.g. 2). However, it should be further investigated whether the limit needs to be captured in the specification.
3 Number of supported co-scheduled MU-MIMO UEs
With transparent MU-MIMO, a UE does not need to know how many users are co-scheduled. We don’t see any need for explicitly specifying the number of supported co-scheduled MU-MIMO UEs. However, the maximum number of co-schedulable users will be determined by the number of DMRS.
Using only orthogonal DMRS, the number of co-scheduled UEs is implicitly limited by the number of individual orthogonal DMRS patterns. For example, 4 users can be co-scheduled and distinguished orthogonally with each UE of rank-1 in case where rank-4 DMRS pattern is used. A UE can have a higher rank when less than 4 users are scheduled. Sum rank cannot exceed the number of orthogonal DMRS patterns.
On the other hand, it is also possible to schedule more users than the DMRS dimension by using non-orthogonal DMRS. For example, 8 users can be co-scheduled with each UE of rank-1 in case where two sets of DMRS patterns are used and each set has 4 orthogonal DMRS but DMRS from different sets are not orthogonal to each other.

4 Summary
As discussed in previous sections, we don’t think that MU-MIMO dimensioning needs to be specified. For further design of MU-MIMO control signalling, we suggest to assume the following MU-MIMO dimensioning:

· Number of layers per UE
· For SU-MIMO, its maximum value is 8 or up to UE capability.
· For MU-MIMO, its maximum value is e.g. 2. FFS if this value needs to be specified.

· Number of supported co-scheduled MU-MIMO UEs

· No need to explicitly capture in specification

· Using only orthogonal DMRS, the number of co-scheduled UEs is implicitly limited by the number of individual orthogonal DMRS patterns

· For additional co-scheduled UEs (going beyond the capabilities of orthogonal DMRS), non-orthogonal DMRS can be used
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