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1. Introduction

In RAN1#58b meeting, following observations are indicated on downlink RS design [1]:
Some key aspects to progress:
· 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…
This document discusses aspects on MU-MIMO operation further.

2. Discussion
2.1. Transparent vs. non-transparent MU-MIMO

For non-transparent operation, DMRS port indication is one of discussion points. 
As discussed in [2] and our previous document [3], UE need to know DMRS port(s) for intended layer as well as transmission rank while full flexibility for allocation of multiple DMRS port(s) is not strictly necessary. So it would be used some table similar to precoding information field on DCI format 2 like following, even though details should be discussed during work item phase.

Table 1: Content of DMRS port indication field for 4 antenna ports

	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer:
DMRS port 0 is allocated
	0
	2 layers: 
DMRS port 0,1 are allocated

	1
	1 layer:
DMRS port 1 is allocated
	1
	2 layers: 
DMRS port 2,3 are allocated

	2
	1 layer:
DMRS port 2 is allocated
	2
	3 layers: 
DMRS port 0,1,2 are allocated 

	3
	1 layer:
DMRS port 3 is allocated
	3
	4 layers:
DMRS port 0,1,2,3 are allocated

	4
	…
	4
	…


In addition, as proposed in [4], it would be useful to indicate maximum transmission rank from eNB perspective. This indicates the DMRS density is 12 or 24. By using this signalling, interfering channel information can be estimated for demodulation. Or the overhead by DMRS can be saved. For that purpose it is FFS whether it is indicated by the L1 signalling or higher-layer signalling.
2.2. MU-MIMO dimensioning
As shown in our previous paper [3], it is preferable to allow multiple layers per a UE in orthogonal DMRS based MU-MIMO, which enables relatively cleaner design with dynamic SU-MU switching. Using only this orthogonal DMRS based MU-MIMO, number of supported co-scheduled MU-MIMO UEs is limited by available number of orthogonal DM-RS port e.g. 2, 4 or 8. However it can be increased with scrambling sequence code indication as introduced to Rel-9 Dual-layer beamforming (DL BF) [5]. The Rel-9 conclusion with severe time pressure is cell ID based simple initialization scheme for pseudo-random sequence generator, which provides 2 sequences per cell only the last bit of initial value different to each other. However Rel-10 timeline may allow further extension for at least one of those sequences, e.g. semi-statically configurable per UE intending the one commonly used among cells within CoMP cooperating set.
3. Conclusion
In this contribution, aspects for LTE-A MU-MIMO operation are discussed. Our views are:

· Non-transparent MU-MIMO is supported, in particular;
· DMRS port indication

· Maximum transmission rank from eNB perspective
· Operation with multiple layers per UE is allowed; and

· Semi-statically configured scrambling sequence code is supported.
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