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1 Introduction
In RAN1 #59bis meeting, conclusions have been made that for the design of downlink signaling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 
Note: Two alternatives are to be studied:

· Alt1:4 orthogonal DM RS ports and 1 scrambling sequence are defined

· Alt2:2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one).

In previous meeting, lots of contributions have discussed the related problems, we present our views on these candidate DM RS pattern and corresponding signaling for MU-MIMO.
2  Discussion
In Release 9 MU-MIMO, two CDM DM RS ports with OCC=2 are adopted, two UE reference signal scrambling IDs are introduced to support more total layers of MU-MIMO larger than 2, then up to 2UEs with 2 layers per UE and up to 4UEs with 1 layer per UE could be supported, which is aligned with the above mentioned agreed assumption for designing downlink signaling and DM RS patterns in Release 10. So it is natural to consider similar mechanism in LTE-Advanced, and the main advantage is good backward compatibility.

On the other hand, different to Release 9, eight orthogonal DM RS ports are adopted in SU-MIMO of Release 10, it is not difficult to use 4 orthogonal DM RS with 1 scrambling sequence, and the main advantage is good interference cancellation mechanism could be used at receiver.

Two CDM groups with OCC = 4 in DM RS pattern are adopted when rank>2 in SU-MIMO, so there are another two alternatives in case of alternative 1 (i.e. 4 orthogonal DM RS ports and 1 scrambling sequence are defined) for MU-MIMO:
· Alt1a:4 orthogonal DM RS with two CDM groups, and the OCC length equals to 2.

· Alt1b:4 orthogonal DM RS with only one CDM group, and the OCC length equals to 4.

2.1 Scheme of MU-MIMO enhancement
From transmitter’s perspective, algorithms of zero forcing and block diagonization etc. could be adopted to cancel multi user interference, the performance depends on how explicitly the channel state information (CSI) is fed back to eNodeB. On the other hand from receiver’s perspective, algorithms of interference cancellation of MMSE and IRC could be adopted, which need to estimate the multi-user interference via orthogonal DM RS. So in release 10, to further enhance the performance of MU-MIMO, explicit channel state information feedback and orthogonal DM RS design are two main approaches. In RAN1 #60 meeting, implicit feedback has been agreed as the working assumption in release 10, so enhancement at transmitter may be difficult, on the other hand, it is more meaningful to enhance MU-MIMO of Release 10 at receiver via orthogonal DM RS.
2.2 Scenarios appropriate for MU-MIMO
It is a general view that the most appropriate scenario for MU-MIMO is to spatially separate paired UEs in correlated channel dimensions, MU-MIMO gains are greater when the system load is high and large number of UEs have good geometry. Then MU-MIMO gains should be carefully evaluated, if percentage of 4 co-scheduled users and 2 co-scheduled users with rank2 per user is large enough, it has more significance to define 4 orthogonal DM RS with 1 scrambling sequence, since it is beneficial to enhance MU-MIMO.
2.3 Downlink signalling of different options

To be backward compatible with DM RS design of rank 1-4, we define the DM-RS port number as follows

· CDM group 1: DM-RS ports 0/1/4/5

· CDM group 2: DM-RS ports 2/3/6/7
For alt1a, the downlink signaling could be combined with DM RS pattern(different CDM group) and rank of UE, 4bits are needed shown in table 1. 
For alt1b, the downlink signaling could be combined with OCC length(2 or 4) and rank of UE, , 4 bits are needed shown in table 2.
For alt2, the downlink signaling could be combined with scrambling ID and pattern, 4 bits are needed shown in table 3, If combined with number of transport blocks enabled, only 3 bits needed, refered to [3].
2.4 Channel estimation 
Option1 would mandate the 2 layer capable UEs to perform channel estimation over up to four DM RS ports, similar to 4 layer capable UE, especially option1b needs to make UEs with rank1 or rank2 have two different channel estimation scheme.
Option2 could avoid this disadvantage, but the channel estimation accuracy is affected for the non orthogonal DM RS especially when total ranks of MU-MIMO are high, when different scrambling IDs are used.
2.5 Impact of backward compatibility with Release 9 UEs

The main drawback of alt1a is that Release 9 UEs could not pair with Release 10 UEs, because DM RS pattern of Release 9 has only one CDM group, Release 9 UEs could not puncture all the DM RS corresponding to paired Release 10 UEs. And the overhead of DM RS may be increased for 2 layer capable UEs, because if it is scheduled with other users, 24 REs should be used as DM RS, to dynamic switch between SU/MU-MIMO, 24 REs should also be used even in SU-MIMO. 
If alt1b is adopted, Release 9 UEs could pair with release 10 UEs, when OCC mapping is well designed, but the performance of Release 9 UEs will be affected for higher layer multi user MIMO because of non orthogonal DM RS.
For alt2, the backward compatibility is quite good with Release 9, however the performance is also affected by the semi orthogonal DM RS design for higher layer multi user MIMO.
3 Conclusion

In release 10, to design DM RS and downlink signaling, three alternatives are summarized as follows:

Alt1a:4 orthogonal DM RS with two CDM groups, and the OCC length equals to 2.

Alt1b:4 orthogonal DM RS with only one CDM group, and the OCC length equals to 4.
Alt2: 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9
The main problem of alt1a is the bad backward compatibility, so we propose mainly consider the other alternatives. From theoretical perspective, 4 orthogonal DM RS does really be able to enhance MU-MIMO and improve the performance for the more accurate channel estimation and better scheme of interference rejection at receiver, but it quite depends on the scenarios appropriate for applying MU-MIMO with higher total ranks. The downlink signalling overhead is similar between the two alternatives, but alt1b has more complexity from UE side especially to two layer capable UEs.
So we propose to better estimate the percentage of larger total MU-MIMO ranks, and then decide choice between adopting 4 orthogonal DM RS with OCC =4 and 2 orthogonal DM RS with 2 scrambling IDs, considering both performance and UE complexity.
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5 ANNEX

Table 1. Table for DMRS indication if alt1a is adopted
	DMRS indicator Index
	UE rank
	DMRS port
	DMRS pattern
	Transmission mode

	0
	1
	0
	12 RE,OCC=2
	SU-MIMO or MU-MIMO

	1
	2
	0,1
	12 RE,OCC=2
	SU-MIMO or MU-MIMO

	2
	3
	0,1,2
	24RE,OCC=2
	SU-MIMO

	3
	4
	0,1,2,3
	24RE,OCC=2
	SU-MIMO

	4
	5
	0,1,2,3,4
	24RE,OCC=4
	SU-MIMO

	5
	6
	0,1,2,3,4,5
	24RE,OCC=4
	SU-MIMO

	6
	7
	0,1,2,3,4,5,6
	24RE,OCC=4
	SU-MIMO

	7
	8
	0,1,2,3,4,5,6,7
	24RE, OCC=4
	SU-MIMO

	8
	1
	1
	12 RE,OCC=2
	MU-MIMO

	9
	1
	0
	24RE,OCC=2
	MU-MIMO

	10
	1
	1
	24RE,OCC=2
	MU-MIMO

	11
	1
	2
	24RE,OCC=2
	MU-MIMO

	12
	1
	3
	24RE,OCC=2
	MU-MIMO

	13
	2
	0,1
	24RE,OCC=2
	MU-MIMO

	14
	2
	2,3
	24RE,OCC=2
	MU-MIMO


Table2. Table for DMRS indication if alt1b is adopted
	DMRS indicator Index
	UE rank
	DMRS port
	DMRS pattern
	Transmission mode

	0
	1
	0
	12 RE, OCC=2
	SU-MIMO or MU-MIMO

	1
	2
	0,1
	12 RE, OCC=2
	SU-MIMO or MU-MIMO

	2
	3
	0,1,2
	24 RE, OCC=2
	SU-MIMO

	3
	4
	0,1,2,3
	24 RE, OCC=2
	SU-MIMO

	4
	5
	0,1,2,3,4
	24 RE, OCC=4
	SU-MIMO

	5
	6
	0,1,2,3,4,5
	24 RE, OCC=4
	SU-MIMO

	6
	7
	0,1,2,3,4,5,6
	24 RE, OCC =4
	SU-MIMO

	7
	8
	0,1,2,3,4,5,6,7
	24 RE, OCC=4
	SU-MIMO

	8
	1
	1
	12 RE, OCC=2
	MU-MIMO

	9
	1
	0
	12 RE, OCC=4
	MU-MIMO

	10
	1
	1
	12 RE, OCC=4
	MU-MIMO

	11
	1
	4
	12 RE, OCC=4
	MU-MIMO

	12
	1
	5
	12 RE, OCC=4
	MU-MIMO

	13
	2
	0,1
	12 RE, OCC=4
	MU-MIMO

	14
	2
	4,5
	12 RE, OCC=4
	MU-MIMO


Table3. Table for DMRS indication if alt2 is adopted
	DMRS indicator Index
	UE rank
	DMRS port&SCID
	DMRS pattern
	Transmission mode

	0
	1
	0, SCID = 0
	12 RE, OCC=2
	SU-MIMO or MU-MIMO

	1
	1
	1,SCID=0
	12 RE, OCC=2
	MU-MIMO

	2
	1
	0,SCID=1
	12 RE, OCC=2
	MU-MIMO

	3
	1
	1,SCID=1
	12 RE, OCC=2
	MU-MIMO

	4
	2
	0,1,SCID=0
	12 RE, OCC=2
	SU-MIMO or MU-MIMO

	5
	2
	0,1,SCID=1
	12 RE, OCC =2
	MU-MIMO

	6
	3
	0,1,2
	24 RE, OCC=2
	SU-MIMO

	7
	4
	0,1,2,3
	24 RE, OCC=2
	SU-MIMO

	8
	5
	0,1,2,3,4
	24 RE, OCC =4
	SU-MIMO

	9
	6
	0,1,2,3,4,5
	24 RE, OCC=4
	SU-MIMO

	10
	7
	0,1,2,3,4,5,6
	24 RE, OCC=4
	SU-MIMO

	11
	8
	0,1,2,3,4,5,6,7
	24 RE, OCC=4
	SU-MIMO


