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1 Introduction
Transparent and non-transparent MU-MIMO have been discussed in previous meetings [1-11].  In last meeting the definition of transparent is clarified in the following.
· “Transparent” [here] means that no downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB.
In this contribution, we point out some problems related to a totally transparent scheme and therefore propose a 4-bit DMRS indication table which allows for flexible pairing of MU-MIMO users over the bandwidth. It can be seen as a transparent scheme but with implicit control signalling to support MU-MIMO. 
2 Transparent and Non-transparent MU-MIMO
The following parts give signalling overhead analysis of Demodulation Reference Symbols (DMRS) port indication for Transparent and Non-transparent MU-MIMO mode.  

Transparent MU-MIMO means that from the UE perspective there is no difference between SU-MIMO and MU-MIMO transmission. The UE is not aware of any co-scheduled users since there is no explicit control signalling about the other co-scheduled UEs. In Rel.9 dual layer beamforming, the control signalling supports flexible scheduling meaning that the UE can be paired with different UEs and even with a different number of UEs in each Resource Block (or RB group). In a previous contribution [12], we have shown that the gain of such flexible scheduling is large and it is therefore desirable to have the same flexibility in Rel.10.
However, the previous agreement on the rank dependent DMRS patterns is to use 12 REs for rank 1-2 and 24 REs for rank3-4 using orthogonal cover code of length two (OCC=2).  This may cause a problem with flexible resource allocation in Rel.10 since if the number of scheduled UEs per RB is different. 
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Figure 1. Example of MU-MIMO co-scheduled UEs

To illustrate this, consider the situation in Figure 1 where there are 3 UEs, each with single layer transmission. In first RB, UE1 is scheduled with UE2 and UE3 while in second RB UE1 is scheduled with only UE 4.Therefore, for UE1 DMRS pattern with 24REs is used in the first RB but DMRS pattern with 12 REs is used in second RB. If there is no control signalling to indicate how many DMRS REs are used in each RB for UE1, it doesn’t know which REs are used for its PDSCH (Physical Downlink Shared Channel) transmission in each RB. 
To support this flexible multi-user paring and scheduling with non-transparent signalling, one needs to signal one bit per scheduled RB to each paired UE, which would create a large signalling overhead. While to support this with transparent signalling, one has to adapt the signalling to DMRS patterns with the largest number of REs and thus 24REs DMRS pattern will be notified to UE1. This will clearly lead to unnecessary DM-RS overhead. Therefore, we propose the following:

Proposal 1: Introduce signalling support to indicate OCC=4 also for rank 1 and 2 transmission.

This proposal enables the use of only the DMRS pattern with 12 REs in each RB, so flexible scheduling is supported with minimal DMRS overhead. Further more, there has recently been a discussion that OCC=4 scheme has better performance in the low speed scenario [13][14] and considering that MU-MIMO is most likely used in the low speed scenario, OCC=4 is proposed in the MU-MIMO case.
At RAN1#59bis, two alternative MU-MIMO schemes in Rel-10 were discussed. 
· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

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

It was decided that whether one or both alternatives will be specified (and if only one, which one) is FFS but TM8 will remain specified in Rel-10.
According to the simulation results in [15], MU-MIMO with 4 orthogonal DMRS ports and single scrambling sequence through IRC detection can provide significant gain (about 10%) over MU-MIMO scheme defined in Rel-9. In order to enhance Rel-10 MU-MIMO performance and transparently co-schedule Rel-9 and Rel-10 UE, we propose the following:

Proposal 2: Two MU-MIMO schemes should be supported in Rel-10
· MU-MIMO with four orthogonal DMRS ports comprised of DMRS patterns with 12 REs, OCC=4 and one scrambling sequence
· MU-MIMO with quasi-orthogonal DMRS ports comprised of DMRS patterns with 12 REs, OCC=2 and two scrambling sequences.
2.1 DMRS indication table
Based on the discussion above, we propose a transparent MU-MIMO DMRS mapping scheme with implicit MU-MIMO mode indication. This is achieved by the following table: 
Table 1. Table for DMRS indication using 4 bits
	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


The table requires some additional explanation:
· DMRS indicator 0-7 are the normal SU-MIMO transmission mode for rank 1-8

· DMRS indicator 0,1 and 8 are used for Rel-9 MU-MIMO transmission schemes. In addition, DMRS scrambling sequence index (SCID) as defined DCI format 2B for Rel-9 transmission mode 8 should be introduced in the new DCI format for Rel-10 MIMO mode for different scrambling sequences indication.
· DMRS indicator 9-14 are intended to be used for up to rank 2 per UE MU-MIMO with OCC length four. Hence, up to four rank 1 UEs can be co-scheduled with orthogonal reference signals and it is totally flexible, a UE may be paired with none, one, two or three UEs in a given scheduled resource block and in the adjacent resource block, the number of so-scheduled UEs may be different.
· The mapping of DMRS ports indexed with 0~7 to the DMRS RE resource and orthogonal cover code can be defined as following for example.
· We assume to use length-4 Walsh orthogonal cover codes in table 2 for CDM over 4 DMRS REs.
Table 2. Table for orthogonal cover codes
	Index
	Orthogonal cover codes

	0
	[1 1 1 1]

	1
	[1 -1 1 -1]

	2
	[1 1 -1 -1]

	3
	[1 -1 -1 1]


The orthogonal cover code 0 and 1 as well as code 2 and 3 can be used for CDM over 2 DMRS REs with OCC=2. Code 0 is used for the first DMRS ports and code 3 is used for the forth DMRS port in one CDM group.
· The DMRS ports mapped in 24RE DMRS pattern with OCC=4 can be indexed as

· [0,1,4,5] in the first CDM group subcarrier ;
· [2,3,6,7] in the second CDM group subcarrier .
· Furthermore, when rank 3, 4 and 5  SU-MIMO was scheduled in first transmission and only one codeword was retransmitted, it is preferred to reuse the same RE for PDSCH as in the first transmission and thereby avoid to adjust the MCS of the codeword to be retransmitted. Also, Chase combining in the receiver is possible. This is similar to the mapping of a retransmitted codeword to two layers which is only allowed in a retransmission in Rel.8. Thus, the 24 RE DMRS pattern is needed for rank 1 or 2 retransmission. This can be implicitly indicated by the rank and DMRS allocation in the first transmission and single enabled codeword in retransmission.  

From Table 1, UE can implicitly indicate which transmission mode it uses in the current scheduling with the informed DMRS pattern. But UE can’t exactly know total layers and corresponding interference layers in each PRB in MU-MIMO transmission. Therefore this also belongs to the transparent MU-MIMO category.  And note that the DMRS indication by index 9-14 may indicate a MU-MIMO transmission, in which a UE could perform blind detection of a paired UE. To exploit this and use blind detection is an UE implementation issue.  
3 Conclusions
In this contribution, we analyzed the DMRS indication overhead of transparent and non-transparent MU-MIMO.  Based on the low DRMS overhead for transparent MU-MIMO, UE can be implicitly indicated MU-MIMO transmission through the DMRS indicator. We propose to 
· Introduce signalling to support two MU-MIMO schemes in Rel-10
· MU-MIMO with four orthogonal DMRS ports comprised of DMRS patterns with 12 REs, OCC=4 and one scrambling sequence
· MU-MIMO with quasi-orthogonal DMRS ports comprised of DMRS patterns with 12 REs, OCC=2 and two scrambling sequences.
· Adopt Table 1 for DM-RS indication in the new DCI format in Rel-10 MIMO transmission mode.
· In addition, scrambling sequence index indicator (SCID) as defined in DCI format 2B for Rel-9 TM8 should be introduced in the new DCI format. 
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