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Introduction 

In Ran1#59 meeting, it was suggested that: 

· No clear preference for transparent or non-transparent MU-MIMO at this stage. 

· If MU-MIMO were to be non-transparent, strongest possibilities to consider for downlink signalling include:

· whether / which DM-RS ports are used for other UEs

· power offset

Study further whether non-transparency is beneficial, and if so, what signalling would be useful.

In this contribution, we investigate the DL signalling to support non-transparent MU-MIMO.  A DM-RS indicator table is proposed for non-transparent MU-MIMO operation.  The total number of layers is considered in the proposed table. Based on the DM-RS indicator index in the DL signalling, the total rank (the total number of layers) at the eNB, the specific rank for the scheduled UE, and its antenna ports information can be known to the UE so that it can derive the interference from the other co-scheduled UEs based on the antenna port information. The analytic example is given to illustrate the advantage of this proposed table.
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Transparent vs. Non-transparent MU-MIMO 
In LTE of release 9, transparent MU-MIMO is employed, that is, no downlink signalling is provided to indicate a UE of whether a downlink transmission to another UE is taking place in the same RB. Therefore, from a UE’s perspective, it would not be able to know whether the transmission it is receiving is a part of a MU-MIMO transmission or simply a SU-MIMO transmission. This would make the UE unable to do efficient interference mitigations with advanced receivers. 

For LTE-Advanced of release 10, it is difficult to maintain the same level of MU-MIMO transparency as for Release 9. In short, to improve the performance, it would be desirable that a UE is informed of DMRS patterns being used. That is, the eNB informs a UE of the DMRS patterns being used via downlink signalling. By non-transparent MU-MIMO, a UE, which is scheduled under MU-MIMO mode, could know other scheduled UEs’ information. It could use more advanced algorithms to do the interference mitigation or cancelling. It would be that, if non-transparent MU-MIMO signalling is used, the DMRS ports used by the interferers would need to be signalled to improve the performance. This would create a large signalling overhead. The proposed DMRS indicator table, which would bring low overhead, could be a good candidate to address this issue.
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The Proposed DL Signalling
In the proposed DL signalling for non-transparent MU-MIMO, a DM-RS indicator table is used.  In the proposed scheme, the total number of layers is considered in the table. Moreover, the newly agreed MU-MIMO dimensioning is considered when designing the DM-RS indicator table. That is, 
· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· 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. 
The new agreed MU-MIMO dimensioning puts certain limits to the MU-MIMO operation. Utilizing these limits, the size of the DMRS indicator table can be reduced so that the overhead can be reduced accordingly.
Table  1: The proposed DL signalling for non-transparent MU-MIMO
	DM-RS

Index
	Total number

Of layers
	UE Rank
	DM-RS

pattern
	DM-RS

port
	MIMO

Mode

	0
	1
	1
	Pattern1(2)
	Antenna port 0
	SU-MIMO

	1
	2
	1
	Pattern1(2)
	Antenna port 0
	MU-MIMO

	2
	2
	1
	Pattern1(2)
	Antenna port 1
	MU-MIMO

	3
	2
	2
	Pattern1(2)
	Antenna port 0,1
	SU-MIMO

	4
	3
	1
	Pattern2(4)
	Antenna port 0
	MU-MIMO

	5
	3
	1
	Pattern2(4)
	Antenna port 1
	MU-MIMO

	6
	3
	1
	Pattern2(4)
	Antenna port 2
	MU-MIMO

	7
	3
	2
	Pattern2(4)
	Antenna port 0,1
	MU-MIMO

	8
	3
	3
	Pattern2(4)
	Antenna port 0,1,2
	SU-MIMO

	9
	4
	1
	Pattern2(4)
	Antenna port 0
	MU-MIMO

	10
	4
	1
	Pattern2(4)
	Antenna port 1
	MU-MIMO

	11
	4
	1
	Pattern2(4)
	Antenna port 2
	MU-MIMO

	12
	4
	1
	Pattern2(4)
	Antenna port 3
	MU-MIMO

	13
	4
	2
	Pattern2(4)
	Antenna port 0,1
	MU-MIMO

	14
	4
	2
	Pattern2(4)
	Antenna port 2,3
	MU-MIMO

	15
	4
	4
	Pattern2(4)
	Antenna port 0,1,2,3
	SU-MIMO

	16
	5
	5
	Pattern2(8)
	Antenna port 0,1,2,3,4
	SU-MIMO

	17
	6
	6
	Pattern2(8)
	Antenna port 0,1,2,3,4,5
	SU-MIMO

	18
	7
	7
	Pattern2(8)
	Antenna port 0,1,2,3,4,5,6
	SU-MIMO

	19
	8
	8
	Pattern2(8)
	Antenna port 0,1,2,3,4,5,6
	SU-MIMO


Based on the DM-RS indicator index in the DL signalling, the total rank (the total number of layers) at the eNode B, the rank of the scheduled UE, and antenna ports information are known to that UE. If the UE is in MU-MIMO, the rank of the interference is the total rank minus this UE’s own rank. If we assume total interference rank is 
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  for UE i and the number of UEs in MU-MIMO is N, then 
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For non-transparent MU-MIMO, we assume that orthogonal DMRS is employed. Thus, based on this DMRS indicator index in the DL signalling, besides the total rank and its own rank, each UE in the MU-MIMO can also know the antenna ports information of the DMRS. Based on the DMRS pattern, its antenna ports and the total rank, the antenna ports of all the interference can also be known.

In the following, we give an example for total rank = 3 at the eNB. UE1 has rank 2 on antenna port 0 and 1. UE2 has rank 1 on antenna port 2.

The DL signalling for UE1 and UE2 is shown in table 2

Table 2: DL signalling for UE1 and UE2
	UE ID
	1
	2

	DMRS

Index
	7
	6


The DMRS pattern for this example is as follows.

Table 3: Example of DMRS pattern

	UE1
	UE1

	UE2
	Not used


Based on the DL signalling, the DMRS pattern information known at the UE1 and UE2 is shown in table 4 and 5, respectively.
Table 4:  DMRS pattern information at the UE1

	UE1
	UE1

	Interference
	Not used 


Table 5: DMRS pattern information at the UE2

	Interference
	Interference

	UE2
	Not used 


Thus, based on this DL signalling, each UE in the MU-MIMO could know the total rank, its antenna ports information and, the antenna ports of all the interference. Each UE could estimate both its own precoded channel 
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For one UE, since it knows the total rank, if the number of receive antenna is larger than
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, it could perfectly remove the interference from all the other UEs in theory. Thus, it can have better performance than the transparent MU-MIMO.
3
 Conclusion
In this contribution, we investigate the DL signalling to support non-transparent MU-MIMO.  A DM-RS indicator table is proposed for non-transparent MU-MIMO operation.  The total number of layers is considered in the table. Based on the DM-RS indicator index in the DL signalling, the total rank (the total number of layers) at the eNB, the rank of the scheduled UE, and antenna ports information are known to the UE. Thus, the UE could derive the antenna port information of all the interference and could perform effective and efficient interference mitigation or cancellation at the receiver. The analytic example clearly shows that the table could efficiently facilitate interference mitigation or cancelling in MU-MIMO operation.
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