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Introduction 
In Ran1#59 meeting, it is suggest 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 signaling to support non-transparent MU-MIMO.  A low overhead DL signaling is proposed. In proposed scheme, only total rank of the eNode B and the specific scheduled UE’s rank and antenna ports information are transmitted by the DL signaling. The analysis and example are given to show it’s advantage. 
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Transparent and Non-transparent MU-MIMO 
In LTE of release 9, transparent MU-MIMO is employed. For transparent MU-MIMO, no downlink signaling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB. Therefore, from a UE’s perspective, it has no idea whether the transmission it is receiving is a part of a MU-MIMO transmission or simply a SU-MIMO transmission. So UE can not do interference mitigation with advanced receiver. 

For LTE advance of release 10, it is difficult to maintain the same level of MU-MIMO transparency as in Release 9. In short, a UE must be informed of which DMRS pattern is being used. The eNodB can inform the UE of the DMRS pattern used either by dynamic signaling or by higher layer signaling. By non-transparent MU-MIMO, the UE in MU-MIMO can know other scheduled UE’s information. He can use more advanced algorithm to do the interference canceling.
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The Proposed Non-transparent MU-MIMO DL signalling
In the proposed DL signaling for non-transparent MU-MIMO, only total rank of the eNode B and the specific scheduled UE’s rank and antenna ports information are transmitted by the DL signaling. We show this DL signal frame structure in Figure 1.
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Figure 1: the proposed DL signaling for non-transparent MU-MIMO

Based on this DL signaling, each UE included in the MU-MIMO know total rank and his own information. For one UE, based on the total rank and his own information, he know the total interference information.

At the UE, if the total rank is higher than the rank of UE, the UE can know he is in MU-MIMO. If the total rank is the same as the rank of UE, the UE can know he is in SU-MIMO. If we the rank of the UE i is 
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, then we can have the following expression:
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If the UE is in MU-MIMO, the rank of the interference is the total rand subtract this UE’s own rank. If we assume total interference rank is 
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 for UE i and the number of UE in MU-MIMO is N. then 
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For non-transparent MU-MIMO, if orthogonal DMRS is employed. So based on this DL signaling, except the total rank and his own rank, each UE included in the MU-MIMO can also know the antenna ports information of DMRS. Based on the DMRS pattern, his antenna ports and total rank, the antenna port of all the interference can also be known even if the UE do not know the interference is for which UE.

Here we give an example for total rank 5 at the eNodB. UE1 is in rank 2 with antenna port 1 and 2. UE2 is in rank 2 with antenna port 3 and 4. UE3 is in rank 1 with antenna 5.

The DL signal for UE1 UE2 and UE3 are shown in table 2

Table 1: DL signaling for UE1 UE2 and UE3
	UE

ID
	1
	
	2
	
	3

	Total 

rank
	5

(3bits)
	
	5

(3bits)
	
	5

(3bits)

	Antenna

ports
	11000

(5bits)
	
	00110

(5 bit)
	
	00001 (5 bit)


The DMRS pattern at the eNode Bfor this example is shown in table 2 as  follows.

Table 2: Example of DMRS pattern
	UE1
	UE1

	UE2
	UE2

	UE3
	Not used

	Not used
	Not used


Based on the DL signaling, the DMRS pattern information know at the UE1 UE2 and UE3 are shown in table 3,4,and 5 respectively.
Table 3:  The knowledge of DMRS pattern information at the UE1
	UE1
	UE1

	Interference
	interference

	interference
	Not used

	Not used
	Not used


Table 4: The knowledge of DMRS pattern information at the UE2
	Interference
	Interference

	UE2
	UE2

	Interference
	Not used

	Not used
	Not used


Table 5: The knowledge of DMRS pattern information at the UE3
	Interference
	Interference

	Interference 
	Interference

	UE3
	Not used

	Not used
	Not used


So based on this DL signaling,, each UE included in the MU-MIMO can know the total rank his antenna ports and, the antenna port of all the interference even if the UE do not know the interference is for which UE. So he can estimate both his precoded channel 
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For one UE, since he knows the channel of the total rank, if the number of received antenna is larger than
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, He can perfectly remove the interference from all the other UEs in theory. It is good for the interference mitigation at the UE side. So it can also have better performance than the non-transparent MU-MIMO.
3
 Conclusion
In this contribution, we propose a low overhead DL signaling to support non-transparent MU-MIMO. In proposed scheme, only total rank of the eNode B and the specific scheduled UE’s rank and antenna ports information are transmitted by the DL signaling.  So the overhead is very low. From the analysis, we can know that it can work well for  non-transparent MU-MIMO.
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