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1. Introduction

In RAN1 59bis meeting, the following agreements on downlink MU-MIMO dimensioning and DM-RS ports were achieved:

For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· 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 

Two alternatives are to be studied:

· 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

· FFS whether one or both alternatives will be specified (and if only one, which one).
· Note that in any case TM8 will remain specified in Rel-10. 

DM-RS ports for MU-MIMO and the associated signalling support have been extensively discussed [1-6]. In this contribution, we present our views on this issue. 
2. MU-MIMO DM-RS ports

In Rel-9, two orthogonal DM-RS ports and two quasi-orthogonal scrambling sequences are defined which support up to 4-layer MU-MIMO transmission. Since the MU-MIMO dimensioning agreed for Rel-10 can be achieved by the Rel-9 design, Rel-9 MU-MIMO has been specified as a candidate solution for Rel-10 MU-MIMO. Another candidate solution is to use 4 orthogonal DM-RS ports which can be achieved by either 12 DM-RS RE per RB with length-4 OCC or 24 DM-RS RE per RB with length-2 OCC. In summary, there are three alternatives for downlink MU-MIMO DM-RS ports:

Alt1 (Rel-9): 12 DM-RS RE per RB, length-2 OCC, 2 scrambling sequences
Alt2: 12 DM-RS RE per RB, length-4 OCC, 1 scrambling sequence
Alt3: 24 DM-RS RE per RB, length-2 OCC, 1 scrambling sequence
Compared to Alt1, Alt2 and Alt3 have the advantage of providing 4 orthogonal DM-RS ports which enable better channel estimation performance. Furthermore, the DM-RS overhead of Alt2 is only half that of Alt3. Another advantage of Alt2 over Alt3 is that the same set of RE is used for DM-RS regardless of the total MU rank, which simplifies control signalling especially when different MU layers occur on different RBs [1]. Also, for Alt2 there is no power offset between DM-RS RE and data RE since they each carry all of the layers. Performance comparisons in [2] show that Alt2 provides 10~15% cell average throughput gain over Alt1 and Alt3. Based on the above analysis, we propose to adopt Alt2 as the DM-RS solution for Rel-10 downlink MU-MIMO. Note that for Alt2, when the total number of MU layers is no greater than 2, the OCC length is actually 2.

In the following two sections, we provide solutions to both transparent and non-transparent signalling when Alt2 is used. We denote the DM-RS ports in the first and second CDM group as {0,1,4,5} and {2,3,6,7}, respectively.
3. Transparent signalling
In RAN1#59, MU transparency was defined as:
“Transparent” 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.
Based on this definition, with transparent signalling UE knows only its own DM-RS ports. As a result, UE shall perform channel estimation assuming that the OCC length is 4 even if the actual OCC length is 2. This may lead to some performance improvement in low mobility environment or some performance degradation in medium-to-high mobility environment [7]. As MU-MIMO is deemed to be used primarily in low mobility environment, channel estimation always using OCC=4 is reasonable.
In Rel-9, the New Data Indicator (NDI) field of the disable transport block (TB) is used to indicate the DM-RS port. The scheme in [4] also uses NDI to aid the indication of DM-RS ports for some savings in control signalling overhead. We employ this method and give an example of transparent signalling scheme in Table 1. This scheme uses a combination of NDI of disabled TB (when it is available) and a 3-bit indicator to indicate the DM-RS pattern and DM-RS ports.
Table 1. An example of transparent signalling
	Index
	DM-RS Pattern 
	DM-RS port
	NDI of disabled TB 
	3-bit indicator
	Transmission mode

	1
	12 RE, OCC =2 or 4
	0
	0 
	000
	SU-MIMO or MU-MIMO

	2
	12 RE, OCC =2 or 4
	1
	0
	001
	MU-MIMO

	3
	12 RE, OCC=4
	4
	1
	000
	MU-MIMO

	4
	12 RE, OCC=4
	5
	1
	001
	MU-MIMO

	5
	12 RE, OCC=2 or 4
	0,1
	NA 
	000
	SU-MIMO or MU-MIMO

	6
	12 RE, OCC=4
	4,5
	NA
	001
	MU-MIMO

	7
	24 RE, OCC=2
	0~2
	NA
	010
	SU-MIMO

	8
	24 RE, OCC=2
	0~3
	NA
	011
	SU-MIMO

	9
	24 RE, OCC=4
	0~4
	NA
	100
	SU-MIMO

	10
	24 RE, OCC=4
	0~5
	NA
	101
	SU-MIMO

	11
	24 RE, OCC=4
	0~6
	NA
	110
	SU-MIMO

	12
	24 RE, OCC=4
	0~7
	NA
	111
	SU-MIMO


4. Non-transparent signalling
If better performance than what is achievable by transparent MU-MIMO is required, non-transparent signalling can be used to provide UE more information about co-scheduled UEs. Here, we consider a scheme which, compared to the transparent signalling in Section 3, additionally inform UE the total number of layers. From the total number of layers and its own DM-RS ports, UE can determine the interfering DM-RS ports for co-scheduled UEs and thus can estimate interference covariance matrix for interference suppression. Table 2 gives an example of such non-transparent signalling, which requires one more bit than the transparent signalling of Table 1. 
Table 2. An example of non-transparent signalling
	Index
	DM-RS Pattern 
	DM-RS port
	Total number of layers
	NDI of disabled TB 
	4-bit indicator
	Transmission mode

	1
	12 RE, OCC=2
	0
	1
	0 
	0000
	SU-MIMO

	2
	12 RE, OCC=2
	0
	2
	0
	0001
	MU-MIMO

	3
	12 RE, OCC=2
	1
	2
	0
	0010
	MU-MIMO

	4
	12 RE, OCC=2
	0,1
	2
	NA
	0000
	SU-MIMO

	5
	12 RE, OCC=4
	0
	3
	0 
	0011
	MU-MIMO

	6
	12 RE, OCC=4
	1
	3
	0 
	0100
	MU-MIMO

	7
	12 RE, OCC=4
	4
	3
	1
	0000
	MU-MIMO

	8
	12 RE, OCC=4
	0
	4
	0 
	0101
	MU-MIMO

	9
	12 RE, OCC=4
	1
	4
	0 
	0100
	MU-MIMO

	10
	12 RE, OCC=4
	4
	4
	1 
	0001
	MU-MIMO

	11
	12 RE, OCC=4
	5
	4
	1 
	0010
	MU-MIMO

	12
	12 RE, OCC=4
	0,1
	3
	NA
	0001
	MU-MIMO

	13
	12 RE, OCC=4
	0,1
	4
	NA 
	0010
	MU-MIMO

	14
	12 RE, OCC=4
	4,5
	4
	NA
	0011
	MU-MIMO

	15
	24 RE, OCC=2
	0~2
	3
	NA 
	0100
	SU-MIMO

	16
	24 RE, OCC=2
	0~3
	4
	NA
	0101
	SU-MIMO

	17
	24 RE, OCC=4
	0~4
	5
	NA 
	0110
	SU-MIMO

	18
	24 RE, OCC=4
	0~5
	6
	NA 
	0111
	SU-MIMO

	19
	24 RE, OCC=4
	0~6
	7
	NA
	1000
	SU-MIMO

	20
	24 RE, OCC=4
	0~7
	8
	NA
	1001
	SU-MIMO


5. Conclusions

We have discussed DM-RS and the associated control signalling for downlink MU-MIMO in LTE-A. Regarding DM-RS, we propose to use 12 DM-RS RE per RB, length-4 OCC, and 1 scrambling sequence. We provide a signalling scheme for transparent MU-MIMO, which uses a combination of NDI of disabled TB (when it is available) and a 3-bit indicator to indicate the DM-RS pattern and DM-RS ports. We also provide a non-transparent MU-MIMO signalling scheme which, compared to the transparent signalling scheme, requires one more bit and additionally indicates to UE the total number of layers.
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