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1. Introduction
In RAN1#61bis meeting, it was agreed that MU-MIMO in Rel-10 scheduling should be supported by [1]:

· 2 orthogonal DMRS ports and 2 scrambling sequences are supported in Rel-10

· 4 orthogonal DMRS ports are not supported for MU-MIMO in Rel-10

· No dynamic downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB as the one in which the UE is scheduled

Based on this agreement, as well as the agreement on the mapping of TB to layer [2], this contribution presents our proposal on the DMRS indication in the DL signalling.
This is resubmission of R1-104725.
2. DMRS pattern, Scrambling sequence and TB to layer mapping
Following current agreement, we illustrated all possible combinations of DMRS pattern, OCC length and scrambling sequence to be supported in the Rel-10 as below. 
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	Fig 1a, Pattern 1a, DMRS pattern for Rank 1-2 (length 2 OCC) with scrambling sequence 1
	Fig 1b, Pattern 1b, DMRS pattern for Rank 1-2 (length 2 OCC) with scrambling sequence 2
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	Fig 1c, Pattern 2, DMRS pattern for Rank 3-4 (length 2 OCC) with single sequence
	Fig 1d, Pattern 3, DMRS pattern for Rank 5-8 (length 4 OCC) with single sequence

	Figure 1. DMRS patterns for Ran1-2, Rank 3-4 and Rank 5-8


Fig 1a and Fig 1b demonstrate the DMRS pattern for Rank 1-2 (length 2 OCC) with  scrambling sequence 1 and DMRS pattern for Rank 1-2 (length 2 OCC) with  scrambling sequence 2, which is to be used for MU-MIMO scheduling.

Fig 1c and Fig 1d demonstrate the DMRS pattern for Rank 3-4 (length 2 OCC) with single scrambling sequence and DMRS pattern for Rank 5-8 (length 4 OCC) with single scrambling sequence, which is excluded from MU-MIMO scheduling, i.e., pattern3 and pattern 4 is only valid for SU-MIMO.

Based on the conclusion on codeword-to-layer mapping in RAN1#57, 1 codeword or 2 codewords maybe mapped to the layers when the total layers is not larger than 4, while always 2 codewords are mapped to two groups of layers respectively when total layers amount to beyond 5 layer, which is displayed in Figure 2 [2,3], we propose:
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	Figure 2 Codeword-to-layer mapping in Enhanced DL Multiple Antenna Transmission


Proposal 1:

Unified DCI format based on format 2A/format 2B specified for single codeword and double codeword transmission as in Rel-9 to support dynamic rank adaptation.
3. DMRS indication in DL signalling
According to the design in Rel-9 and above discussion, UE have to identify below 3 factors before DMRS detection and data demodulation:
1. DMRS pattern indication: Pattern 1, Pattern 2 and Pattern3;
2. Scrambling ID (SID) indication of the cell specific DMRS sequence: Scrambling ID 0/1;
3. Port/Layer/Rank indication: possible layer/Rank 1-8, or certain port/layer in pattern 1;
With current conclusion on MU-MIMO and the combinations illustrated in section 2, it implies that no co-scheduling will happen if pattern 2 and pattern 3, at least from specification point of view, i.e., co-scheduling in pattern 2 or pattern 3 will not be specified, then, default SID can be assumed and no explicit SID indication is needed, corresponding to this implicit information, there are total 12 states to be identified as shown in table 1 which mean 4 bits are needed in the DL signalling to convey the DMRS information even when DMRS pattern, SID and Rank are joint considered, otherwise, 5 bits maybe needed if SID are indicated separately.
Table 1. Table 1: States to be conveyed in DL Control Signalling
	Rank 1, Pattern 1a
	Antenna port 0 or 1, SID 0
	2 States

	Rank 1, Pattern 1b
	Antenna port 0 or 1, SID 1
	2 States

	Rank 2, Pattern 1
	Antenna port {0,1}, SID 0 or 1
	2 States

	Rank 3, Pattern 2
	Antenna Port {0,1,2}, default SID
	1 State

	Rank 4, Pattern 2
	Antenna Port {0,1,2,3}, default SID
	1 State

	Rank 5-8 , Pattern 3
	One to one mapping to pattern, Antenna port {0,1,2,3,4,…,X} X equal to Rank, default SID
	4 States


However, if we jointly consider the TB enabled/disabled mechanism in DCI format 2B, we can further reduce the DL signalling overhead to 3bits. With the TB allocation information taken into account and leave the case that only one TB allocated to 2 or more layers aside (only used for retransmission when initial transmission is 2 TB[3]), table 1 can be transformed into table 2
Table 2. Transformation of table 1 with TB allocation indication
	1 TB enabled
	Rank 1, 
Pattern 1a
	Antenna port 0 or 1, SID 0
	2 States

	1 TB enabled
	Rank 1, 
Pattern 1b
	Antenna port 0 or 1, SID 1
	2 States

	2 TBs enabled
	Rank 2, 
Pattern 1
	Antenna port {0,1}, SID 0 or 1
	2 States

	2 TB enabled for initial transmission Or 
1 TB enabled for retransmission
	Rank 3, 
Pattern 2
	Antenna Port {0,1,2}, default SID
	1 State

	2 TB enabled for initial transmission Or 
1 TB enabled for retransmission
	Rank 4, 
Pattern 2
	Antenna Port {0,1,2,3}, default SID
	1 State

	2 TB enabled
	Rank 5-8,
Pattern 3
	One to one mapping to pattern, Antenna port {0,1,2,3,4,…,X} where X equals to Rank, default SID
	4 States


In DCI format 2B, if only 1 TB is enabled when pattern 1 is indicated, the antenna port is indicated by the NDI of the disabled TB, i.e., no additional port indication is needed, and then only SID indication is needed, and if 2 TBs are enabled when pattern 1 is indicated, of course one TB is associated to one default antenna port, and hence, only SID indication is needed. With these two cased combined, table 2 can be further transformed into table 3
Table 3. State combination of table 2 with TB allocation indication
	1 TB enabled
	Rank 1, Pattern 1
	SID 0 or 1
	2 States

	2 TBs enabled
	Rank 2, Pattern 1
	
	

	2 TB enabled for initial transmission Or 

1 TB enabled for retransmission
	Rank 3, Pattern 2
	Antenna Port {0,1,2}, default SID
	1 State

	2 TB enabled for initial transmission Or 

1 TB enabled for retransmission
	Rank 4, Pattern 2
	Antenna Port {0,1,2,3}, default SID
	1 State

	2 TB enabled
	Rank 5-8 , Pattern 3
	One to one mapping to pattern, Antenna port {0,1,2,3,4,…,X} X equal to Rank, default SID
	4 States


From table 3, we can see with the help of implicit information conveyed by TB allocation indication, only 8 cases are needed to be explicitly conveyed to UE, i.e., 3 bits extra signalling is required for DMRS indication, which is exemplified in Table 4.
Table 4. DL control Signalling

	Bit 1
	Bit 2
	Bit 3

	0-

Pattern 1/2
	0 - Pattern 1
	0- SID 0
	1- SID 1

	
	1 - Pattern 2
	0- Rank 3, or 3 Layers, or 3 Antenna Ports, deafault SID
	1- Rank 4, or 4 Layers, or 4 Antenna Ports, default SID

	1 – Pattern 3
	00 – Rank 5, or 5 Layers, or 5 Antenna Ports, deafault SID
	01 – Rank 6, or 6 Layers, or 6 Antenna Ports,  deafault SID
	10 – Rank 7, or  7 Layers, or 7 Antenna Ports,   deafault SID
	11 – Rank 8, or 8 Layers, or 8 Antenna Ports, deafault SID


Accordingly, the DMRS pattern, antenna port, SID indication and TB allocation can be indicated as shown in table 5,
Table 5. TB allocation and DMRS indication
	State Seq.
	Pattern, Antenna port, SID, TB allocation
	TB allocation, 3 bit indication

	1
	Pattern 1a, Antenna port 0, SID 0,   1 TB enabled
	TB1, and NDI of TB2 set as 0, 000

	2
	Pattern 1a, Antenna port 1, SID 0,   1 TB enabled
	TB1, and NDI of TB2 set as 1, 000

	3
	Pattern 1b, Antenna port 0, SID 1,   1 TB enabled
	TB1, and NDI of TB2 set as 0, 001

	4
	Pattern 1b, Antenna port 1, SID 1,   1 TB enabled
	TB1, and NDI of TB2 set as 1, 001

	5
	Pattern 1, Antenna port 0-1, SID0,   2 TB enabled
	TB1 and TB2, 000

	6
	Pattern 1, Antenna port 0-1, SID1,  2 TB enabled
	TB1 and TB2, 001

	7
	Pattern 2, Antenna port 0-2, Default SID, 2 TB enabled
	TB1 and TB2, 010

	8
	Pattern 2, Antenna port 0-3, Default SID, 2 TB enabled
	TB1and TB2, 011

	9
	Pattern 3, Antenna port 0-4, Default SID, 2 TB enabled
	TB1 and TB2, 100

	10
	Pattern 3, Antenna port 0-5, Default SID, 2 TB enabled
	TB1 and TB2, 101

	11
	Pattern 3, Antenna port 0-6, Default SID, 2 TB enabled
	TB1 and TB2, 110

	12
	Pattern 3, Antenna port 0-7, Default SID, 2 TB enabled
	TB1 and TB2, 111


Proposal 2:
Jointly use of implicit information of TB allocation and additional 3bits for DMRS indication.
4. Conclusion
Based on the discussion on signalling and scheduling of MU-MIMO, we propose the following: 
· Unified DCI format based on format 2A/format 2B specified for single codeword and double codeword transmission as in Rel-9 to support dynamic rank adaptation.

· Jointly use of implicit information of TB allocation and additional 3bits for DMRS indication.
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