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Introduction

In RAN1 82b meeting, candidates for 3-bit and 4-bit table to signal port mapping and SCID were proposed. The following agreement was made during the meeting [1]

	Agreement:
· Agree that a new table will be adopted, configurable by RRC, for the signalling of the DMRS configuration
· FFS until RAN1#83 whether 3 or 4 bits are used, and details. 



In this contribution, we attempt to summarize the proposals from RAN1 #82b regarding signalling table for DMRS enhancements, capture remaining issues to be discussed and compare pros and cons of the 3-bit and 4-bit table. 

Table 1: Rel. 12 signalling table
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7，nSCID=0
	0
	2 layers, port 7-8，nSCID=0

	1
	1 layer, port 7，nSCID=1
	1
	2 layers, port 7-8，nSCID=1

	2
	1 layers, port 8，nSCID=0
	2
	3 layers, port 7-9

	3
	1 layers, port 8，nSCID=1
	3
	4 layers, port 7-10

	4
	2 layers, port 7-8
	4
	5 layers, port 7-11

	5
	3 layers, port 7-9
	5
	6 layers, port 7-12

	6
	4 layers, port 7-10
	6
	7 layers, port 7-13

	7
	Reserved
	7
	8 layers, port 7-14









Categories of the proposals

Proposals for 3 bit table
The 3-bit table used in Rel. 12 is shown in Table 1. In Rel-13, there is a need to support 4-layer MU-MIMO with orthogonal DMRS. Thus, there are various designs for a 3-bit table to signal new DMRS configurations. The advantage of the 3-bit table design is that no extra overhead in DCI is required. However, several modes which can be achieved with OCC=4 must be omitted. 
The contributions in RAN1#82b can be categorized as below. There are three categories. In the proposals in the first category, nSCID indicator is removed. In the second category of the proposals, extra signalling is performed to signal additional DMRS modes. Finally, the proposals in the third category reduce the maximum number of ranks for single user transmission.

· Remove SCID information
A: [2, 3, 4, 5]

· Cover both legacy and new design with signalling
A: OCC2/OCC4 [6]
B: Port grouping [4, 7]
C: Table switching [3, 8]

· Remove legacy parameters
A: Limit maximum rank for SU-MIMO [4, 5, 9, 10]

Since it has been agreed to use RRC signalling (Rel-13-DMRS-table) to indicate whether Rel. 12 or Rel. 13 table is used, the following decisions for the new 3-bit table should be made:

· Remove or keep nSCID
· Reduce or maintain number of ranks for SU-MIMO

[bookmark: _GoBack]One of the disadvantages of omission of SCID is that blind detection of SCID is needed and performance of blind detection and impact on the complexity of UE must be investigated. Thus, we prefer to omit some of higher order MU-MIMO modes and SU-MIMO modes and include SCID information in the 3-bit table. The proposed 3-bit table is shown in Table 2. If SU-MIMO modes are needed, RRC signalling can be used to switch back to the Rel. 12 table. All modes shown in Table 2 use OCC=4.



[bookmark: _Ref434234515]Table 2: 3-bit signalling table
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7，nSCID=0
	0
	2 layers, port 7-8，nSCID=0

	1
	1 layer, port 7，nSCID=1
	1
	2 layers, port 7-8，nSCID=1

	2
	1 layer, port 8，nSCID=0
	2
	2 layers, port 11,13，nSCID=0

	3
	1 layer, port 8，nSCID=1
	3
	2 layers, port 11,13，nSCID=1

	4
	1 layer, port 11，nSCID=0
	4
	Reserved

	5
	1 layer, port 11，nSCID=1
	5
	Reserved

	6
	1 layer, port 13，nSCID=0
	6
	Reserved

	7
	1 layer, port 13，nSCID=1
	7
	Reserved



Proposals for 4 bit table
The contributions presented in RAN1 #82b related to a 4-bit table from RAN1 #82b can be categorized as follows. The proposals can be categorized based on the number of layers per UE, support for legacy configurations and combinations for ports.

· Maximum number of layers per UE
A: 2-layer multiplexing [4, 7, 8, 9, 13] 
B: 3-layer multiplexing [11]
C: 4-layer multiplexing [12]

· Support for legacy configurations
A: Support both OCC2 and OCC4 configurations [7, 8, 9, 11, 12, 13]

· 2-port combination for OCC=4
	A: (7,8), (11,13) [4, 7, 8, 11, 12, 13]
	B: (7,11), (8,13),[9]

A disadvantage of the use of 4-bit table is that extra DCI overhead is required compared to the 3-bit table. It is clear from the above list that there are various proposals for the number of multiplexed layers per UE. 

A candidate for the 4-bit table is shown in Table 3. In the proposal, an emphasis was placed on achieving the maximum possible number of multiplexed layers with OCC=4. It is clear from Table 3 that up to 4-layer MU-MIMO with SCID can be included in the table. 


[bookmark: _Ref433997005]Table 3: 4-bit signalling table
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7, nSCID=1
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	2 layers, ports 11, 13, nSCID=0

	3
	1 layer, port 8, nSCID=1
	3
	2 layers, ports 11, 13, nSCID=1

	4
	1 layer, port 11, nSCID=0
	4
	3 layers, ports 7, 8, 11, nSCID=0

	5
	1 layer, port 11, nSCID=1
	5
	3 layers, ports 7, 8, 11, nSCID=1

	6
	1 layer, port 13, nSCID=0
	6
	4 layers, ports 7, 8, 11, 13, nSCID=0

	7
	1 layer, port 13, nSCID=1
	7
	4 layers, ports 7, 8, 11, 13, nSCID=1

	8
	2 layers, ports 7-8
	8
	3 layers, ports 7-9

	9
	3 layers, ports 7-9
	9
	4 layers, ports 7-10

	10
	4 layers, ports 7-10
	10
	5 layers, ports 7-11

	11
	Reserved
	11
	6 layers, ports 7-12

	12
	Reserved
	12
	7 layers, ports 7-13

	13
	Reserved
	13
	8 layers, ports 7-14

	14
	Reserved
	14
	Reserved

	15
	Reserved
	15
	Reserved



[bookmark: _Ref434499758]Table 4: Advantages and disadvantages of 3-bit and 4-bit tables
	
	Pros
	Cons

	3 bit
	No need to add extra bit in to signal DMRS enhancement.
	Blind detection of SCID may be needed and impact of blind estimation of SCID on performance and complexity on UE needs to be investigated. Number of layers per UE or number of layers for SU-MIMO transmission may be limited.

	4 bit
	All SCID and new DMRS configurations can be signalled via table. Signalling four-layer multiplexing per UE is possible.
	Additional bit is required, increasing DCI overhead



 Conclusion

A summary of advantages and disadvantages of 3-bit and 4-bit tables to signal DMRS configurations is shown in Table 4. 

Our preference is to explicitly include SCID information in the table to avoid blind detection of SCID. Since OCC=4 is supported in Rel. 13, up to 4-layer MU-MIMO should be signalled in the table. Thus, in order of preference, we list our proposals below:

Proposal 1: To include SCID and 2, 3 and 4-layer MU-MIMO modes, adopt the 4-bit table shown in Table 3 .
Proposal 2: To include SCID and 2-layer MU-MIMO, adopt the 3-bit table shown in Table 2.
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