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1. Introduction

In RAN1 #82bis, the following work assumption for DMRS enhancement is confirmed [1]:
· Alt.1, i.e., OCC=4 and 12REs for higher order MU-MIMO transmission is supported with the following ports
	Ports for MU transmission 
	OCC 

	Port 7
	[1 1 1 1] 

	Port 8
	[1 -1 1 -1] 

	Port 11
	[1 1 -1 -1] 

	Port 13
	[1 -1 -1 1] 


The remaining issue is the details of DCI signaling for DMRS configuration. In this contribution, we will provide our solutions on this issue.

2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]DCI Signalling

Current DCI field in TM9/10 cannot support the MU ports newly introduced. It has been agreed that a new DCI table, which is configured by RRC signalling, should be adopted. One way is to use a 3-bit version of new table to jointly indicate the port and layer. Starting from existing 3-bit table, the new table can be simply derived by replacing quasi-orthogonal MU ports with new orthogonal DMRS port, e.g. port 11/13. This design principle can be virtualized by Table 1. Note that the fields 0-3 in one codeword case and fields 0-1 in two codeword case implicitly indicate that the OCC of length 4 should be used alway. With this new signalling table, maximum 4 single-layer MU UEs and 2 dual-layer MU UEs can be supported with orthogonal DMRS ports. However, the order of MU supported by Table 1 is the same with the order supported by Rel 11. Therefore it is not consistent with the objective of FD-MIMO WI of supporting a high order MU. 

Table 1 3-bit design
	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
	0
	2 layers, ports 7-8

	1
	1 layer, port 8
	1
	2 layers, ports 11, 13

	2
	1 layer, port 11
	2
	3 layers, ports 7-9

	3
	1 layer, port 13
	3
	4 layers, ports 7-10

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

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

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

	7
	Reserved
	7
	8 layers, ports 7-14



Another way for new MU DCI signalling is to use a 4-bit table with one extra bit to perform the DMRS port configuration. The major motivation is that some useful configurations are actually missed in Table 1. By jointly considering multiple design targets, such as to maximize the total number of MU layers and to support the combinations of MU UEs with different layers as many as possible, we propose to use a 4-bit DCI message table shown in Table 2. 

[bookmark: _GoBack]The entries of #4-#11 in one codeword case and entries of #2-#9 indicate the OCC with length 4 should be used. Compared with a 3-bit DMRS table, three/four-layers MU can be additionally supported. Also the MU transmission enabled by quasi-orthogonal ports with different scrambling sequences is retained so that up to 8 MU layers can be supported. Moreover, another benefit of 4-bit signalling is that single/dual-layer transmission on port 7/8 with default length-2 OCC is retained. Therefore the SU and low-dimensional MU with better channel tracking capability from legacy DMRS table can be still supported without fallback by RRC reconfiguration. This improves system’s robustness for the UE with relatively high mobility and backward comparability. 

Proposal: The 4-bit DCI signalling table shown in Table 2 should be supported for high-order MU transmission.

Table 2    4-bit design
	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, OCC=2
	0
	2 layers, ports 7-8, nSCID=0, OCC=2

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

	2
	1 layer, port 8, nSCID=0, OCC=2
	2
	2 layers, ports 7-8, nSCID=0,  OCC=4

	3
	1 layer, port 8, nSCID=1, OCC=2
	3
	2 layers, ports 7-8, nSCID=1,  OCC=4

	4
	1 layer, port 7, nSCID=0,  OCC=4
	4
	2 layers, ports 11 13, nSCID=0,  OCC=4

	5
	1 layer, port 7, nSCID=1,  OCC=4
	5
	2 layers, ports 11 13, nSCID=1,  OCC=4

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

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

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

	9
	1 layer, port 11, nSCID=1,  OCC=4
	9
	4 layers, ports 7 8 11 13, nSCID=1,  OCC=4

	10
	1 layer, port 13, nSCID=0,  OCC=4
	10
	3 layers, ports 7-9

	11
	1 layer, port 13, nSCID=1,  OCC=4
	11
	4 layers, ports 7-10

	12
	2 layers, ports 7-8
	12
	5 layers, ports 7-11

	13
	3 layers, ports 7-9
	13
	6 layers, ports 7-12

	14
	4 layers, ports 7-10
	14
	7 layers, ports 7-13

	15
	Reserved
	15
	8 layers, ports 7-14



3. Conclusions

In this contribution, we discuss the details for the DCI signalling design for DMRS enhancement, where both 3-bit and 4-bit tables are provided and compared. In particular, we have the following proposal:

Proposal: The 4-bit DCI signalling table shown in Table 2 should be supported for high-order MU transmission.
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