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1 Introduction  
At RAN1#82bis meeting, the details of DMRS enhancement were discussed and agreed as follows
Agreement:

· Confirm the working assumption for OCC=4 and 12REs made in RAN1#82, and the following table

	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] 


For the DCI signalling, there was the following agreement

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 addition, the power imbalance issue was agreed to be solved by eNB’s implementation schemes. Based on the agreements, the remaining issue is the DCI signalling design for the enhanced DMRS. In this contribution, the DCI signalling design for enhanced DMRS is discussed and the proposal is provided. 
2 DCI signalling design for the enhanced DMRS
In this section, at first, we discuss the DCI signalling overhead, and then, we provide the details of DCI signalling design.
2.1 DCI signalling overhead: 3 bits or 4 bits
From last meeting, there was a discussion on DCI signalling for the enhanced DMRS, i.e., 3 or 4bits are used for DCI signalling. If 3 bits are adopted in the Rel-13, the DCI signalling overhead for DMRS is same as legacy systems. However, due to the limited number of states in the new “DMRS table”, some features cannot be supported, e.g., 8 layers non-orthogonal MU-MIMO transmission with scrambling sequence, or Rank-8 SU-MIMO transmission. Actually, these features can be supported by the switching between the new table and legacy table because the new table is configurable by RRC. 
If 4 bits are used for the enhanced DMRS, the benefit is more states can be included in the new table. However, the DCI signalling overhead is increased with 1 bit, which would impact on the decoding performance and need more specification efforts to design 4 bits table due to more states. 
Proposal 1: 3 bits for DCI signalling is slightly prefered.
2.2 Details of DCI signalling design for enhanced DMRS
In the following, two alternatives of  3 bits DCI signalling design for the enhanced DMRS are provided. 
Alternative 1:

Table 1  DCI signalling for the enhanced DMRS for Alt.1
	One Codeword:

Codeword0 enabled,

Codeword1 disabled
	Two Codewords:

Codeword0 enabled,

Codeword1 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 layer, ports 7-9
	5
	6 layers, ports 7-12

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

	7
	Reserved/1 layer, port 7 (OCC=2)
	7
	8 layers, ports 7-14


where for the states 0~3 in one codeword case and states 0~1 in two codewords case, the OCC=4 decoding is always assumed in UEs. In this alternative, the following features are kept:

a) Up to 4 orthogonal layers for MU-MIMO transmission

b) Up to rank-8 SU-MIMO transmission

c) Keep the same DCI signalling overhead for DMRS as legacy systems

The feature of two SCIDs is removed in the design. The reason is that two SCIDs are mainly used for increasing MU pairing with non-orthogonal DMRS in Rel-10. It is known that, in Rel-10, with the two scrambling sequences, up to 4 non-orthogonal MU-MIMO transmission is supported. However, in the enhanced DMRS, the orthogonal 4 layers MU-MIMO transmission has been supported with the OCC=4. So, two SCIDs seem not necessary anymore. 

One possible use case for two SCIDs is to support up to 8 layers non-orthogonal MU-MIMO transmission. However, the probability of 5~8 layers MU pairing is relative lower [2]. So, the performance gain with introducing two SCIDs will be very limited.

The reserved state in one codeword case can be used for indicating 1 layer SU transmission and UE assumes that OCC=2 is used. Since the estimation performance of OCC=2 will be better than OCC=4 for the high velocity scenario, the 1 layer case with OCC=2 will enhance the system performance.
Alternative 2:

Table 2 DCI signalling design for the enhanced DMRS for Alt.2

	One Codeword:

Codeword0 enabled,

Codeword1 disabled
	Two Codewords:

Codeword0 enabled,

Codeword1 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 7-9

	5
	1 layer, port 13, nSCID=0
	5
	4 layers, ports 7-10

	6
	2 layers, ports 7-8
	6
	Reserved/3 layers, ports 7,8,11

	7
	Reserved/1 layer, port 7 (OCC=2)
	7
	Reserved/4 layers, ports 7,8,11,13


where for the states 0~5 in one codeword case and states 0~3 in two codewords case, the OCC=4 decoding is always assumed in UEs. In this alternative, we considered the following features;
a) Keep the same DCI signalling overhead for DMRS as legacy systems

b) Support up to 4 orthogonal layers for MU-MIMO transmission and up to 6 layers non-orthogonal MU-MIMO transmission
c) Support up to rank-4 SU-MIMO transmission

In Alt.2, the feature of higher rank SU-MIMO is removed. The reason is as follows: 2/4 receive antennas are the typical UE configuration at this stage. So, the use case of rank-8 SU-MIMO transmission is very limited. In the Rel-13, we can support rank-4 at first, which is more valuable. If there is a few UEs with 8 receive antennas in the network, it can be configured to use the legacy table for signalling of DMRS confiruation.
In the case of one codeword in Table 2, the reserved state can be used for 1 layer SU transmission with OCC=2 assumption from UE perspective, where the benefit is to support UEs with high velocity.

In the case of two codewords in Table 2, there are two reserved states. They also can be used to indicate 3 layers and 4 layers transmission with OCC=4. One of the benefits using the two reserved states is to reduce the DMRS overhead when the UE is with higher SINR, where nearly 10% overhead can be saved. Another benefit for 3 layers with OCC=4 is supporting the MU-pairing with a 3-layers UE and 1-layer UE in the same 12REs. 
Proposal 2: To adopt Alternative-1 or Alternative-2 for the enhanced DMRS DCI signalling
3 Conclusions
In the contribution, the DCI signalling design for the enhanced DMRS was discussed, and two alternatives of DCI signalling design were provided. 
Proposal 1: 3 bits for DCI signalling is slightly prefered.
Proposal 2: To adopt Alternative-1 or Alternative-2 for the enhanced DMRS DCI signalling
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