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Introduction
In RAN1#90, the following agreement was made regarding DMRS overhead reduction mechanism:
Agreements:
· Introduce new entries, i.e., 3/4-layer(port 7, 8 and 11 for 3 layers, port 7,8,11 and 13 for 4 layers) OCC=4 for two enable CWs, to existing 4-bit DMRS table
· FFS: Support OCC4 for rank 3 and 4 in one enabled CW case

And previously in RAN1#89, the following was agreed:
Agreements:
· New entries in DMRS table to support DMRS density reduction
· At least including the following entries in DMRS table at least for two enabled CWs.
· 3 layers, ports 7,8,11 (OCC=4)
· 4 layers, ports 7,8,11,13 (OCC=4)
· FFS: also for one enabled CW case
· This applied to both TM9 and 10
· FFS: new DMRS table or modification based on legacy table
· FFS: introducing n_scid for MU-MIMO
· FFS: Additional DMRS overhead reduction scheme for rank 3/4 transmission 

The agreed DMRS table after RAN1#90 is shown in Table 1 below.
Table 1: Agreed 4bit DMRS 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 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	3 layers, ports 7,8,11 (OCC=4)

	13
	3 layers, ports 7-9
	13
	4 layers, ports 7,8,11,13 (OCC=4)

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved




Thus, the remaining issues are:
1. If new entries are also introduced for one enabled CW case
2. If entries with different scrambling IDs are introduced in the DMRS table
3. If additional DMRS overhead reduction schemes for rank 3/4 are introduced
This contribution discusses the remaining issues.
[bookmark: _Ref178064866]Discussion on issue #1
It is agreed that new entries are introduced in the existing 4bit DMRS table for the two CW case, but it is left for further study if that is also done in the case of retransmission (i.e. with one enabled CW). If original transmission uses reduced overhead DMRS, it’s possible that DMRS channel estimation can be too poor so that one CW is not correctly received.  If full density DMRS is used for the retransmission, it provides some inherent robustness and increases the reliability. Thus, in our view, it does not seem necessary to introduce DMRS overhead reduction for the 1 CW case.
[bookmark: _Toc494382923][bookmark: _Toc494383295][bookmark: _Toc494449377]Proposal 1	DMRS table for 1 CW case is not modified to include entries for DMRS overhead reduction
Discussion on issue #2
Another issue is if support for MU-MIMO with rank 3 and 4 should be introduced, by introducing different scrambling IDs. This would then require 2 additional entries in the DMRS table. Generally, benefit with MU-MIMO is mostly in highly loaded scenarios, which implies that SINR levels are not very large, so that a UE typically would recommend lower rank transmission. However, in fixed wireless access scenario where the UE may be a highly capable CPE with many RX antennas, the situation could be different. Therefore, higher rank MU-MMO could be beneficial in such a scenario. 
Thus, the existing 4bit DMRS table could be modified to introduce 4 new entries instead of 2, to support rank 3/4 with OCC-4 and different scrambling IDs, as is shown in Table 2.

Table 2: Possible modification of the 4bit DMRS 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 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	3 layers, ports 7,8,11 nSCID=0 (OCC=4)

	13
	3 layers, ports 7-9
	13
	3 layers, ports 7,8,11 nSCID=1 (OCC=4)

	14
	4 layers, ports 7-10
	14
	4 layers, ports 7,8,11,13 nSCID=0 (OCC=4)

	15
	Reserved
	15
	4 layers, ports 7,8,11,13 nSCID=1 (OCC=4)



[bookmark: _Toc494383296][bookmark: _Toc494449378]Introduce two additional entries in the existing 4bit DMRS table for 3 and 4 layers with OCC-4 and nSCID=1
Discussion on issue #3
Another issue is if additional DMRS overhead reduction mechanism should be introduced. However, the WID [1] states that the WI objective is:
· DM-RS overhead reduction using OCC4 for DL SU-MIMO rank3/4 in TM9/10 [RAN1]
Thus, it is not clear that introducing other mechanisms than OCC4 for DMRS overhead reduction has coverage in the WID. It can be debated if introducing different scrambling IDs has coverage as the WID explicitly mentions SU-MIMO and not MU-MIMO. However, different scrambling IDs can be used for SU-MIMO as well, so it should in prinicple not be a problem.

[bookmark: _Toc494383297][bookmark: _Toc494449379]Do not introduce additional DMRS overhead reduction mechanisms
Conclusions
In this contribution, we have discussed the remaining issues for DMRS overhead reduction and made the following proposals:
Proposal 1	DMRS table for 1 CW case is not modified to include entries for DMRS overhead reduction
Proposal 1	Introduce two additional entries in the existing 4bit DMRS table for 3 and 4 layers with OCC-4 and nSCID=1
Proposal 2	Do not introduce additional DMRS overhead reduction mechanisms
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