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1 
Introduction
RAN plenary agreed a WID [1] on high capacity stationary wireless link. According to the WID one of the RAN1 objectives is DM-RS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM9/10.
In the RAN1#89 meeting, the following agreements were made:
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 

In the last meeting, the following agreements were made:

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
In this contribution, we discuss open issues that needed further study.
2 
Discussion
2.1 Additional DMRS overhead reduction

Introduction of OCC4 for rank 3/4 reduces DMRS overhead so that 12 more REs per resource block are available for data. If channel estimation can be done with the reduced DMRS pattern without degradation, the gain is about 11% or 0.5dB. This is shown e.g. in [2]. This is rather small improvement so one could consider studying methods that provide larger gains. However, the objective in the WID is very clear and the maximum achievable gain has been known when the WID objective has been written. Because of this we think that RAN1 should focus on DM-RS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM9/10. The additional DMRS overhead reduction schemes are not mentioned in the WID and RAN1 should not consider them.
Proposal 1: Additional DMRS overhead reduction schemes for rank 3/4 transmission are not considered during this work item. 
2.2. MU-MIMO related enhancements
In the WID [1] the objective is defined in the following way: Specify DM-RS overhead reduction using OCC4 for DL SU-MIMO rank 3/4 in TM9/10. We think that RAN1 should focus on SU-MIMO related enhancements and the enhancements that are targeted solely on MU-MIMO operation like introduction of n_scid should not be considered.
Proposal 2: Two scrambling identities nSCID=0 and nSCID=1 are not introduced together with OCC=4 rank 3/4 transmissions in Rel-15.
2.3 Changes to the one enabled codeword transmission
In the RAN1#89 meeting, the following new entries to the 2 codeword column of the DMRS table were agreed: 3 layers, ports 7,8,11 (OCC=4) and 4 layers, ports 7,8,11,13 (OCC=4). If one of the codewords of the new entries need to be retransmitted there are multiple options for 1 layer case and the entry “2 layers, ports 7-8” (OCC2) in the single codeword column. From DM-RS overhead point of view the current entry for 2 layers in the table is sufficient because the DM-RS overhead of this entry is the same as the overhead of the initial transmission. If some MU-MIMO enhancements are considered for the single codeword case, our preference is to make enhancements to 2 layer transmissions, but as stated above we think that such changes are probably not in the scope of the work item.

As proposed by [3] and [4], OCC4 could be introduced also for the single codeword rank 3/4 transmissions. However, considering relatively small gain of OCC4 based DM-RS overhead reduction combined with retransmission probability of 10%, the overall benefit seems small.
Proposal 3: Changes are not made to the one enabled codeword column of the DM-RS table

2.4 Modifications to the existing DMRS table
In the last meeting introduction of entries “3 layers, ports 7,8,11 (OCC=4)” and “4 layers, ports 7,8,11 (OCC=4)” in the two enabled codeword column of the existing DMRS table was agreed. There are four reserved entries in the table, so the needed change is to replace two of reserved entries with the new entries as is presented in the table 1 below. There are also some editorial inconsistencies in the table that can be corrected when the table is updated. 
Proposal 4: The agreed new entries are included and editorial corrections are made to the Table 5.3.3.1.5C-2 in the 36.212. 
Table 1: Proposed antenna port(s), scrambling identity and number of layers indication
	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 7-9

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

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

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layers, ports 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 (OCC=4)

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved


3 
Conclusions

In this contribution, we have discussed issues related to DM-RS reduction. We have the following proposals:
Proposal 1: Additional DMRS overhead reduction schemes for rank 3/4 transmission are not considered during this work item. 

Proposal 2: Two scrambling identities nSCID=0 and nSCID=1 are not introduced together with OCC=4 rank 3/4 transmissions in Rel-15.
Proposal 3: Changes are not made to the one enabled codeword column of the DM-RS table

Proposal 4: The agreed new entries are included and editorial corrections are made to the Table 5.3.3.1.5C-2 in the 36.212.  
.
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