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Introduction
In this contribution, we share our views on the issues for DMRS enhancements. [1] In section 2.1 we consider orthogonal DMRS ports to support more number of MU-MIMO UEs, and in section 2.2 we discuss the potential DMRS enhancement when more than four layers per UE are supported for 8Tx UL transmission.
Discussion
DMRS enhancement for MU-MIMO

The following agreements were made in previous meetings. [2]

	Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support
· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group

Agreement
For FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, support one from the following FD-OCCs (to be selected in RAN1#111): 
· Opt.1-1: Walsh matrix (Hadamard code): 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+1 
	-1 
	-1 

	3 
	+1 
	-1 
	-1 
	+1 


· Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}: 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+j 
	-1 
	-j 

	3 
	+1 
	-j 
	-1 
	+j 



Agreement
For Rel.18 eType 1/eType 2 DMRS ports of PDSCH/PUSCH with FD-OCC length 4, association between DMRS port indexes, CDM group index, FD-OCC index, and TD-OCC index (across consecutive DMRS symbols, if any) are determined by the following Table 1 and Table 2. 
· The p in Table 1 and Table 2 corresponds to DMRS port index for PUSCH.  
· DMRS port index for PDSCH is determined by p +1000 in Table 1 and Table 2. 
Table 1. Rel.18 eType 1 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	0 
	0 
	1 

	5 
	0 
	1 
	1 

	6 
	1 
	0 
	1 

	7 
	1 
	1 
	1 

	8 
	0 
	2 
	0 

	9 
	0 
	3 
	0 

	10 
	1 
	2 
	0 

	11 
	1 
	3 
	0 

	12 
	0 
	2 
	1 

	13 
	0 
	3 
	1 

	14 
	1 
	2 
	1 

	15 
	1 
	3 
	1 


 
Table 2. Rel.18 eType 2 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	2 
	0 
	0 

	5 
	2 
	1 
	0 

	6 
	0 
	0 
	1 

	7 
	0 
	1 
	1 

	8 
	1 
	0 
	1 

	9 
	1 
	1 
	1 

	10 
	2 
	0 
	1 

	11 
	2 
	1 
	1 

	12 
	0 
	2 
	0 

	13 
	0 
	3 
	0 

	14 
	1 
	2 
	0 

	15 
	1 
	3 
	0 

	16 
	2 
	2 
	0 

	17 
	2 
	3 
	0 

	18 
	0 
	2 
	1 

	19 
	0 
	3 
	1 

	20 
	1 
	2 
	1 

	21 
	1 
	3 
	1 

	22 
	2 
	2 
	1 

	23 
	2 
	3 
	1 




Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.
· 



[bookmark: _GoBack] Scheduling restrictions for orphan RE, which was agreed in the last meeting as captured above, should be applied to all MU-MIMO UEs if at least one of the UEs reports that it cannot be scheduled PDSCH without the scheduling restriction. For example, if UE 1 is the one that should be scheduled with the scheduling restriction, the restriction should be applied for scheduled PDSCH for UE 2, i.e., MU MIMO pair, regardless of whether UE 2 can be scheduled PDSCH with or without the scheduling restriction. If UE 2 is not scheduled with the restriction (i.e. even number of RBs and even RB offset from point A), channel estimation shall be performed again in some RBs, which can increase UE complexity. And the other method of discarding 2 REs is easier to implement, but it has performance degradation. Therefore, when any one of the MU-MIMO UEs reports that it cannot be scheduled PDSCH without the scheduling restriction, the same scheduling restriction should be applied for all MU-MIMO UEs.

Proposal #1: To increase the orthogonal DMRS ports to support more number of MU-MIMO UEs, the agreed scheduling restriction (i.e. even number of RBs, even RB offset) should be applied to all MU-MIMO UEs when any one of the MU-MIMO UEs needs to be operated with the scheduling restriction. 

For FD-OCC length 4 DMRS of PDSCH/PUSCH for Rel.18, Walsh matrix (Hadamard code) is suitable for FD-OCC code because Hadamard codes are more robust to timing error than length 4 DFT matrix. Also, Hadamard codes are easy to implement because it can be implemented simply by sign flip like legacy, while length 4 DFT code has to be implemented with sign flip and IQ swap due to the j and -j entries.

Proposal #2: For FD-OCC length 4 DMRS of PDSCH/PUSCH for Rel.18, support to Walsh matrix (Hadamard code) because it is more robust to timing error than length 4 DFT matrix.

	Agreement
To increase the maximum number of orthogonal DMRS ports for PDSCH/PUSCH larger than Rel.15, 
· Study whether/how to support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports. 
· Study whether/how to reuse the antenna port indication table in 38.212 as much as possible for both PDSCH and PUSCH 
· Study the potential need for MU scheduling restrictions in the design of the enhanced antenna port indication table in 38.212 for DL PDSCH. 


 
In addition, it is necessary to discuss DMRS port indication. A simple approach is to indicate DMRS ports by using legacy DMRS port indication table and apply port offset configured in UE specific manner. To accommodate larger number of orthogonal DMRS ports, we can introduce a new bit to the existing DCI message to indicate the DMRS port indexing for offset and keep the size of the Antenna port(s) field in DCI unchanged.
As an example, when value 20 (rank = 2, port 0, port 1) is indicated on the existing DMRS table assuming dmrs-Type=1 and maxLength=2, the UE interprets that port 0+f (i.e. offset) and port 1+f are indicated. If offset (f=0) is set to UE1, the ports are indicated in a subset of ports 0 to 7. On the other hand, if offset (f = 8) is set to UE2, the ports are indicated in a subset of port 8 to 15. In other words, the value 20 is indicated, UE1 interprets it as (rank = 2, port 0, port 1) and UE2 interprets it as adding +8 to each port (rank = 2, port 8, port 9).

Proposal #3. Reuse legacy DMRS port indication table and configure DMRS port offset to indicate Rel-18 orthogonal DMRS ports.
8Tx UL DMRS

	Agreement
· For > 4 layers PUSCH, support rank = 5,6,7,8 for both DMRS type 1/2, and for both single-symbol/double-symbol DMRS.



When increasing from max rank 4 to max rank 8, it is necessary to discuss how to indicate the UL DMRS ports for more than 4 layers. Regarding this issue, our view is to support only one port combination for each of UL rank 5/6/7/8 and it can be one of supported DL DMRS port combinations. Specifically, in the DL DMRS table, rank 5 can be indicated by one of two port combinations and if the same UL DMRS port combinations as DL DMRS port combination are introduced for rank 5, 1 bit in the UL DMRS port indication field needs to be used. In the same way, 1bit is needed for UL rank 6 DMRS port indication if the same port combinations are supported as DL. On the other hand, if only one of the port combinations for DL rank 5/6 is introduced for UL, the whole bits of UL DMRS antenna port indication field can be reused for 2nd CW scheduling in case of rank 5/6/7/8. Note that rank 7/8 already have only 1 combination in DL. For example, it can be used as a scheduling field such as NDI, RV or MCS for the 2nd UL CW.
[bookmark: 153][bookmark: 163]
Proposal #4: For UL DMRS ports indication for rank 5/6/7/8, support only one port combination for each of rank 5/6/7/8 and reuse the DMRS port indication field for 2nd codeword scheduling such as NDI, RV or MCS. 

	Agreement
For support of more than 4 layers SU-MIMO PUSCH, study the following potential enhancements for PTRS-DMRS association. 
· Whether to support more than 2-port UL PTRS.
· Whether to increase the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2.



In legacy system, up to 2 UL PT-RS ports are supported considering partial/non-coherent 4 ports. Meanwhile, for 8 Tx antenna ports, there can be no coherence at all among 8 antenna ports or 4 pairs of coherent antenna ports can be considered depending on antenna implementation. In this case, 2 PT-RS ports may not be sufficient for phase noise estimation from more than two phase noise sources. Therefore, increasing the maximum number of PT-RS ports can be considered.

Proposal #5: For the non/partial coherence 8Tx antenna ports, consider increasing the maximum number of PT-RS ports up to 4.
[bookmark: 164][bookmark: 165] 
On the other hand, even if up to two UL PT-RS ports are supported for 8Tx UE, the size of DMRS to PT-RS association field should be increased. If the maximum number of PT-RS ports is set to one, it can be extended from 2 bits to 3 bits to indicate one port out of the 1st to 8th scheduled DMRS port. If the maximum number of PT-RS ports is set to two, it can be extended from 2bits to 4bits. In the case of the NCB PUSCH, MSB 2bit indicates that one of the 1st to 4th DMRS port which shares PT-RS port 0 and LSB 2bit indicates one of the 1st to 4th DMRS port which shares PT-RS port 1. In the case of CB PUSCH, MSB 2bit indicates that one of the 1st to 4th DMRS port corresponding to layers using PUSCH antenna port 1000, 1002, 1004 and 1006. LSB 2bit indicates that one of the 1st to 4th DMRS port corresponding to layers using PUSCH antenna port 1001, 1003, 1005 and 1007.

Proposal #6: The size of PT-RS field should be increased to support DMRS to PT-RS association for more than rank 4.

Conclusion
In this contribution, we share our views on the objective for Rel-18 on DMRS, and propose the followings based on the discussion.

DMRS enhancement for MU-MIMO:

Proposal #1: To increase the orthogonal DMRS ports to support more number of MU-MIMO UEs, the agreed scheduling restriction (i.e. even number of RBs, even RB offset) should be applied to all MU-MIMO UEs when any one of the MU-MIMO UEs needs to be operated with the scheduling restriction. 

Proposal #2:  For FD-OCC length 4 DMRS of PDSCH/PUSCH for Rel.18, support to Walsh matrix (Hadamard code) because it is more robust to timing error than length 4 DFT matrix.

Proposal #3. Reuse legacy DMRS port indication table and configure DMRS port offset to indicate additional orthogonal DMRS ports. 

8Tx UL DMRS:

Proposal #4: For UL DMRS ports indication for rank 5/6/7/8, support only one port combination for each of rank 5/6/7/8 and reuse the DMRS port indication field for 2nd codeword scheduling such as NDI, RV or MCS. 

Proposal #5: For the non/partial coherence 8Tx antenna ports, consider increasing the maximum number of PT-RS ports up to 4.

Proposal #6: The size of PT-RS field should be increased to support DMRS to PT-RS association for more than rank 4.
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