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Introduction
In RAN1 #112, the following agreements on DMRS enhancement have been achieved.
	Conclusion
Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support at least support the following rows:
· For 1 CW, 
· 1) Rows 0-2, 12-14, 24-25 (rows with Number of DMRS CDM group(s) without data = 1)

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, at least support the following rows:
· For 1 CW,
· 2) Row 9-11
· For the above rows, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).


Working Assumption
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, for 2 CWs,
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,8

	1
	2
	0,1,2,3,8,10

	2
	2
	0,1,2,3,8,9,10

	3
	2
	0,1,2,3,8,9,10,11




Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for S-DCI based M-TRP, support at least the following row(s):
· For one CW, support at least row 30 in the following table.
· For the above row, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· FFS: other rows are not precluded
Table 7.3.1.2.2-1A-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	…
	…
	…

	30
	2
	0,2,3




Agreement
For Rel.18 eType1/eType2 DMRS ports for PDSCH/PUSCH, support Alt.1 for PTRS RE mapping.
· 
Alt 1: Different RE offsets set for different Rel.18 DMRS port indexes as shown in Table 4

Table 4 Different RE offsets set for different Rel.18 DMRS port indexes
	DM-RS antenna port p
(p for PUSCH, 
p+1000 for PDSCH)
	


	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	0
	0
	2
	6
	8
	0
	1
	6
	7

	1
	2
	4
	8
	10
	1
	6
	7
	0

	2
	1
	3
	7
	9
	2
	3
	8
	9

	3
	3
	5
	9
	11
	3
	8
	9
	2

	4
	-
	-
	-
	-
	4
	5
	10
	11

	5
	-
	-
	-
	-
	5
	10
	11
	4

	8
	4
	6
	10
	0
	-
	-
	-
	-

	9
	6
	8
	0
	2
	-
	-
	-
	-

	10
	5
	7
	11
	1
	-
	-
	-
	-

	11
	7
	9
	1
	3
	-
	-
	-
	-

	12
	-
	-
	-
	-
	6
	7
	0
	1

	13
	-
	-
	-
	-
	7
	0
	1
	6

	14
	-
	-
	-
	-
	8
	9
	2
	3

	15
	-
	-
	-
	-
	9
	2
	3
	8

	16
	-
	-
	-
	-
	10
	11
	4
	5

	17
	-
	-
	-
	-
	11
	4
	5
	10



Working Assumption
To support PUSCH with rank = 5-8, support the following for enhancement of DMRS port allocation tables.
· Option 1: Separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 (similar to the current UL DMRS ports table).
· FFS: whether/how to reuse the reserved field in antenna ports field for other purposes can be discussed in AI9.1.4.2 [or AI9.1.3.1].

Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH, following Table 7.3.1.1.2-8-X, Table 7.3.1.1.2-9-X, Table 7.3.1.1.2-10-X, and Table 7.3.1.1.2-11-X are supported.
· FFS: Whether to increase the size of antenna ports field in DCI format 0_1/0_2 or not.

Table 7.3.1.1.2-8-X: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	1
	8

	7
	1
	9

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	Reserved



Table 7.3.1.1.2-9-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	2
	0,2

	4
	1
	8,9

	5
	2
	8,9

	6
	2
	10,11

	[7]
	[2]
	[8,10]

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2-10-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	[1]
	[2]
	[8-10]

	2
	1
	0,1,8

	3
	2
	0,1,8

	4
	2
	2,3,10

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-11-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	[1]
	[2]
	[8-11]

	2
	1
	0,1,8,9

	3
	2
	0,1,8,9

	4
	2
	2,3,10,11

	5-15
	Reserved
	Reserved




Agreement
For full-coherent PUSCH with rank 5-8 with one port PTRS, support Alt.1 in the RAN1#111 agreement with the following update
· Alt.1: the size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
· FFS: Association with The CW with the higher MCS is selected in case of two CWs.
· If the MCS is the same for two CWs, the PTRS port is associated with the first CW.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW with the higher MCS

	1
	2nd scheduled DMRS port the CW with the higher MCS

	2
	3rd scheduled DMRS port the CW with the higher MCS

	3
	4th scheduled DMRS port the CW with the higher MCS








In this contribution, we provide some discussion on the remaining issues for DMRS enhancement.
Discussion
Number of co-scheduled ports for DL DMRS
For eType1/eType2 DMRS, FD-OCC-4 is introduced to support more orthogonal ports. However, sometimes, there may not be many co-scheduled UEs. For the case without number of co-scheduled UEs, the UE may use a smaller FD-OCC length to decode the eType1/eType2 DMRS. When more than 2 ports in a CDM group are allocated for a UE, the UE has to apply FD-OCC-4 based despreading. When only 1 port in a CDM group is allocated for a UE, the UE may apply FD-OCC-1, FD-OCC-2 or FD-OCC-4 based despreading, which depends on the status for the co-scheduled UE(s). Thus, it is beneficial for the gNB to indicate the number of co-scheduled DMRS ports for a CDM group. 
Proposal 1: Support to dynamically indicate the status of number of co-scheduled DL DMRS ports for each indicated CDM group to facilitate the FD-OCC length selection in UE side.
Orphan RE handling
In RAN1 #110b, the following agreement on orphan RE handling was achieved.
	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.




One open issue is whether to consider some scheduling restriction on orphan REs in a PRG. If the number of RBs in a PRG is odd, it is possible to create some orphan REs. However, this could depend on the UE’s receiver scheme – whether the UE supports cross-PRG channel estimation. If the UE does not support cross-PRG channel estimation, further restriction on orphan REs in a PRG should be considered. On the other hand, if the UE supports cross-PRG channel estimation, it is unnecessary to introduce such restriction. With regard to different UE receiver schemes, a UE capability should be introduced to report whether the UE support number of add RBs in a PRG for eType1/eType2 DMRS.
Proposal 2: Support to introduce a UE capability to indicate whether the UE supports odd number of consecutive RBs in a PRG.
DMRS port indication
In RAN1 #111, the following is agreed on eType1/eType2 DMRS port indication.
	Agreement
· For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.
· FFS: Whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.
· FFS: Whether the new antenna port(s) table is specified or not.
· FFS: MU restrictions for certain entries. e.g., DMRS ports = {0,2}, or {8,10}, etc.
· FFS: Cat.3 for M-TRP case.
· Note: DMRS port index for PDSCH is determined by p +1000




The eType1/eType2 DMRS could create more DMRS ports, which support high-order MU-MIMO operation. But it could also increase the DCI overhead. Therefore, with regard to the DCI overhead, similar to the configuration of maximum number of layers, the gNB can configure the maximum number of DMRS ports for eType1/eType2 DMRS by RRC signaling. Then, the size of antenna ports field can be further reduced.
Another open issue is the Cat.3 DMRS port indication for mTRP case. For SDM scheme, the DMRS ports from different TRPs should be from different CDM groups. But for other schemes, e.g., TDM/FDM/SFN, there is no such restriction. Therefore, current Cat.3 DMRS port indication can still be used for TDM/FDM/SFN based mTRP operation. For CDM scheme, the Cat.1 and Cat.2 could be sufficient.  
Proposal 3: With regard to DCI overhead, support to introduce a RRC parameter to configure the maximum number of DMRS ports for eType1/eType2.
Proposal 4: Support to apply Cat.3 to TDM/FDM/SFN based mTRP operation.
UL PT-RS and DMRS port association
In RAN1 #111, the following is agreed on uplink PT-RS and DMRS port association.
	Agreement
For full-coherent PUSCH with rank 5-8 with one port PTRS, support Alt.1 in the RAN1#111 agreement with the following update
· Alt.1: the size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
· FFS: Association with The CW with the higher MCS is selected in case of two CWs.
· If the MCS is the same for two CWs, the PTRS port is associated with the first CW.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW with the higher MCS

	1
	2nd scheduled DMRS port the CW with the higher MCS

	2
	3rd scheduled DMRS port the CW with the higher MCS

	3
	4th scheduled DMRS port the CW with the higher MCS







It is assumed that the CW with higher MCS could have a higher SINR than the other CW. However, in retransmission, the gNB can schedule the reserved MCS. Such reserved MCS is always with a higher MCS than the other MCS. Table 1 illustrates the MCS table defined in current 38.214. Thus, how to indicate the associated DMRS port when the reserved MCS is indicated becomes one problem.
Table 1: MCS Table 1 defined in 38.214
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



One simple way could be to identify the CW based on the SE the MCS indicates. The actual SE for the retransmission can be calculated based on the TB size and the number of allocated REs. Then the PT-RS port association can be based on the MCS with highest SE instead of the indicated reserved MCS for the retransmission.
Proposal 5: Support to identify the associated DMRS port based on the MCS with highest SE if the indicated MCS is reserved MCS.

UL PT-RS power boosting
The PT-RS power boosting has been supported since Rel-15. The PT-RS power boosting could be based on the constraint of transmission power per port and the constraint of total transmission power across all the ports. The UE may transmit the PT-RS in the time domain density of every other symbol or every 4 symbols. But the UE cannot change the transmission power too frequently. Further, with regard to ICI, an upper limit for PT-RS power boosting should be defined. RAN1 can send an LS to RAN4 asking for their advice on the upper limit for the EPRE ratio between PT-RS and PUSCH. Therefore, the PT-RS power boosting could consider the following principles:
· Principle 1: The transmission power for each RF chain is consistent, as shown in Figure 1
· Principle 2: The total transmission power across all the RF chains is consistent, as shown in Figure 2
· Principle 3: The EPRE ratio between PT-RS and PUSCH should not exceed a threshold with regard to the ICI

[image: ]
Figure 1: Consistent Tx power per RF chain (Principle 1)
[image: ]
Figure 2: Consistent Tx power across all the RF chains (Principle 2)

Proposal 6: Support to define the PT-RS power boosting based on the following principles:
· Principle 1: The transmission power for each RF chain is consistent
· Principle 2: The total transmission power across all the RF chains is consistent 
· Principle 3: The EPRE ratio between PT-RS and PUSCH should not exceed a threshold with regard to the ICI
Proposal 7: Send an LS to RAN4 asking for their advice on the maximum EPRE ratio between PT-RS and PUSCH.
 
Conclusion
In this contribution, we provided discussion on remaining issues for DMRS enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Support to dynamically indicate the status of number of co-scheduled DL DMRS ports for each indicated CDM group to facilitate the FD-OCC length selection in UE side.
Proposal 2: Support to introduce a UE capability to indicate whether the UE supports odd number of consecutive RBs in a PRG.
Proposal 3: With regard to DCI overhead, support to introduce a RRC parameter to configure the maximum number of DMRS ports for eType1/eType2.
Proposal 4: Support to apply Cat.3 to TDM/FDM/SFN based mTRP operation.
Proposal 5: Support to identify the associated DMRS port based on the MCS with highest SE if the indicated MCS is reserved MCS.
Proposal 6: Support to define the PT-RS power boosting based on the following principles:
· Principle 1: The transmission power for each RF chain is consistent
· Principle 2: The total transmission power across all the RF chains is consistent
· Principle 3: The EPRE ratio between PT-RS and PUSCH should not exceed a threshold with regard to the ICI
Proposal 7: Send an LS to RAN4 asking for their advice on the maximum EPRE ratio between PT-RS and PUSCH.
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(1 port is mapped to 2 layers)
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With 6dB PT-RS power boosting
(PT-RS is from 1 layer and data is from 4 layers)
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