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Introduction
In this contribution, the remaining key issues for Rel-18 DMRS enhancement are further discussed, including DMRS port indication for Rel-18 DMRS port, additional restriction on PDSCH scheduling with FD-OCC4, and DMRS enhancement for UL 8Tx. Moreover, remaining potential PTRS enhancements associated with Rel-18 DMRS enhancement are also analyzed, including the maximum number of PTRS ports, PTRS-DMRS association indication for partial/non-coherent PUSCH with two PTRS ports.

Enhancement on larger number of DMRS ports 
The entries of DMRS port indication for PDSCH
	Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	[1]
	[0]
	Cat. 1
	[0]
	[2]
	[0,1,2,3,8]
	[Rank 5-8 with one DMRS symbol]

	1
	[1]
	[1]
	
	[1]
	[2]
	[0,1,2,3,8,10]
	

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

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

	4
	2
	1
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	[2]
	[0-2]
	
	
	
	
	

	10
	[2]
	[0-3]
	
	
	
	
	

	11
	[2]
	[0,2]
	
	
	
	
	

	12
	[1]
	[8]
	Cat.2
	
	
	
	

	13
	[1]
	[9]
	
	
	
	
	

	14
	[1]
	[8,9]
	
	
	
	
	

	15
	2
	8
	
	
	
	
	

	16
	2
	9
	
	
	
	
	

	17
	2
	10
	
	
	
	
	

	18
	2
	11
	
	
	
	
	

	19
	2
	8,9
	
	
	
	
	

	20
	2
	10,11
	
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	
	

	23
	[2]
	[8, 10],
[9, 11]
	
	
	
	
	

	24
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	25
	[1]
	[0,1,8,9]
	
	
	
	
	

	26
	2
	0,1,8
	
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	
	

	28
	2
	2,3,10
	
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	
	


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, 
· 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).
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,
· For 1 CW,
· Do not support row 21-22
· FFS: Whether to support row 23
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

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

	21
	[2]
	[8-10]

	22
	[2]
	[8-11]


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,
· For 2 CWs,
· Alt.1: Confirm the working assumption in RAN1#112 with modification (in red).
· 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

	[4]
	[2]
	[0,1,2,3,10]

	[5]
	[2]
	[0,1,8,2,3,10]

	[6]
	[2]
	[0,1,8,2,3,10,11]

	[7]
	[2]
	[0,1,8,9,2,3,10,11]

	[8]
	[2]
	[0,2,3,8,9]

	[9]
	[2]
	[0,1,2,3,8,9]


FFS: Additional rows (rows 4~9) if there is technical justification.


[bookmark: _Hlk127305573]In the previous meeting, potential entries for Rel-18 eType1 DMRS ports with maxLength = 1 for PDSCH have been further discussed. Some potential entries with the number of DMRS CDM groups without data equal to 1 and potential entries of DMRS port combination across two CDM groups for SU-MIMO were agreed. However, how to determine the port combination for Rank>4 is still controversial. 
In the current spec, when rank >4, the balance of DMRS port allocation is considered for better channel estimation performance. For example, when rank=5, the legacy DMRS port combination is {0,1,2,3,4}, where {0,1,4} is from CDM group 0 and {2,3} is from CDM group 1; When rank=6, the legacy DMRS port combination is {0,1,2,3,4,6}, where {0,1,4} is from CDM group 0 and {2,3,6} is from CDM group 1. Therefore, for Rel-18 DMRS ports, the same principle should be followed.
Moreover, the issue of DMRS ports associated with layer mapping of codewords was proposed in the previous meeting. However, how to perform channel estimation is up to UE implementation. From the perspective of the performance of channel estimation, there seems no additional benefit of DMRS ports associated with layer mapping.
For rank>4, the balance of port allocation in each CDM group is considered for better channel estimation performance of legacy DMRS ports.
It’s enough to support the following Rel-18 etype1 DMRS port combinations with the balance of port allocation when maxLength = 1 for rank>4
· {0,1,2,3,8} for rank=5
· {0,1,2,3,8,10} for rank=6
· {0,1,2,3,8,9,10} for rank=7
· {0,1,2,3,8,9,10,11} for rank=8
Semi-static switching between R18 and legacy DMRS ports
	Agreement
For Rel.18 eType1/eType2 DMRS ports with maxLength=1/2 for PDSCH/PUSCH, if Rel.18 eType1/eType2 DMRS ports is configured by RRC, the DCI size of antenna ports field in DCI format 1_1/1_2/0_1/0_2 is increased by at least 1-bit from Rel.17.
· Note: it does not preclude future possibility to support more than 1-bit, if RAN1 agree the necessity.
Conclusion
No consensus to support MAC CE based switching between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH.


Based on the entries agreed in the previous meeting, the DMRS indication table for R18 DMRS port with maxLength=1 can be given as following. 

Table 1 R18 eType1 DMRS port with maxLength = 1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codeword:
Codeword 0 enabled,
Codeword 1 enabled

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

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

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

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

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

	4
	1
	9
	4-31
	Reserved
	Reserved

	5
	1
	8,9
	
	
	

	6
	1
	0,1,8
	
	
	

	7
	1
	0,1,8,9
	
	
	

	8
	2
	0
	
	
	

	9
	2
	1
	
	
	

	10
	2
	2
	
	
	

	11
	2
	3
	
	
	

	12
	2
	8
	
	
	

	13
	2
	9
	
	
	

	14
	2
	10
	
	
	

	15
	2
	11
	
	
	

	16
	2
	0,1
	
	
	

	17
	2
	2,3
	
	
	

	18
	2
	8,9
	
	
	

	19
	2
	10,11
	
	
	

	20
	2
	0,2
	
	
	

	21
	2
	0,1,8
	
	
	

	22
	2
	2,3,10
	
	
	

	23
	2
	0-2
	
	
	

	24
	2
	0,1,8,9
	
	
	

	25
	2
	2,3,10,11
	
	
	

	26
	2
	0-3
	
	
	

	27-31
	Reserved
	Reserved
	
	
	


As dynamic switching between separate Rel-18 DMRS ports with FD-OCC4 and legacy DMRS ports with FD-OCC2 is not supported, there is no need to indicate legacy DMRS port and R18 DMRS port in the same table by DCI. Therefore, one simple way is to specify new DMRS indication tables individually for Rel-18 DMRS. Then semi-static switching can be achieved by switching between separate DMRS indication tables for Rel-18 DMRS ports with FD-OCC4 and legacy DMRS ports with FD-OCC2 depending on the traffic by RRC. 
Support specifying new DMRS indication tables for Rel-18 DMRS. 
Support semi-static switching between separate DMRS indication tables for Rel-18 DMRS ports with FD-OCC4 and legacy DMRS ports with FD-OCC2 based on RRC.


Scheduling legacy UE and Rel-18 UE in MU-MIMO
	Agreement
Support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.
· For MU-MIMO by different CDM groups, no MU-MIMO scheduling restriction of PUSCH/PDSCH (i.e., MU-MIMO between Rel.15 UE and Rel.18 UE is allowed).
· For MU-MIMO within a CDM group, study whether and how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH.
· Note: the study includes MU-MIMO between Rel.15 UE and Rel.18 UE, and between Rel.18 UEs.
· Note: PUSCH above is CP-OFDM waveform.
Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· For PUSCH, there is no restriction.


When Rel-18 UEs and legacy UEs both exist in the network, for the overall efficiency of the system, scheduling of Rel-18 UEs and legacy UEs together in MU-MIMO should be supported. However, how to multiplex DMRS ports for legacy UEs and Rel-18 UEs needs further discussion. Considering FD-OCC4 which has been supported in Rel-18, it could be problematic to schedule legacy UEs and Rel-18 UEs in the same CDM group, since the DMRS ports with FD-OCC4 would cause interference to the legacy DMRS ports with FD-OCC2 if the FD-OCC sequences of DMRS ports of legacy UE and Rel-18 UE are not orthogonal. 
[bookmark: _Hlk134774614]However, there is no orthogonality restriction on DMRS port indication for MU-MIMO in the current specification, excluding some prohibited combinations of DMRS ports for MU-MIMO. It is up to the network how to perform MU-MIMO scheduling. Due to the limited number of orthogonal DMRS ports, the network can even configure different scramblingID of DMRS to UEs in MU-MIMO, which would lead to non-orthogonal MU-MIMIO scheduling in the current network. In addition to using different DMRS scrambling IDs, MU-MIMO can also be scheduled with different analog beams in FR2, if two UEs are far apart. In this case, even with the same scramblingID, non-orthogonal DMRS ports can still be used for different UEs in MU-MIMO. There is no need to restrict the methods for MU-MIMO at the gNB side. Therefore, it is unnecessary to introduce the additional orthogonality restriction on the indicated DMRS ports per UE in MU-MIMO.
Multiple UEs in MU-MIMO can be co-scheduled by different DMRS scrambling IDs or even different analog beams with non-orthogonal DMRS ports in the current network.
Don’t support to introduce orthogonality restriction on the indicated PDSCH DMRS ports for MU-MIMO in the specification.

Additional scheduling restriction for PDSCH rate-matching
	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.


In the previous meeting, two restrictions have been introduced to avoid orphan REs when FD-OCC4 is applied for PDSCH DMRS. The rate matching issue is covered by the first restriction, i.e., the number of consecutively scheduled PRBs for PDSCH is even. This restriction guarantees that the number of consecutively occupied PRBs in each discrete part caused by PDSCH rate matching is even. However, the PRBs not available for PDSCH are variable, e.g., PRBs not available for PDSCH declared by RateMatchPattern are configured with 1RB granularity and a symbol level bitmap, leading to the second restriction can’t avoid some orphan RE cases caused by PDSCH rate matching.
As shown in Figure 1, PRB 2, PRB3, and PRB4 are declared as not available for PDSCH by RateMatchPattern, leading to non-contiguous PRBs allocation for PDSCH, thus PDSCH is only scheduled in PRB 0, 1, 5, 6. In this case, assume PRG=2, though PRB allocation meets the first and the second restriction in the previous agreement, there is still an orphan RE issue in RPB 5 and PRB 6. Since PRB 5 and PRB 6 belong to different PRGs with different precoders, UE can’t perform channel estimation across the boundary of PRG. In other words, the second restriction can only guarantee that the offset between point A and the first PRB (i.e., PRB 0) of the whole scheduled PDSCH is even. However, it can’t guarantee the offset between point A and the first PRB (i.e., PRB 0 and PRB 5) of consecutively scheduled PRBs in each discrete part caused by rate matching is even.
To avoid such an orphan RE case, one additional restriction should be introduced, i.e., the number of PRBs offset between consecutively scheduled PRBs for PDSCH and point A (common resource block 0) is even, which can be regarded as a superset of the second restriction in the previous agreement. Based on updated restrictions, PRBs scheduled for each UE would be aligned without orphan REs.
[image: ]
An example of PDSCH rate matching
Considering flexible PDSCH rate matching, the second PDSCH scheduling restriction in the previous agreement is not sufficient for avoiding the orphan RE issue.
Introduce additional PDSCH scheduling restriction, i.e., the number of PRBs offset of consecutively scheduled PRBs for PDSCH from point A (common resource block 0) is even.

Enhancement on DMRS for UL 8Tx
	Agreement
For more than 4 layers SU-MIMO PUSCH, support
· Both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. 
· For UE supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with either of Rel.15 Type 1/Type 2 DMRS ports or Rel.18 eType 1/eType 2 DMRS ports.
· RRC based indication is supported as the baseline. FFS whether DCI based indication is further needed.
· For UE not supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with Rel.15 Type 1/Type 2 DMRS ports only.
Agreement
For > 4 layers PUSCH, support new antenna ports tables for rank = 5,6,7,8 for both single-symbol/double-symbol DMRS. 
· For Type 1/Type 2 Rel.15 DMRS ports, new antenna ports tables are the following: 
· The same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused at least for full or non-coherent UL codebook.
· For Rel.18 eType1/eType2 DMRS ports, 
· New antenna ports tables with new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· Note: Whether the DMRS port combination allows to use single symbol DMRS for rank = 5,6,7,8 should be checked. 
· FFS: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group.
· FFS: One or more than one DMRS port combination(s) for each rank and TPMI
· Note: New DMRS port combinations above does not preclude the new antenna ports tables including the current DMRS port combination(s) for PDSCH for rank = 5,6,7,8 in Rel.15-17. 
· FFS: Whether the antenna ports combinations for rank = 5,6,7,8 can be indicated by the reserved entries of existing antenna ports tables for rank =1,2,3,4, if the rank is indicated together with DMRS antenna ports.
Agreement
For > 4 layers PUSCH with Rel.18 eType 1/eType 2 DMRS ports, support at least the same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH with Rel.18 eType 1/eType 2 DMRS ports at least for full or non-coherent UL codebook based PUSCH and non-codebook based PUSCH.
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 
Confirm the following Working Assumption in RAN1#112 at least for NCB based PUSCH:
· 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].
· Note: The above Working Assumption for CB based PUSCH may be confirmed later.


For UL 8Tx transmission, there might be more than 4 layers of PUSCH transmission. In this case, more than 4 DMRS ports should be indicated to estimate the channel information for PUSCH transmission. It has been agreed that Rel-18 DMRS ports can also be indicated for UL 8Tx if UE supports the capability in the previous meeting. 
Since downlink transmission already supports the DMRS port indication for PDSCH transmission with more than four layers, reusing the DMRS port combination of PDSCH is a simple and feasible solution for Rel-18 UL 8Tx transmission to save the spec effort. For Rel-18 UE that only supports Rel-15 Type 1/Type 2 DMRS ports, those legacy DMRS port combinations entries can be reused for uplink 8Tx. For Rel-18 UE that supports Rel-18 eType 1/eType 2 DMRS ports, those Rel-18 DMRS port combinations entries can also be reused for uplink 8Tx, which can be further discussed after the entries of Rel-18 DMRS port combinations are determined.
For DMRS port indication for PUSCH with rank>4, support reusing the same PDSCH DMRS port combinations as much as possible.
Moreover, specifying new separate DMRS port tables for rank=5-8 with R18 DMRS has been taken as a working assumption. From the perspective of spec, keeping the same principle for rank=1-4 and rank=5-8 for codebook based PUSCH is a clearer way, since separate DMRS ports tables for rank=1-4 have been agreed in the previous meeting. 
Confirming the working assumption, i.e., support separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 for codebook based PUSCH.

Enhancement on PTRS ports for UL 8Tx
	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
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.
· 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 7.3.1.1.2-25: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW

	1
	2nd scheduled DMRS port with the CW

	2
	3rd scheduled DMRS port with the CW

	3
	4th scheduled DMRS port with the CW


Conclusion
For “The CW with the higher MCS” in RAN1#112 agreement of PTRS-DMRS association field for full-coherent PUSCH with rank=5~8 PUSCH with one port PTRS, following is clarified.
· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.
Agreement
For partial/non-coherent PUSCH with rank=5-8 transmission (i.e. non of the CWs is disabled) with one PTRS port, PTRS-DMRS association for PUSCH is the following.
· The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· The CW with the higher MCS is selected in case of two CWs.
· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.
· If the MCS is the same for two CWs, the PTRS port is associated with the first CW.
Table 7.3.1.1.2-25: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW

	1
	2nd scheduled DMRS port with the CW

	2
	3rd scheduled DMRS port with the CW

	3
	4th scheduled DMRS port with the CW


Agreement
For two PTRS ports for partial/non-coherent PUSCH, PTRS-DMRS association for PUSCH with up to 8 layers is down selected from the following.
· Alt.1: The size of PTRS-DMRS association field is 4-bit in DCI format 0_1/0_2.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1


· Alt.2: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· 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 2: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1


· Alt.3: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
· For PUSCH with rank 5-8, 2-bit of antenna ports field is reused in addition to 2-bit PTRS-DMRS association in DCI format 0_1/0_2, and total 4-bit is used for PTRS-DMRS association.
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1


· Alt.4: The size of PTRS-DMRS association field is 2-bit in DCI format 0_1/0_2.
Table 2: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1





Max number of PTRS ports
In the current spec, up to 2 PTRS ports are specified for PUSCH. When there is only one phase noise source, one PTRS port configured for PUSCH is enough, then the network would indicate which DMRS port is associated with the PTRS port. When two phase noise sources exist, like two panels of UE are linked to two oscillators individually, then 2 PTRS ports should be configured for PUSCH to track two parts of phase noise.
[bookmark: _Hlk118323262]For UL 8Tx, up to 4 antenna groups would be considered for PUSCH transmission. However, in our understanding, 4 antenna groups are not equivalent to 4 panels. It’s up to UE how to map antenna groups to panels. Even if 4 antenna groups are mapped to 4 panels, one more important point should be mentioned is that it is not equivalent to there would be 4 phase noise sources for PUSCH, since 4 panels can be linked to two oscillators, i.e., two panels are linked to one oscillator. In this case, up to 2 PTRS ports are enough. 
Support to keep up to 2 PTRS ports for UL 8Tx.
PTRS-DMRS association for partial/non-coherent PUSCH
For full/partial/non-coherent PUSCH with rank=5-8 transmission with one PTRS port, PTRS-DMRS association indication based on higher MCS has been agreed in the previous meeting. The remaining issue is how to design the PTRS-DMRS association indication for partial/non-coherent PUSCH with rank=5-8 transmission with two PTRS ports. In the current spec, when two PTRS ports are applied, 1-bit MSB is for the DMRS port indication of PTRS port 0, and 1-bit LSB is for the DMRS port indication of PTRS port 1. 
Two potential schemes for PTRS-DMRS association indication for partial/non-coherent PUSCH can be considered for UL 8Tx as follows.
· Alt 1: Keep the overhead of PTRS-DMRS association indication field as 2 bits
· Alt 2: Increase the overhead of PTRS-DMRS association indication field as 4 bits
For Alt 1, to keep the overhead of PTRS-DMRS association indication field, the same principle of  PTRS-DMRS association for full-coherent PUSCH can be reused, i.e., PTRS port is associated with the DMRS port mapped in the target codeword with higher MSC when two codewords are transmitted for PUSCH. If two codewords have the same MCS, the first codeword is selected as the target codeword. However, it is associated with the codebook design for partial/non-coherent PUSCH, i.e., two PTRS ports associated with different PUSCH ports should be mapped in the same codeword. Based on this solution, after determining the target codeword, there would be only one of two DMRS ports to be indicated for each PTRS port. 
When two PTRS ports are configured, PTRS port 0 is only associated with the 1st and the 2nd DMRS port among DMRS ports that share PTRS port 0, while PTRS port 1 is only associated with the 1st and the 2nd DMRS port among DMRS ports which share PTRS port 1 in the target codeword. In this case, the legacy PTRS-DMRS association field can be reused with 2 bits, i.e., 1 bit MSB is for the indication of PTRS port 0, and 1 bit LSB is for the indication of PTRS port 1, then the legacy PTRS-DMRS association indication table also can be reused as shown below. 
Table 2: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1


When two PTRS ports are applied for partial/non-coherent PUSCH, there could be only two candidate DMRS ports for each PTRS port, after determining the target codeword based on higher MCS.
For Alt 2, a similar principle to the legacy PTRS-DMRS association can be directly extended for UL 8Tx. For the case of two PTRS ports, 4 bits can be used, where 2 bits MSB are for the indication of PTRS port 0, and 2 bits LSB are for the indication of PTRS port 1. From the perspective of DCI overhead, Alt 1 is a more appropriate solution for uplink 8Tx PTRS-DMRS association.
For partial/non-coherent PUSCH with rank 5-8 transmission with two PTRS ports, support to keep the overhead of PTRS-DMRS association indication field as 2 bits in DCI format 0_1/0_2 based on the following principle.
· Two PTRS ports are associated with DMRS ports mapped in the target codeword with higher MSC. If two codewords have the same MCS, the first codeword is selected as the target codeword. 

Conclusion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In summary, the following observations and proposals are made for Rel-18 DMRS enhancement.
1. For rank>4, the balance of port allocation in each CDM group is considered for better channel estimation performance of legacy DMRS ports.
1. Multiple UEs in MU-MIMO can be co-scheduled by different DMRS scrambling IDs or even different analog beams with non-orthogonal DMRS ports in the current network.
Considering flexible PDSCH rate matching, the second PDSCH scheduling restriction in the previous agreement is not sufficient for avoiding the orphan RE issue.
When two PTRS ports are applied for partial/non-coherent PUSCH, there could be only two candidate DMRS ports for each PTRS port, after determining the target codeword based on higher MCS.
1. It’s  enough to support the following Rel-18 etype1 DMRS port combinations with the balance of port allocation when maxLength = 1 for rank>4
· {0,1,2,3,8} for rank=5
· {0,1,2,3,8,10} for rank=6
· {0,1,2,3,8,9,10} for rank=7
· {0,1,2,3,8,9,10,11} for rank=8
1. Support specifying new DMRS indication tables for Rel-18 DMRS.
1. Support semi-static switching between separate DMRS indication tables for Rel-18 DMRS ports with FD-OCC4 and legacy DMRS ports with FD-OCC2 based on RRC.

1. Don’t support to introduce orthogonality restriction on the indicated PDSCH DMRS ports for MU-MIMO in the specification.
Introduce additional PDSCH scheduling restriction, i.e., the number of PRBs offset of consecutively scheduled PRBs for PDSCH from point A (common resource block 0) is even.
For DMRS port indication for PUSCH with rank>4, support reusing the same PDSCH DMRS port combinations as much as possible.
Confirming the working assumption, i.e., support separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 for codebook based PUSCH.
Support to keep up to 2 PTRS ports for UL 8Tx.
For partial/non-coherent PUSCH with rank 5-8 transmission with two PTRS ports, support to keep the overhead of PTRS-DMRS association indication field as 2 bits in DCI format 0_1/0_2 based on the following principle.
· Two PTRS ports are associated with DMRS ports mapped in the target codeword with higher MSC. If two codewords have the same MCS, the first codeword is selected as the target codeword. 
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