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1	Introduction
During RAN1 #113 meeting, following agreements were made for DMRS enhancements[1]:
Conclusion
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, there is no consensus to support the following rows:
· Row 23 for 1CW.
· Row 4-7 for 2CW.
· Row 8-9 for 2CW.

Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· 1) Support row 8-11 for 1 CW.
· For row 9-11 in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· 2) For row 24-30, 55-60, 69-80, down select from the following:
· Alt.2-1: Support row 24-30 and row 55-60 without MU restriction. Remove row 69-80.
· Alt.2-2: Support row 69-80 without MU restriction. Support row 24-30 with MU restriction. Remove row 55-60.
· Alt.2-3: Support row 24-30 with MU restriction. Remove row 55-60 and 69-80.
· Alt 2-4: Support row 69-80 without MU restriction. Remove row 24-30, 55-60. 
· Alt 2-5: Remove row 24-30, 55-60, 69-80 due to no consensus to support them.
· Atl 2-6: Support rows 24-30 and rows 59-60 without MU restriction. Remove rows 69-80 and rows 55-58.
· 3) For row 81-82:
· Alt.3-1: 
· If RAN1 agree row 26-27 without MU restriction,
· Support row 81-82 without MU restriction.
· Else,
· Remove row 81-82.
· Alt.3-2: Remove 81-82.
· 4) [Remove row 83.]
· For 2CW, 
· 5 [Remove row 0-3.]
· 6) Support row 20-23 if row 4-7 are supported for eType1 maxLength=1. Else, remove row 20-23.
· 7) Down select from the following:
· Alt.7-1: Support row 8-19 and remove row 24-35.
· Alt.7-2: Support row 24-35 and remove row 8-19.
· Alt.7-3: Remove row 8-19 and 24-35.
· 8) Support row 36-37 if row 8-9 are supported for eType1 maxLength=1. Else, remove row 36-37.

Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· 1) [Support row 9-10 and row 20-23.]
· 2) For row 33-34, 44-46, down select from the following:
· Alt.2-1: Support row 33-34 and row 44-46.
· Alt.2-2: Remove row 33-34 and row 44-46.
· 3) For row 60-62, down select from the following:
· Alt.3-1: Support row 60-62.
· Alt.3-2: Remove row 60-62.
· For 2CW, 
· 4) For row 2-3.
· Alt.4-1: Support row 2-3.
· Alt.4-2: Remove row 2-3.
· 5) [Support row 8-11.]
· 6) Remove row 12.
· 7) Support row 13-20 if row 8-9 are supported for eType1 maxLength=1. Else, remove row 13-20.


Agreement
For time density of PTRS of rank 5-8 PUSCH, support Alt.1:
· Alt.1: Reuse the existing RRC parameter of timeDensity in PTRS-UplinkConfig for both CWs.
· The time density for an PTRS port is determined by the MCS for the associated CW.

Working Assumption
For > 4 layers PUSCH with Rel.15 Type1/Type2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports, for partial coherent UL codebook, support Alt.2:
· Alt.2: DMRS ports combination(s) for full/non-coherent UL codebook is reused.
· The same DMRS port tables are used for full/partial/non-coherent UL codebook.

Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 4) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group, there is no consensus to support the following.
· Alt.2: Rel.18 UE2 configured with Rel.15 DMRS ports can be signaled, to indicate that there may be another Rel.18 UE1 with Rel.18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) in the same CDM group, so that the Rel.18 UE2 can assume FD-OCC length 4 for channel estimation of Rel.15 DMRS ports.
· Dedicated UE capability is introduced.
· The signaling is at least by RRC (FFS: whether to support DCI based signaling).

Conclusion
For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 2) For PDSCH, there is no additional restriction between Rel.18 UE1 indicated with Rel-18 Legacy ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15-18 UE2 indicated with Rel.15 DMRS ports in a CDM group from Rel.17 spec.
· Note1: MU-MIMO restriction in Rel.15-17 is applied to Rel.15-17 UE and Rel-18 UE configured with Rel-15 DMRS port(s)
· Note2: MU-MIMO restriction in Rel.18 is applied to Rel.18 UE configured with Rel-18 DMRS port(s)

Agreement
Rel.18 eType1/eType2 DMRS is not applied to Msg.A PUSCH.

Conclusion
For 8Tx PUSCH, no consensus to support more than 2 ports PTRS for CP-OFDM.

Agreement
For Rel.18 eType 1/eType 2 DMRS with maxLength= 1/2 for PUSCH, additionally support the following rows.
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)

	Y
	2
	0,2,3


Table 7.3.1.1.2-14-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	Y
	2
	0,2,3
	1


Table 7.3.1.1.2-14-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	Y
	2
	0,2,3


Table 7.3.1.1.2-22-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType2, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	Y
	2
	0,2,3
	1



Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support/remove the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data in RAN1#112bis-e agreement.
· For 1CW, 
· 1) [Support row 9-10, 20-23].
· 2) For row 42-47, 100-105, 129-152, down select or modify from the following:
· Alt.2-1: Support row 42-47 and row 100-105 without MU restriction. Remove row 129-152.
· Alt.2-2: Support row 129-152 without MU restriction. Support row 42-47 with MU restriction. Remove row 100-105.
· Alt.2-3: Support row 42-47 with MU restriction. Remove row 100-105 and 129-152.
· Alt 2-4: Support row 129-152 without MU restriction. Remove row 42-47, 100-105. 
· Alt 2-5: remove row 42-47, 100-105, 129-152 due to no consensus to support them.
· Alt 2-6: Support row 42-47 and 103-105 without MU restriction, remove 100-102 and 129-152
· 3) For row 67-68, 78-80:
· Alt.3-1: 
· If RAN1 agree row 9-10, 20-23 without MU restriction
· Support row 67-68, 78-80 without MU restriction.
· Else,
· Remove row 67-68, 78-80.
· Alt.3-2: Remove 67-68,78-80.
· 4) For row 153-158, down select from the following.
· Alt.4-1: Support row 153-158 without MU restriction.
· Alt.4-2: Remove row 153-158.
· For 2CW, 
· 5) [Remove row 0-5.]
· 6) [Support row 10-13.]
· 7) Down select from the following:
· Alt.7-1: Support row 14-37 and remove row 46-69.
· Alt.7-2: Support row 46-69 and remove row 14-37.
· Alt.7-3: Remove row 14-37 and row 46-69.
· 8) remove row 38-45.

[bookmark: _Hlk136445430]Agreement
For 8Tx PUSCH, when the ptrs-Power configures 00, the factor ([image: ]) for partial coherent TPMIs is down selected from the following:
· Alt.1: , where  is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with, Qp is the number of PTRS ports scheduled to the UE, and L is the total number of PUSCH layers.
· Alt.2: , where  is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with, and Qp is the number of PTRS ports scheduled to the UE.


Agreement
The following MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports is not supported:
· 3) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15-17 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group
· FFS: 4) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group

Working Assumption
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement,
· For 1CW, 
· 2) For row 24-30, 55-60, 69-80, support at least row 73-80 without MU restriction. Support row 24-30 with MU restriction (UE does not expect to be coscheduled with another UE in the same CDM group). Remove row 55-60.
· FFS: for row 69-72

In this contribution we share our views on remaining issue of DMRS enhancement. 
[bookmark: _Ref178064866]2	Discussion
2.1 Antenna ports indication tables for PUSCH
The major remaining work for eType1 DMRS is PUSCH DMRS antenna ports tables for maxLength=1 rank 5-8 and maxLength =2 rank 1-8. Though the eType1 PDSCH antenna port tables have (almost) been completed and it is convenient to copy from the PDSCH tables, we should avoid taking such short cut for PUSCH tables. There’s distinguish difference for the PDSCH and PUSCH tables. For PDSCH table design, one important perspective is the concern on UE implementation complexity related to MU-MIMO interference cancellation algorithms and number of layers UE can handle, particularly when the combination using DMRS ports across CDM groups. For PUSCH table, the network does the decoding and can determine preferred combinations, the UE implementation effort is much smaller. Network can profit from its overall knowledge of scheduled UEs to achieve good PUSCH performance if the antenna ports combinations is sufficiently flexible. PUSCH antenna port table shall include more flexible combinations than PDSCH tables.
[bookmark: _Toc142651705]Antenna ports combinations for PUSCH can be more flexible than PDSCH tables as the impact on UE implementation complexity is much smaller.
In the following sections we elaborate different serving purposes of these preferred antenna port combinations.
One of the most important use-cases for extending the number of DMRS ports is to allow co-scheduling of more UEs for MU-MIMO. For MU-MIMO, as a minimum, one-layer and two-layer transmission should be supported. Thus, port combinations allowing for MU-MIMO co-scheduling all combinations of one-layer and two-layer UEs, utilizing all the available ports should be supported. The principle is thus: Support a set of one-port and two-port port combinations that allow co-scheduling of any combination of multiple UEs scheduled with one or two layers, filling up all available DMRS ports. For PUSCH supporting such combinations will significantly increase the MU-MIMO capacity as there’s no MU-MIMO restriction.
[bookmark: _Toc142669775]Include large number of 1-layer and 2-layer antenna port combinations to increase the multi-user scheduling flexibility.
Another important aspect for PUSCH table is to support port-combinations that are compatible with legacy ports. The Rel-15 ports and Rel-18 ports can be co-scheduled on PUSCH to increase the PUSCH throughput. Take type 1 DMRS for example, the ports 0 to 7 for eType1 and Type1 are the same. In order to facilitate co-scheduling legacy UEs with Rel-18 UEs, it is beneficial if the Rel-18 DMRS antenna port tables includes rows that are not using the legacy DMRS ports. Note also that the DMRS port used for fallback DCI is always port 0, port combinations don’t use port 0, for example, {8,9,10}, {8,9,10,11} shall be added to eType1 maxLength=2 PUSCH table. Rel-18 UE can be scheduled with such combination and being co-scheduled with legacy UEs using legacy ports for MU-MIMO PUSCH transmission.
[bookmark: _Toc142669776]Include antenna ports combinations that are compatible with legacy ports to facilitate co-scheduling legacy UEs with Rel-18 UEs.

Combinations using as few CDM groups as possible for higher rank shall also be included such that DMRS can be power boosted which can achieve better performance. Especially entries with “CDM without data equal to 1” shall be included to improve the spectrum efficiency when there’s few UEs in the network. One such example is combination {0,1,4,5,8,9,12,13} with eType1 maxLength=2, where only one CDM group is needed to schedule 8 layers.
[bookmark: _Toc142669777]Include antenna ports combinations using as few CDM groups as possible for higher ranks.

Super orthogonal ports combinations shall be included to improve the robustness at high delay spread. To achieve super-orthogonality for port combinations with more than two ports, it’s therefore necessary to utilize more than one CDM group. For PDSCH the UE may assume that no other UE has been co-scheduled within the same CDM group. One such example is rank 6 combination {0,1,2,3,8,9} for eType1 where the first codeword with 3 layers uses antenna ports {0,1,2}, the second codeword with 3 layers uses antenna ports {3,8,9}. As is illustrated in Figure 1, see simulation details in [2], the performance of {2}, {3} is shown with the blue curve; the performance of {0}, {1}, {8}, {9} is shown with the black/green curve. {2}, {3} gives better performance than {0}, {1}, {8}, {9}, and for each codeword one better layer is used. Comparing with the agreed row {0,1,2,3,8,10} which uses the black/green ports with higher channel estimation error and lower throughput, {0,1,2,3,8,9} provides much better performance.

[image: ]
Figure 1 Chest and Throughput comparison for antenna port {0}, {1}, {8}, {9} and antenna ports {2}, {3}.

The antenna port combination {0,1,2,3,8,9} shall be supported for PDSCH and PUSCH. For PUSCH as there’s no MU-MIMO restriction, another combination {2,3,8,9,10,11} can be used which even enables co-scheduling of legacy UEs using antenna ports 0 and 1.
Based on above discussion, we propose the following PUSCH antenna ports tables in 2.1.1, 2.1.2 and 2.1.3.
[bookmark: _Toc142669778]Support antenna ports indication tables for PUSCH DMRS eType1 with maxLength = 2 rank 1-4 (Table 1-4), maxLength = 1 rank 5-8 (Table 5-8) and maxLength = 2 rank 5-8 (Table 9-12) in section 2.1.1, 2.1.2 and 2.1.3 correspondingly.

Note: In the proposed PUSCH tables below the yellow highlight means rows not included in agreements or working assumptions for PDSCH.

2.1.1 eType1 DMRS with maxLength=2 PUSCH table (rank 1-4)
Table 1: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=2, rank = 1

	
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	2
	0
	2

	7
	2
	1
	2

	8
	2
	2
	2

	9
	2
	3
	2

	10
	2
	4
	2

	11
	2
	5
	2

	12
	2
	6
	2

	13
	2
	7
	2

	14
	1
	8
	1

	15
	1
	9
	1

	16
	2
	8
	1

	17
	2
	9
	1

	18
	2
	10
	1

	19
	2
	11
	1

	20
	2
	8
	2

	21
	2
	9
	2

	22
	2
	10
	2

	23
	2
	11
	2

	24
	2
	12
	2

	25
	2
	13
	2

	26
	2
	14
	2

	27
	2
	15
	2

	28
	1
	8
	2

	29
	1
	9
	2

	30
	1
	12
	2

	31
	1
	13
	2



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

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	2
	0,2
	1

	4
	2
	0,1
	2

	5
	2
	2,3
	2

	6
	2
	4,5
	2

	7
	2
	6,7
	2

	8
	2
	0,4
	2

	9
	2
	2,6
	2

	10
	1
	8,9
	1

	11
	2
	8,9
	1

	12
	2
	10,11
	1

	13
	2
	8,10
	1

	14
	2
	9,11
	1

	15
	2
	8,9
	2

	16
	2
	10,11
	2

	17
	2
	12,13
	2

	18
	2
	14,15
	2

	19
	2
	0,2
	2

	20
	2
	1,3
	2

	21
	2
	4,6
	2

	22
	2
	5,7
	2

	23
	2
	8,10
	2

	24
	2
	9,11
	2

	25
	2
	12,14
	2

	26
	2
	13,15
	2

	27
	1
	0,1
	2

	28
	1
	8,9
	2

	29
	1
	4,5
	2

	30
	1
	12,13
	2

	31
	Reserved
	Reserved
	Reserved



Table 3: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2

	3
	2
	8-10
	1

	4
	2
	8-10
	2

	5
	2
	12-14
	2

	6
	1
	0,1,8
	1

	7
	2
	0,1,8
	1

	8
	2
	2,3,10
	1

	9
	2
	0,1,8
	2

	10
	2
	2,3,10
	2

	11
	2
	4,5,12
	2

	12
	2
	6,7,14
	2

	13
	1
	0,1,8
	2

	14
	1
	2,3,10
	2




	
Table 4: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	4
	2
	8-11
	1

	5
	1
	0,1,8,9
	1

	6
	2
	0,1,8,9
	1

	7
	2
	2,3,10,11
	1

	8
	2
	0,1,8,9
	2

	9
	2
	2,3,10,11
	2

	10
	2
	4,5,12,13
	2

	11
	2
	6,7,14,15
	2

	12
	2
	8,10,12,14
	2

	13
	1
	0,1,8,9
	2

	14
	1
	4,5,12,13
	2




2.1.2 eType1 DMRS with maxLength=1 PUSCH table (rank 5-8)

Table 5: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,8

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

	2
	2
	2,3,9,10,11


Table 6: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

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

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


Table 7: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

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

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


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

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

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




2.1.3 eType1 DMRS with maxLength=2 PUSCH table (rank 5-8)

Table 9: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

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

	2
	2
	2,3,9,10,11
	1

	3
	1
	0,1,4,5,8
	2

	4
	2
	0,1,4,5,8
	2

	5
	2
	2,3,6,7,10
	2



Table 10: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

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

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

	3
	1
	0,1,4,5,8,9
	2

	4
	2
	0,1,4,5,8,9
	2

	5
	2
	2,3,6,7,10,11
	2



Table 11: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

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

	2
	2
	0,1,4,5,8,9,12
	2

	3
	1
	0,1,4,5,8,9,12
	2

	4
	2
	2,3,6,7,10,11
	2

	5
	2
	9,10,11,12,13,14,15
	2



Table 12: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=2, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

	1
	2
	8,9,10,11,12,13,14,15
	2

	2
	2
	0,1,4,5,8,9,12,13
	2

	3
	1
	0,1,4,5,8,9,12,13
	2

	4
	2
	2,3,6,7,10,11,14,15
	2



2.2 Antenna ports indication table for eType1 DMRS with maxLength=2 PDSCH
One issue for PDSCH antenna ports indication table is whether to support the additional combinations for eType1 DMRS with maxLength=2. In RAN1#113 we made following agreements for 1 codeword and 2 codewords correspondingly.
Working Assumption
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement,
· For 1CW, 
· 2) For row 24-30, 55-60, 69-80, support at least row 73-80 without MU restriction. Support row 24-30 with MU restriction (UE does not expect to be coscheduled with another UE in the same CDM group). Remove row 55-60.
· FFS: for row 69-72

Agreement
…
· 7) Down select from the following:
· Alt.7-1: Support row 8-19 and remove row 24-35.
· Alt.7-2: Support row 24-35 and remove row 8-19.

Below is the referring table and rows from the agreements.
Table 7.3.1.2.2-2-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=2
	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)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	[0
	2
	0-4
	2]

	1
	1
	1
	1
	[1
	2
	0,1,2,3,4,6
	2]

	2
	1
	0,1
	1
	[2
	2
	0,1,2,3,4,5,6
	2]

	3
	2
	0
	1
	[3
	2
	0,1,2,3,4,5,6,7
	2]

	4
	2
	1
	1
	4
	2
	0,1,2,3,8
	1

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

	6
	2
	3
	1
	6
	2
	0,1,2,3,8,9,10
	1

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

	8
	2
	2,3
	1
	[8
	1
	0,1,4,5,8
	2]

	9
	2
	0-2
	1
	[9
	1
	0,1,4,5,8,12
	2]

	10
	2
	0-3
	1
	[10
	1
	0,1,4,5,8,9,12
	2]

	11
	2
	0,2
	1
	[11
	1
	0,1,4,5,8,9,12,13
	2]

	12
	2
	0
	2
	[12
	2
	0,1,4,5,8
	2]

	13
	2
	1
	2
	[13
	2
	0,1,4,5,8,12
	2]

	14
	2
	2
	2
	[14
	2
	0,1,4,5,8,9,12
	2]

	15
	2
	3
	2
	[15
	2
	0,1,4,5,8,9,12,13
	2]

	16
	2
	4
	2
	[16
	2
	2,3,6,7,10
	2]

	17
	2
	5
	2
	[17
	2
	2,3,6,7,10,14
	2]

	18
	2
	6
	2
	[18
	2
	2,3,6,7,10,11,14
	2]

	19
	2
	7
	2
	[19
	2
	2,3,6,7,10,11,14,15
	2]

	20
	2
	0,1
	2
	[20
	2
	0,1, 2,3,10
	1]

	21
	2
	2,3
	2
	[21
	2
	0,1,8,2,3,10
	1]

	22
	2
	4,5
	2
	[22
	2
	0,1,8, 2,3,10,11
	1]

	23
	2
	6,7
	2
	[23
	2
	0,1,8,9,2,3,10,11
	1]

	[24
	2
	0,4
	2]
	[24
	1
	0,1,4,5,12
	2]

	[25
	2
	2,6
	2]
	[25
	1
	0,1,8,4,5,12
	2]

	[26
	2
	0,1,4
	2]
	[26
	1
	0,1,8,4,5,12,13
	2]

	[27
	2
	2,3,6
	2]
	[27
	1
	0,1,8,9,4,5,12,13
	2]

	[28
	2
	0,1,4,5
	2]
	[28
	2
	0,1,4,5,12
	2]

	[29
	2
	2,3,6,7
	2]
	[29
	2
	0,1,8,4,5,12
	2]

	[30
	2
	0,2,4,6
	2]
	[30
	2
	0,1,8,4,5,12,13
	2]

	31
	1
	8
	1
	[31
	2
	0,1,8,9,4,5,12,13
	2]

	32
	1
	9
	1
	[32
	2
	2,3,6,7,14
	2]

	33
	1
	8,9
	1
	[33
	2
	2,3,10,6,7,14
	2]

	34
	2
	8
	1
	[34
	2
	2,3,10,6,7,14,15
	2]

	35
	2
	9
	1
	[35
	2
	2,3,10,11,6,7,14,15
	2]

	36
	2
	10
	1
	[36
	2
	0,2,3,8,9
	1]

	37
	2
	11
	1
	[37
	2
	0,1,2,3,8,9
	1]

	38
	2
	8,9
	1
	
	
	
	

	39
	2
	10,11
	1
	
	
	
	

	[40
	2
	8-10
	1]
	
	
	
	

	[41
	2
	8-11
	1]
	
	
	
	

	[42
	2
	8,10
	1]
	
	
	
	

	43
	2
	8
	2
	
	
	
	

	44
	2
	9
	2
	
	
	
	

	45
	2
	10
	2
	
	
	
	

	46
	2
	11
	2
	
	
	
	

	47
	2
	12
	2
	
	
	
	

	48
	2
	13
	2
	
	
	
	

	49
	2
	14
	2
	
	
	
	

	50
	2
	15
	2
	
	
	
	

	51
	2
	8,9
	2
	
	
	
	

	52
	2
	10,11
	2
	
	
	
	

	53
	2
	12,13
	2
	
	
	
	

	54
	2
	14,15
	2
	
	
	
	

	[55
	2
	8,12
	2]
	
	
	
	

	[56
	2
	10,14
	2]
	
	
	
	

	[57
	2
	8,9,12
	2]
	
	
	
	

	[58
	2
	10,11,14
	2]
	
	
	
	

	[59
	2
	8,9,12,13
	2]
	
	
	
	

	[60
	2
	10,11,14,15
	2]
	
	
	
	

	61
	2
	8,10,12,14
	2
	
	
	
	

	62
	1
	0,1,8
	1
	
	
	
	

	63
	1
	0,1,8,9
	1
	
	
	
	

	64
	2
	0,1,8
	1
	
	
	
	

	65
	2
	0,1,8,9
	1
	
	
	
	

	66
	2
	2,3,10
	1
	
	
	
	

	67
	2
	2,3,10,11
	1
	
	
	
	

	[69
	1
	0,1,8
	2]
	
	
	
	

	[70
	1
	0,1,8,9
	2]
	
	
	
	

	[71
	1
	4,5,12
	2]
	
	
	
	

	[72
	1
	4,5,12,13
	2]
	
	
	
	

	[73
	2
	0,1,8
	2]
	
	
	
	

	[74
	2
	0,1,8,9
	2]
	
	
	
	

	[75
	2
	4,5,12
	2]
	
	
	
	

	[76
	2
	4,5,12,13
	2]
	
	
	
	

	[77
	2
	2,3,10
	2]
	
	
	
	

	[78
	2
	2,3,10,11
	2]
	
	
	
	

	[79
	2
	6,7,14
	2]
	
	
	
	

	[80
	2
	6,7,14,15
	2]
	
	
	
	

	[81
	2
	5,8,9
	2]
	
	
	
	

	[82
	2
	7,10,11
	2]
	
	
	
	

	[83
	2
	7,12,13
	2]
	
	
	
	



Remaining issue for the table with maxLength=2:
2CW:
· 7) Down select from the following:
· Alt.7-1: Support row 8-19 and remove row 24-35.
· Alt.7-2: Support row 24-35 and remove row 8-19.
· Alt.7-3: Remove row 8-19 and 24-35.
1CW:
Working Assumption
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, for case 2) in RAN1#113 agreement,
· For 1CW, 
· 2) For row 24-30, 55-60, 69-80, support at least row 73-80 without MU restriction. Support row 24-30 with MU restriction (UE does not expect to be coscheduled with another UE in the same CDM group). Remove row 55-60.
· FFS: for row 69-72

FFS:
For 2CW, support Alt.7-1. For 1CW, confirm working assumption. 
The working assumption for 1CW shall be confirmed. We prefer to include the rows 69-72 in the FFS to allow more flexible scheduling alternatives.
[bookmark: _Toc142669779]Confirm the working assumption for 1CW eType1 DMRS maxLength = 2 table from RAN1#113 meeting.
For 2 CW, either Alt.7-1 or Alt.7-2 can be supported, from network perspective there’s not much difference. But we don’t support Alt.7-3 as it significantly limits the 2 CW scheduling for Rel-18 DMRS.
[bookmark: _Toc142669780]Support either Alt.7-1 or Alt.7-2 in the agreement for 2 CW eType1 DMRS maxLength = 2 table from RAN1#113 meeting.

2.3 Co-scheduling of Type1/2 DMRS ports with eType1/2 DMRS ports 
Agreement
The following MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports is not supported:
· 3) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15-17 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group
· FFS: 4) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· UE does not expect such MU-MIMO within a CDM group

The FFS in the second sub-bullet shall be clarified to understand the applicable MU-MIMO co-scheduling scenarios. It is better to close this discussion with clearly defined co-scheduling scenarios in the specification than to leave this issue open, though the outcome may limit the possible network implementation on MU-MIMO scheduling. 
[bookmark: _Toc142669781]For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group --- UE does not expect such MU-MIMO within a CDM group.


2.4 PT-RS for up to 8-layer PUSCH
2.4.1 PT-RS power boosting for partial coherent TPMI

Agreement
For 8Tx PUSCH, when the ptrs-Power configures 00, the factor ([image: ]) for partial coherent TPMIs is down selected from the following:
· Alt.1: , where  is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with, Qp is the number of PTRS ports scheduled to the UE, and L is the total number of PUSCH layers.
· Alt.2: , where  is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with, and Qp is the number of PTRS ports scheduled to the UE.

Here we support Alt.2 with the clarification that the PT-RS power boosting for a PTRS port associated with a certain UE panel is calculated relative to the power per PUSCH layer associated with the same UE panel. This clarification is important since the PUSCH power per layer will depend on the total number of PUSCH layers scheduled from that UE panel (assuming Rel-15 power scaling). 
To illustrate this, we will give one example for a power class 3 UE (maximum 23 dBm output power) with 8 Tx configured with Rel-15 power scaling, and where the UE consist of 2 panels, and where each PA supports maximum 14 dBm output power, as illustrated in Figure 4. 
Assume that the UE is scheduled with a PUSCH transmission with 1+2 layers (i.e. layer1 for UE panel 1 and layer2 and layer3 for UE panel2) and that the output power P from the UL power control loop is equal to 23 dBm. Since the Rel-15 power scaling says that the power should be split equally over the antenna ports associated with the PUSCH transmission, the 23 dBm output power will be split equally between UE panel 1 and UE panel 2, which mean that layer1 will be transmitted with 20 dBm output power, and layer2 and layer3 will be transmitted with 17 dBm output power. If we assume that the number of PTRS ports is equal to 2, one per UE panel, and that the two layers transmitted from UE panel 2 are transmitted over all 4 Tx chains from the UE panel, it is possible to boost the PTRS port power with 6 dB relative the 2 layers of that UE panel, which would be the case if we use Alt.2. On the other side, if use Alt.1, then there will be a cap of log10(3), which means that we cannot attain the maximum possible PTRS output power boost relative the layers of that UE panel of 6 dB. Hence Alt.1 will reduce the potential of the PTRS power boost. Hence we propose to support Alt.2 with the clarification that the power boost is compared to the layers associated with the same UE panel as the PTRS port is transmitted from.
. 
[image: ]
[bookmark: _Ref142570248]Figure 4	Example of power class 3 UE with 8 Tx and two UE panels, and with default PA implementation according to 3GPP (maximum 14dBm per PA)

[bookmark: _Toc142669782]Support Alt.2 for the agreement on PT-RS power boosting for partial coherent TPMI when ptrs-power configures 00.

 


Conclusion
In the previous sections we made the following observations: 
Observation 1	Antenna ports combinations for PUSCH can be more flexible than PDSCH tables as the impact on UE implementation complexity is much smaller.


Based on the discussion in the previous sections we propose the following:
 
Proposal 1	Include large number of 1-layer and 2-layer antenna port combinations to increase the multi-user scheduling flexibility.
Proposal 2	Include antenna ports combinations that are compatible with legacy ports to facilitate co-scheduling legacy UEs with Rel-18 UEs.
Proposal 3	Include antenna ports combinations using as few CDM groups as possible for higher ranks.
Proposal 4	Support antenna ports indication tables for PUSCH DMRS eType1 with maxLength = 2 rank 1-4 (Table 1-4), maxLength = 1 rank 5-8 (Table 5-8) and maxLength = 2 rank 5-8 (Table 9-12) in section 2.1.1, 2.1.2 and 2.1.3 correspondingly.
Proposal 5	Confirm the working assumption for 1CW eType1 DMRS maxLength = 2 table from RAN1#113 meeting.
Proposal 6	Support either Alt.7-1 or Alt.7-2 in the agreement for 2 CW eType1 DMRS maxLength = 2 table from RAN1#113 meeting.
Proposal 7	For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group --- UE does not expect such MU-MIMO within a CDM group.
Proposal 8	Support Alt.2 for the agreement on PT-RS power boosting for partial coherent TPMI when ptrs-power configures 00.
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