3GPP TSG RAN WG1 #112		  R1-2300206
[bookmark: _GoBack]Athens, Greece, February 27th – March 3rd, 2023
Agenda Item:     9.1.3.1
Source:	Spreadtrum Communications
Title:	Discussion on increased number of orthogonal DMRS ports
Document for:	Discussion and decision

Introduction
[bookmark: _Ref494215420]In RAN1#111 meeting, RAN1 had an extensive discussion on increasing the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel-15 for CP-OFDM. During the meeting, some important agreements have been achieved [1].
In this contribution, we provide our view on the detailed design issues of Rel-18 DMRS ports.

Discussion
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, Table 7.3.1.2.2-1-X has been support. The corresponding agreement can be found below,
	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
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	





In Table 7.3.1.2.2-1-X, there are several rows that are marked with brackets. For the blue highlighted rows, the number of CDM groups without data is 1. We think they are need because R18 DMRS is also beneficial for SU-MIMO scheduling. Besides, MU-MIMO within the same CDM group can also be supported. For the yellow highlighted rows, we think the benefit is not clear since up to 4 DMRS ports can come from the same CDM group. We are ok to either remove or keep them. However, considering that removing them doesn’t help to reduce the indication overhead, we slightly prefer to keep them. For two codewords, we support all the port combinations to enable SU-MIMO scheduling with rank 5-8 with one DMRS symbol.
Proposal 1: In Table 7.3.1.2.2-1-X, support to keep all the port combinations and remove the brackets.

MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports by different CDM groups has been supported with no scheduling restriction. For MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group, we think it is beneficial which can achieve additional scheduling flexibility. 
On the other hand, MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group can be performed by gNB implementation. For example, if a UE is scheduled with Rel.15 DMRS using FD-OCC [+1 +1], another UE can be co-scheduled with Rel.18 DMRS using FD-OCC [+1 -1 +1 -1]. The UE using Rel.15 DMRS can assume that the co-scheduled UE is also using Rel.15 DMRS. At the same time, the UE using Rel.18 DMRS can assume that the co-scheduled UE is also using Rel.18 DMRS. 
Observation 1: MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group can be achieved by scheduling restriction at gNB side and does not require additional enhancement for legacy UEs and Rel.18 UEs.
Proposal 2: For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports, it can be supported by gNB implementation without spec impact.

For full-coherent PUSCH with rank 5-8, it has been agreed that only one port PTRS is supported. Regarding to the association between PTRS and DMRS, two alternatives have been listed in the agreement below.
	Agreement
· For full-coherent PUSCH with rank 5-8, UE shall expect only one port PTRS to be configured.
· Down select from the following in RAN1#112:
· 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.

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


· Alt.2: The size of PTRS-DMRS association field is 3bit in DCI format 0_1/0_2, and the following PTRS-DMRS association for UL PTRS port 0 is specified in TS38.212.

Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port

	4
	5th scheduled DMRS port

	5
	6th scheduled DMRS port

	6
	7th scheduled DMRS port

	7
	8th scheduled DMRS port





According to the agreement, Alt1 requires implicit way to determine up to 4 candidate DMRS ports, and the size of PTRS-DMRS association field doesn’t need to be extended. An example is described in FFS part: the candidate DMRS ports are associated with the CW with the higher MCS. While for Alt2, the size of PTRS-DMRS association field is 3bit, which is simpler and more straightforward. In our opinion, Alt1 needs to solve the issue on how to determine the candidate DMRS ports when the MCS of the 2 CWs are the same. Any default rule without considering the channel of each DMRS port (such as choosing the DMRS ports associated with the first CW) may cause performance loss. Therefore, we prefer Alt2.
Proposal 3: For PTRS-DMRS association for full-coherent PUSCH with rank 5-8, Support Alt2: The size of PTRS-DMRS association field is 3bit in DCI format 0_1/0_2.

Regarding the maximum number of PTRS ports for up to 8 PUSCH layers, RAN1 has discussed during several meetings without consensus. In our views, 4 non-coherent antennas can be configured with 2 PTRS ports since Rel.15, we think 4 non-coherent antenna groups (each group contains 2 antennas) should also be able to share 2 PTRS ports. Another concern on supporting 4 PTRS ports is that the PTRS overhead will be doubled. Therefore, we support up to 2 PTRS port.
Proposal 4: For 8Tx PUSCH, support up to 2 ports PTRS for CP-OFDM.


Another issue is on the PTRS power boosting. In Rel.15, the factor related to PUSCH to PT-RS power ratio per layer per RE () has been defined in Table 6.2.3.1-3 of TS 38.214 [2]. According to the table, different values can be selected based on the higher layer parameter ptrs-Power, the number of PUSCH layers and the transmission scheme including coherent type for codebook based transmission.
	
Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
[bookmark: MCCQCTEMPBM_00000115]UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved








In Rel.18, since the maximum number of PUSCH layers has been extended from 4 to 8, it is desired to define the values offor more than 4 PUSCH layers. First of all, when the higher layer parameter ptrs-Power is ‘01’, the value of = 10log10(). 


Proposal 5: For PTRS power boosting for 8Tx, when the higher layer parameter ptrs-Power is ‘01’, = 10log10(). 





When the higher layer parameter ptrs-Power is ‘00’, it is also straightforward to define the value of for full coherent case (= 10log10()) and non-coherent/non-codebook based cases (= 3N-3, where N is the number of scheduled PTRS ports). For partial coherent case, the assumption of port coherency scheme needs to be considered to determine the value of . In AI 9.1.4.2, it has been agreed that two or four coherent groups are assumed for 8 Tx partial coherent UE. The assumption can be reused in this AI.
	Agreement in RAN1#110b
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded


For 8 Tx partial coherent case, each PTRS port is shared by up to 4 DMRS ports which are transmitted by one 4 Tx coherent group or two 2 Tx coherent groups. Therefore, for each PTRS port, it is possible to reuse the current table by applying the number of associated DMRS ports to the number of PUSCH layers. Where Qp is fixed to 1.


For example, assume that the higher layer parameter ptrs-Power is ‘00’, the number of PUSCH layers is 6, and each PTRS port is shared by 3 DMRS ports. If UE is equipped with two 4 Tx coherent groups, according to the table, 4.77 will be selected, and the value of is 3N-3+4.77, where N is the number of scheduled PTRS ports. Alternatively, if UE is equipped with four 2 Tx coherent groups, 3Qp-3 = 0 will be selected, and the value of can be 3N-3.
Proposal 6: For PTRS power boosting for 8Tx, when the higher layer parameter ptrs-Power is ‘00’,
· 

For full coherent case, = 10log10()
· 
For non-coherent/non-codebook based cases, = 3N-3, where N is the number of scheduled PTRS ports
· 
For partial coherent case, Table 6.2.3.1-3 of TS 38.214 can be reused for the determination of. 

Conclusion
In this contribution, we gave our views on the detailed design of Rel-18 DMRS ports. The following proposals and observation are achieved:
Proposal 1: In Table 7.3.1.2.2-1-X, support to keep all the port combinations and remove the brackets.
Observation 1: MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within a CDM group can be achieved by scheduling restriction at gNB side and does not require additional enhancement for legacy UEs and Rel.18 UEs.
Proposal 2: For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports, it can be supported by gNB implementation without spec impact.
Proposal 3: For PTRS-DMRS association for full-coherent PUSCH with rank 5-8, Support Alt2: The size of PTRS-DMRS association field is 3bit in DCI format 0_1/0_2.
Proposal 4: For 8Tx PUSCH, support up to 2 ports PTRS for CP-OFDM.


Proposal 5: For PTRS power boosting for 8Tx, when the higher layer parameter ptrs-Power is ‘01’, = 10log10(). 
Proposal 6: For PTRS power boosting for 8Tx, when the higher layer parameter ptrs-Power is ‘00’,
· 

For full coherent case, = 10log10()
· 
For non-coherent/non-codebook based cases, = 3N-3, where N is the number of scheduled PTRS ports
· 
For partial coherent case, Table 6.2.3.1-3 of TS 38.214 can be reused for the determination of. 
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