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Introduction
[bookmark: _Ref494215420]In RAN1#112bis 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
During the last meeting, for Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, it was agreed to confirm the working assumption on DMRS port combination for 2 CWs with the following modification.
	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.


Based on the agreement, there’s an FFS on the need of additional rows 4~9. Based on the discussion in the last meeting, the reason to add these rows is to allow different CW mapped to different CDM group, which will simplify the UE implementation complexity. In our views, since there is technical justification, and it seems no harm to support the additional rows, we are OK to support it.
Proposal 1: For Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, support rows 4~9.

Regarding the DMRS port combination for PUSCH with rank 5-8, it has been agreed to confirm using separate DMRS ports tables for each rank at least for NCB based PUSCH. While for CB based PUSCH, the working assumption has not been confirmed. For the same reason, the DMRS port tables for CB based PUSCH with rank 5-8 are also agreed as working assumption. 
	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.
Working Assumption
· Adopt Table 7.3.1.1.2-12B/13B/14B/15B/16B/17B/20B/21B/22B/23B to support signalling >4 ranks PUSCH with Rel-15 DMRS ports at least for full or non-coherent UL codebook based PUSCH and non-codebook based PUSCH.
· FFS: Whether/how some of bits in the antenna ports field can be reused for other purpose for >4 ranks PUSCH.
Table 7.3.1.1.2-12B: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-4
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13B: Antenna port(s), transform precoder is disabled, dmrs-Type= 1, maxLength=2, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,4,6
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14B: Antenna port(s), transform precoder is disabled, dmrs-Type= 1, maxLength=2, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15B: Antenna port(s), transform precoder is disabled, dmrs-Type= 1, maxLength=2, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

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

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-16B: Antenna port(s), transform precoder is disabled, dmrs-Type= 2, maxLength=1, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-4

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-17B: Antenna port(s), transform precoder is disabled, dmrs-Type= 2, maxLength=1, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-5

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-20B: Antenna port(s), transform precoder is disabled, dmrs-Type= 2, maxLength=2, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-4
	1

	1
	2
	0,1,2,3,6
	2

	12-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21B: Antenna port(s), transform precoder is disabled, dmrs-Type= 2, maxLength=2, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-5
	1

	1
	2
	0,1,2,3,6,8
	2

	2-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22B: Antenna port(s), transform precoder is disabled, dmrs-Type= 2, maxLength=2, rank=7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8
	2

	1-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23B: Antenna port(s), transform precoder is disabled, dmrs-Type= 2, maxLength=2, rank=8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8,9
	2

	1-31
	Reserved
	Reserved
	Reserved





In our views, separate DMRS ports tables enables unified design for rank = 1-4 and rank = 5-8. That is, the rank is indicated jointly with TPMI as legacy uplink. Therefore, we support to confirm the working assumption on using separate DMRS port tables for CB based PUSCH as well as the working assumption of the detailed design of each table.
Proposal 2: support to confirm the working assumption on using separate DMRS port tables for CB based PUSCH as well as the working assumption of the detailed design of each table.

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 3: For 8Tx PUSCH, support up to 2 ports PTRS for CP-OFDM.

For two PTRS ports for partial/non-coherent PUSCH, there are four alternatives for PTRS-DMRS association field design.
	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





Among these alternatives, Alt1 can be considered as basic design, which is a straightforward extension. For Alt2, it means the two PTRS ports can only be associated with the same CW. However, it doesn’t work if one CW is transmitted by one antenna group and the other CW is transmitted by another antenna group. For Alt3, we think it depends on whether there are enough reserved bits in antenna ports field for each of the ranks using two PTRS ports. What’s more, Alt3 will complicate the design of PTRS-DMRS association indication. For Alt4, with the reduced DCI overhead, only the 1st and 2nd DMRS which shares the same PTRS port can be indicated. Thus, there may be some performance loss for PTRS transmission. In summary, we prefer Alt1 for two PTRS ports case.
Proposal 4: For PTRS-DMRS association for two PTRS ports, support Alt1.


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





During the last meeting, the following agreement has been achieved on the factor related to PUSCH to PTRS power ratio per layer per RE. 
	Agreement
For 8Tx PUSCH, specify the factor related to PUSCH to PTRS power ratio per layer per RE () based on the following principles.
· Principle 1: When the ptrs-Power configures 01, the factor () is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2: When the ptrs-Power configures 00, the factor () is determined as the following
· Principle 2.1: For fully coherent TPMIs, the factor () is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2.2: For non-coherent TPMIs, the factor () is 10log10(Qp), where Qp is the number of PTRS ports scheduled to the UE.
· Principle 2.3: For non-codebook PUSCH, the factor () is 10log10(Qp), where Qp is the number of PTRS ports scheduled to the UE.
· FFS: The factor () for partial coherent TPMIs



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, and the antenna ports within one group are assumed to be full coherent. The assumptions can be reused in this AI. 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 determine the PTRS power considering the number of associated DMRS ports that are precoded by the same antenna group.

For example, assume that the higher layer parameter ptrs-Power is ‘00’, the number of PUSCH layers L equals to 6, and each PTRS port is shared by NDMRS = 3 DMRS ports. If UE is equipped with two 4 Tx coherent groups, the value of is min(10log10(3)+10log10(2), 10log10(6)) = 7.77.
Proposal 5: For partial coherent case when the higher layer parameter ptrs-Power is ‘00’, for each PTRS port, the PTRS power is additionally related to the number of associated DMRS ports, i.e. min(10log10(NDMRS)+10log10(Qp), 10log10(L)). 

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: For Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, support rows 4~9.
Proposal 2: support to confirm the working assumption on using separate DMRS port tables for CB based PUSCH as well as the working assumption of the detailed design of each table.
Proposal 3: For 8Tx PUSCH, support up to 2 ports PTRS for CP-OFDM.
Proposal 4: For PTRS-DMRS association for two PTRS ports, support Alt1.
Proposal 5: For partial coherent case when the higher layer parameter ptrs-Power is ‘00’, for each PTRS port, the PTRS power is additionally related to the number of associated DMRS ports, i.e. min(10log10(NDMRS)+10log10(Qp), 10log10(L)). 
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