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Introduction
In RAN#79 meeting, the updated NR specifications after RAN1#92 meeting were endorsed. It was also agreed that RAN1 shall continue to focus on stabilizing the current specifications in RAN1#92bis and RAN1#93 meetings because there are still some remaining issues to be solved. We provide our proposals on PT-RS in this contribution.
Discussion
 PT-RS to DMRS port association 
In RAN1 Ad-hoc1801 and 92 meeting, there were following agreements on PT-RS to DMRS port association.
Agreement#1:
· [bookmark: _Ref504133339]The bitwidth of IE in DCI for indicating PT-RS to DMRS port association for UL in CP-OFDM is 0,1 or 2 bits, taking into account the number of SRS ports, maximum ranks supported, and number of PT-RS ports.
Agreement#2:
· For non-codebook based UL transmission, the association between PTRS port(s) and DMRS port(s) are indicated explicitly in the DCI format 0_1.
· At least for 1 PTRS port case, reuse the table 7.3.1.1.2-25 and 7.3.1.1-26 defined in 38.212 (up to editor how to capture this)
However, based on current 38.212, two bits are always reserved in DCI for PT-RS to DMRS port association in the case of CP-OFDM regardless of the maximum ranks, SRS ports. It is not aligned with the agreement#1. 
In addition, for non-codebook based UL transmission, the PT-RS to DMRS port association for two PTRS port case should be finalized in this meeting. 
Here, we provide our proposals and TPs on the remaining issues of PT-RS to DMRS port association for CP-OFDM. 
Proposal1: When UL-PTRS-present=ON and PUSCH-tp=Disabled, the bit-width of IE in DCI for indicating PT-RS to DMRS port association is
· For UL codebook based transmission
· 0 bit if ULmaxRank = 1 
· 1 bit if ULmaxRank = 2 
· The PT-RS to DMRS port association is based Table 1 if the actual number of UL PT-RS port(s) is 1
· 2 bits if ULmaxRank >2 only for 4 antenna ports as described in table 2
· The PT-RS to DMRS port association is based Table 2 if the actual number of UL PT-RS port(s) is 1
· [bookmark: _GoBack]The PT-RS to DMRS port association is based Table 3 if the actual number of UL PT-RS port(s) is 2
· For UL non-codebook based transmission, 
· 
0 bit if if = 1, 
· 
1 bit if = 2
· The PT-RS to DMRS port association is based Table 1 if the actual number of UL PT-RS port(s) is 1
· 

2 bits if > 2 and 
· The PT-RS to DMRS port association is based Table 2 if the actual number of UL PT-RS port(s) is 1
· The PT-RS to DMRS port association is based Table 4 if the actual number of UL PT-RS port(s) is 2

Table 1: 1 bit PTRS-DMRS association for 1 PTRS port 
	Value
	DMRS port

	0
	The 1st scheduled DMRS port

	1
	The 2nd scheduled DMRS port



Table 2: 2 bits PTRS-DMRS association for 1 PTRS port 
	Value
	DMRS port

	0
	The 1st scheduled DMRS port

	1
	The 2nd scheduled DMRS port

	2
	The 3rd scheduled DMRS port

	3
	The 4th scheduled DMRS port



Table 3: 2 bits PTRS-DMRS association for 2 PTRS ports for codebook based transmission
	Value of MSB
	DMRS port associated with PTRS port 0
	
	Value of LSB
	DMRS port associated with PTRS port 1

	0
	1st DMRS port transmitting layers corresponding to SRS port 0 and/or 2
	
	0
	1st DMRS port transmitting layers corresponding to SRS port 1 and/or 3

	1
	2nd DMRS port transmitting layers corresponding to SRS port 0 and/or 2
	
	1
	2nd DMRS port transmitting layers corresponding to SRS port 1 and/or 3



Table 4: 2 bits PTRS-DMRS association for 2 PTRS ports for non-codebook based transmission
	Value of MSB
	DMRS port associated with PTRS port 0
	
	Value of LSB
	DMRS port associated with PTRS port 1

	0
	1st DMRS port transmitting layers sharing PTRS port 0
	
	0
	1st DMRS port transmitting layers sharing PTRS port 1

	1
	2nd DMRS port transmitting layers sharing PTRS port 0
	
	1
	2nd DMRS port transmitting layers sharing PTRS port 1




 Value ranges for PT-RS density tables
In RAN1 #AH1801 meeting, there were following agreements:
Agreements:
· Value range for Scheduled BW thresholds (for frequency density for CP-OFDM and sample density for DFTS-OFDM) is between minimum value of 1 and maximum value of 276
· FFS: Compression method for reducing the RRC overhead
· Note: the above agreement should be part of LS to RAN2
We can find in Table 6.2.3-2 of 38.214 Section 6.2.3 that only one or two scheduled BW thresholds need to be configured by using RRC parameter, this will not cause large RRC overhead. Considering the possible performance loss caused by using RRC overhead reduction and the little bit saving, we make the following proposal:
Proposal2: Signaling of BW thresholds do not need to be compressed.
PTRS Density in case of UCI on PUSCH without UL-SCH
In RAN1AH1801 meeting, there were following agreements on PTRS:
 Agreements#1:
· Make decision on the following issue in RAN1#92:
· For UCI on PUSCH without UL-SCH, the PT-RS time domain density for CP-OFDM
However, there is no conclusion in RAN1#92 meeting because of limited time. Since UCI usually uses lower MCS, the PT-RS time domain density for CP-OFDM can be predefined to one of {0, 2, 4} when there is no UL-SCH on PUSCH. 
Proposal3: For UCI on PUSCH without UL-SCH, the PT-RS time domain density for CP-OFDM is fixed to 2.
[bookmark: OLE_LINK7]DL PT-RS power boosting
As described in 38.214 section 5.1.6.3，If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is shared among the two DM-RS port groups. In this case, the power boosting can be done between different DMRS groups. So we propose to add one more row in Table 4.1-2 of TS 38.214 for DL PTRS power boosting between two DMRS groups.
Proposal4: Add one more row in Table 4.1-2 of TS 38.214 for DL PTRS power boosting between two DMRS groups.
TP1:The text in {38.214, section 4.1}
	
Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i () 
	PDSCH-to-PT-RS EPRE ratio for PT-RS port i
	
The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port i, ()

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	Reserved

	3
	Reserved



	PDSCH-to-PT-RS EPRE ratio for PT-RS port i
	
The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port  i, ()

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	
	
The number of PDSCH layers corresponding to the DMRS ports sharing the PT-RS port  i, ()

	2
	0
	3
	4.77
	6
	7
	7.78

	3
	Reserved






UL PT-RS power boosting for non-codebook based UL


[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK13][bookmark: OLE_LINK12]As described in 38.214 Section 6.2.3，for non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s).  If PT-RS port index associated with different SRIs is the same, the corresponding UL DM-RS ports are associated to one UL PT-RS port. When the UE is scheduled with NPTRS  PT-RS ports in uplink and the PTRS port i is shared among  layers, if the UE is configured with higher layer parameter UL-PTRS-power, the PUSCH to PT-RS power ratio per layer per RE  for PTRS port i is given by 。
Proposal5: UL PT-RS power boosting  for non-codebook-based transmission should be added in TS 38.214.
TP2:The text in {38.214, section 6.2.3.1}
	
For non-codebook based transmission, if the UE is configured with higher layer parameter UL-PTRS-power, the PUSCH to PT-RS power ratio per layer per RE  for PTRS port i is given by 。

Table 6.2.3-6: Factor related to shared PUSCH to PTRS power ratio per layer per RE 
	
UL-PTRS-power / 
	
The number of shared PUSCH layers ( ) 

	
	1
	2
	3
	4

	00
	0
	3
	4.77
	6

	01
	0
	0
	0
	0

	10
	reserved

	11
	






 Physical resources mapping
In 38.211 section 7.4.1.2.2, there are some typos in table 7.4.1.2.2-1, so we make the following TP:
TP3:The text in {38.211, section 7.4.1.2.2}
	Table 7.4.1.2.2-1: The parameter [image: ] .
	DM-RS antenna port


	[image: ]

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

	
	ULDL-PTRS-RE-offset 
	ULDL-PTRS-RE-offset 

	
	00
	01
	10
	11
	00
	01
	10
	11

	1000
	0
	2
	6
	8
	0
	1
	6
	7

	1001
	2
	4
	8
	10
	1
	6
	7
	0

	1002
	1
	3
	7
	9
	2
	3
	8
	9

	1003
	3
	5
	9
	11
	3
	8
	9
	2

	1004
	-
	-
	-
	-
	4
	5
	10
	11

	1005
	-
	-
	-
	-
	5
	10
	11
	4






Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide several proposals and TPs on PT-RS related issues to the current NR specifications.
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