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Introduction
[bookmark: _Ref494215420]This contribution is revision of R1-1800273.
Some remaining issues of PT-RS in the CRs [1][2] to specification TS 38.211 and TS 38.212 are discussed in this contribution.

Discussion
PT-RS precoding for UL in 211
The problem is the same as that in DMRS presented in our companion contribution [3]. Meanwhile, there are other issues involved.
· Problem 1: Two PT-RS ports

When two PT-RS are transmitted, corresponding to port  and , they are not mapped on the same RE, which means that when multiplied by a precoder, the column vector  would only have one non-zero entry. However, the current wording shown as follows [1] suggest that two non-zero entries could be present, which is not true.


· Problem 2: Precoding information for DFT-s-OFDM
The precoding is only specified for CP-OFDM, not for DFT-s-OFDM. Though it is less desired to complicate this precoding matter, but if it is required to capture precoding information in 211, DFT-s-OFDM should not be treated differently.
Despite the above corrections based on the current specification writing, we still prefer to capture the precoding (if needed) after the resource mapping, just the same as UL DMRS. Since PT-RS is on the same antenna port as DMRS, physical resource mapping can also be carried out onto DMRS port domain, and the precoding converts the DMRS port domain to SRS ports domain, so that the maximum commonality between DL and UL is preserved.
Proposal 1: Capture the precoding (if needed) after the physical resource mapping in TS 38.211.

DCI bits for UL PT-RS ports indication in 212
For codebook based UL, up to 2 bits in DCI format 0_1 is used to indicate the DMRS port(s) that is/are associated with the PT-RS port(s). How many bits there are in the DCI needs more agreements, as we agree in the first step in RAN1 AH 1801 [4] that
	Agreement:
[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.



To put it forward, we list all the possible combinations of number of SRS ports, maximum ranks supported, and number of PT-RS ports, and see how many bits are needed for the PT-RS port indication, and how to interpret those bits.
[bookmark: _Ref503213450]Table 1 DCI field for PTRS-DMRS association for UL codebook based transmission
	Number of SRS ports
	UL-PTRS-ports
	

	Number of bits for PTRS-DMRS association
	Usage of DCI bits

	1
	1
	1
	0
	The PT-RS port is associated with the only DMRS port.

	2
	1
	1
	0
	The PT-RS port is associated with the only DMRS port.

	
	
	2
	1
	
If TRI=1, same as .
If TRI=2
· 0 for the PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port

	
	2
	1
	0
	One PT-RS port is transmitted and is associated with the only DMRS port.

	
	
	2
	0
	
If TRI=1, same as .
If TRI=2,  two PT-RS ports are transmitted and associated with each of the two DMRS ports, respectively.

	4
	1
	1
	0
	The PT-RS port is associated with the only DMRS port.

	
	
	2
	1
	
If TRI=1, same as .
If TRI=2
· 0 for the PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port 

	
	
	3
	2
	
If TRI≤2, LSB is used in the same way as .
If TRI=3
· 00 for the PT-RS associated with the 1st DMRS port
· 01 for the PT-RS associated with the 2nd DMRS port
· 10 for the PT-RS associated with the 3rd DMRS port

	
	
	4
	2
	
If TRI≤3, same as .
If TRI=4
· 00 for the PT-RS associated with the 1st DMRS port
· 01 for the PT-RS associated with the 2nd DMRS port
· 10 for the PT-RS associated with the 3rd DMRS port
· 11 for the PT-RS associated with the 4th DMRS port

	
	2
	1
	0
	One PT-RS port is transmitted, and is associated with the only DMRS port.

	
	
	2
	1
	
If TRI=1, same as .
If TRI=2
· If two DMRS ports both use SRS ports {0,2} or {1,3}, only one PT-RS port is transmitted, and
· 0 for the PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port
· Else two PT-RS ports are transmitted and associated with each of the two DMRS ports, respectively.

	
	
	3
	1
	
If TRI≤2, same as .
If TRI=3, two PT-RS ports are transmitted.
· For the two DMRS ports both use SRS ports {0,2} or {1,3}, 
· 0 for one PT-RS associated with the 1st DMRS port
· 1 for one PT-RS associated with the 2nd DMRS port
· The other PT-RS port is associated with the other DMRS port.

	
	
	4
	2
	
If TRI≤3, LSB is used in the same way as .
If TRI=4, two PT-RS ports are transmitted.
· For the two DMRS ports both use SRS ports {0,2}, MSB is
· 0 for one PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port
· For the two DMRS ports both use SRS ports {1,3}, LSB is
· 0 for the other PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port.



The analysis is provided as follows:
· When 1 PT-RS port is configured by higher layers, the number of bits is calculated via 
· When 2 PT-RS ports are configured by higher layers, 
· When there are two SRS ports, there is no need to indicate, each PT-RS port is associated with one SRS port, and two SRS ports are used for non-coherent transmission up to 2 layers.
· When there are four SRS ports, port 0 and port 2 share one PT-RS, and port 1 and port 3 share the other PT-RS.
· If , no bit is needed. The PT-RS ports is associated with the only DMRS port that uses either SRS port 0 and/or port 2, or SRS port 1 and/or port 3.
· If , 1 bit is needed. The bit is used to indicate one DMRS port if two DMRS ports are both transmitted via SRS ports {0, 2} or {1,3}.
· If , 1 bit is needed. The bit is used to indicate one DMRS port of two DMRS ports if the two DMRS ports from either two or three total scheduled ports are both transmitted via SRS ports {0,2} or {1,3}.
· If , 2 bits are needed.
Proposal 2: Specify in 38.212 that the PTRS-DMRS association is 0 bits also for non-codebook based UL transmission, i.e., 
	-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if UL-PTRS-present=OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled, or if ulTxConfig = NonCodeBook;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the DMRS ports are indicated by the Antenna ports field.



[bookmark: _GoBack]Proposal 3: For the number of bits for the field of PTRS-DMRS association in DCI format 0_1 for codebook based UL, capture Table 1 in TS 38.212.

Conclusion
In this contribution, we have discussed the PT-RS description in TS 38.211, with respect to precoding and resource mapping. In additional, PTRS-DMRS association bits in the DCI for codebook based UL transmission is also analyzed. Based on the discussion, we have the following proposals.
Proposal 1: Capture the precoding (if needed) after the physical resource mapping in TS 38.211.
Proposal 2: Specify in 38.212 that the PTRS-DMRS association is 0 bits also for non-codebook based UL transmission, i.e., 
	-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if UL-PTRS-present=OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled, or if ulTxConfig = NonCodeBook;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the DMRS ports are indicated by the Antenna ports field.



Proposal 3: For the number of bits for the field of PTRS-DMRS association in DCI format 0_1 for codebook based UL, capture Table 1 in TS 38.212.
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