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Introduction
[bookmark: _Ref494215420]Some remaining issues of PT-RS in the current specification TS 38.211 [1] and TS 38.212 [2] are discussed in this contribution.

Discussion
PT-RS precoding for UL in 211
In the current TS 38.211, UL precoding issue has been fixed. We propose to capture the resource mapping and precoding in the same as does to UL DMRS, since the current description may cause mis-interpretations.
Proposal 1: Capture the following TP on the resource mapping and precoding for PT-RS.
/************************ Start of Text Proposal **************************/
[bookmark: _Toc500952687]6.4.1.2.1	Sequence generation
[bookmark: _Toc500952688]6.4.1.2.1.1	Sequence generation and precoding if transform precoding is not enabled

If transform precoding is not enabled, the phase-tracking reference signal for subcarrier  is given by




where  is the demodulation reference signal given by clause 6.4.1.1.3 at subcarrier  and 

-	position  in absence of PUSCH intra-slot frequency hopping, or 


-	position  and 0 in hop , respectively, in presence of PUSCH intra-slot frequency hopping, and the sequence generated for two hops shall be used for all PT-RS in the respective hop. the precoded phase-tracking reference signal for subcarrier  on layer  is given by


where
-	antenna ports  or  associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]

-	the precoding matrix  is given by clause 6.3.1.5.
-	 is given by clause 6.4.1.1.1.1 
-	at the position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping
-	at the position of the first DM-RS symbol in hop  in presence of PUSCH intra-slot frequency hopping 
-	 is defined in clause 6.4.1.1.3.
/************************ Unchanged parts omitted**************************/
[bookmark: _Toc500952690]6.4.1.2.2	Mapping Precoding and mapping to physical resources
[bookmark: _Toc500952691]6.4.1.2.2.1	Precoding and Mmapping to physical resources if transform precoding is not enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.
The PUSCH PT-RS shall be mapped to resource elements according to



when all the following conditions are fulfilled
-	[image: ] is within the OFDM symbols allocated for the PUSCH transmission
-	resource element [image: ] is not used for DM-RS
The quantity  is the DMRS port associated with the PT-RS, provided by procedure in [6, TS 38.214].


The intermediate quantity  shall be precoded, multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213], and mapped to physical resources according to

where 

-	the precoding matrix  is given by clause 6.3.1.5, 

-	the set of antenna ports  is given by clause 6.3.1.5.
/************************ Unchanged parts omitted**************************/
[bookmark: _Toc500952692]6.4.1.2.2.2	Precoding and Mmapping to physical resources if transform precoding is enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.





The sequence  shall be be precoded with , multiplied by , and mapped to  complex valued symbols in  where


-	 are the complex-valued symbols in OFDM symbol  before transform precoding according to Subclause 6.3.1.4




-	 depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1

-	The precoding matrix  is given by clause 6.3.1.5

[bookmark: _Hlk500849158]-	 is the ratio between amplitude of one of the outermost constellation points for the modulation scheme used for PUSCH and one of the outermost constellation points for π/2-BPSK as defined in clause 6.2.3 of [TS 38.214]
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/

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 [3] 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.



In RAN1#92 [4], it was also agreed that for non-codebook based UL, DCI bits are also used to indicate the association between PT-RS and DMRS.
	Agreement:
· 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, the current description in TS 38.212 does not fully cover the cases or well reflect the agreement. Therefore, we propose a revisit to the number of bits in the DCI to indicate the PTRS-DMRS association, and the interpretation thereof.

For codebook based UL, we list all the possible combinations of number of SRS ports, number of PT-RS ports, and the maximum ranks supported, , and give the corresponding number of bits needed for the PTRS-DMRS association.
[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.



For non-codebook based UL, the table is different from codebook based UL, due to the underlying mechanisms
· SRS resources replace SRS ports
· Number of SRS resources could be 3
· Each SRS resource is associated with a PT-RS port
We also list all the combinations of number of SRS resources, number of PT-RS ports, and the maximum ranks supported, and give the number of bits needed for PTRS-DMRS association.
[bookmark: _Ref510432833]Table 2 DCI field for PTRS-DMRS association for UL non-codebook based transmission
	Number of SRS resources
	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.

	3
	1
	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
· 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

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

	
	
	2
	1
	
If TRI=1, same as .
If TRI=2, and if two DMRS ports are transmitted on two SRS resources associated with different PT-RS ports, two PT-RS ports are transmitted and associated with each of the two DMRS ports, respectively.
If TRI=2, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, 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

	
	
	3
	1
	
If TRI≤2, LSB is used in the same way as .
If TRI=3, two PT-RS ports are transmitted, and for the two DMRS ports transmitted on two SRS resources associated with same PT-RS ports, 
· 0 for the PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port 

	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, and if two DMRS ports are transmitted on two SRS resources associated with different PT-RS ports, two PT-RS ports are transmitted and associated with each of the two DMRS ports, respectively.
If TRI=2, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, 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

	
	
	3
	2
	
If TRI≤2, LSB is used in the same way as .
If TRI=3, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, and the other DMRS port is transmitted on an SRS resource associated with the other PT-RS port, two PT-RS ports are transmitted and between the two DMRS ports, LSB is
· 0 for the PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port
If TRI=3, and if three DMRS ports are transmitted on three SRS resources associated with the same PT-RS port, one PT-RS port is transmitted and 
· 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, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, and the other two DMRS ports are transmitted on the other two SRS resources associated with the other PT-RS port, two PT-RS ports are transmitted and MSB/LSB is
· 0 for the PT-RS associated with the 1st DMRS port in the 1st/2nd DMRS port group
· 1 for the PT-RS associated with the 2nd DMRS port in the 1st/2nd DMRS port group
If TRI=4, and if three DMRS ports are transmitted on three SRS resources associated with the same PT-RS port, and the other DMRS port is transmitted on an SRS resource associated with the other PT-RS port, two PT-RS ports are transmitted and among the three DMRS ports, 
· 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



Proposal 2: Capture Table 1 and Table 2 in TS 38.212 for indicating the number of bits for PTRS-DMRS association in DCI format 0_1 for codebook, and non-codebook based UL, respectively.
It is also worth noting that UL-PTRS-ports is configured independently from PT-RS ports associated with each SRS resource for non-codebook based UL. It is possible that UL-PTRS-ports is 2, whilst all SRS resources are configured with the same PT-RS port. However, in such case, it does not make any sense to configure 2 PT-RS ports in the first place. Therefore, we have the following proposal:
Proposal 3: If 2 PT-RS ports are configured, UE does not expect to be configured with an SRS resource set used for non-codebook based UL, in which all SRS resources share a single PT-RS port.
Conclusion
In this contribution, we provided the TP for better capture the PT-RS resource mapping and precoding in TS 38.211. In additional, PTRS-DMRS association bits in the DCI for both codebook based and non-codebook based UL transmission are also analyzed. Based on the discussion, we have the following proposals.
Proposal 1: Capture the following TP on the resource mapping and precoding for PT-RS.
/************************ Start of Text Proposal **************************/
6.4.1.2.1	Sequence generation
6.4.1.2.1.1	Sequence generation and precoding if transform precoding is not enabled

If transform precoding is not enabled, the phase-tracking reference signal for subcarrier  is given by




where  is the demodulation reference signal given by clause 6.4.1.1.3 at subcarrier  and 

-	position  in absence of PUSCH intra-slot frequency hopping, or 


-	position  and 0 in hop , respectively, in presence of PUSCH intra-slot frequency hopping, and the sequence generated for two hops shall be used for all PT-RS in the respective hop. the precoded phase-tracking reference signal for subcarrier  on layer  is given by


where
-	antenna ports  or  associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]

-	the precoding matrix  is given by clause 6.3.1.5.
-	 is given by clause 6.4.1.1.1.1 
-	at the position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping
-	at the position of the first DM-RS symbol in hop  in presence of PUSCH intra-slot frequency hopping 
-	 is defined in clause 6.4.1.1.3.
/************************ Unchanged parts omitted**************************/
6.4.1.2.2	Mapping Precoding and mapping to physical resources
6.4.1.2.2.1	Precoding and Mmapping to physical resources if transform precoding is not enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.
The PUSCH PT-RS shall be mapped to resource elements according to



when all the following conditions are fulfilled
-	[image: ] is within the OFDM symbols allocated for the PUSCH transmission
-	resource element [image: ] is not used for DM-RS
The quantity  is the DMRS port associated with the PT-RS, provided by procedure in [6, TS 38.214].


The intermediate quantity  shall be precoded, multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213], and mapped to physical resources according to

where 

-	the precoding matrix  is given by clause 6.3.1.5, 

-	the set of antenna ports  is given by clause 6.3.1.5.
/************************ Unchanged parts omitted**************************/
6.4.1.2.2.2	Precoding and Mmapping to physical resources if transform precoding is enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.





The sequence  shall be be precoded with , multiplied by , and mapped to  complex valued symbols in  where


-	 are the complex-valued symbols in OFDM symbol  before transform precoding according to Subclause 6.3.1.4




-	 depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1

-	The precoding matrix  is given by clause 6.3.1.5

-	 is the ratio between amplitude of one of the outermost constellation points for the modulation scheme used for PUSCH and one of the outermost constellation points for π/2-BPSK as defined in clause 6.2.3 of [TS 38.214]
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
Proposal 2: Capture Table 1 and Table 2 in TS 38.212 for indicating the number of bits for PTRS-DMRS association in DCI format 0_1 for codebook, and non-codebook based UL, respectively.
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.



Table 2 DCI field for PTRS-DMRS association for UL non-codebook based transmission
	Number of SRS resources
	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.

	3
	1
	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
· 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

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

	
	
	2
	1
	
If TRI=1, same as .
If TRI=2, and if two DMRS ports are transmitted on two SRS resources associated with different PT-RS ports, two PT-RS ports are transmitted and associated with each of the two DMRS ports, respectively.
If TRI=2, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, 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

	
	
	3
	1
	
If TRI≤2, LSB is used in the same way as .
If TRI=3, two PT-RS ports are transmitted, and for the two DMRS ports transmitted on two SRS resources associated with same PT-RS ports, 
· 0 for the PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port 

	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, and if two DMRS ports are transmitted on two SRS resources associated with different PT-RS ports, two PT-RS ports are transmitted and associated with each of the two DMRS ports, respectively.
If TRI=2, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, 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

	
	
	3
	2
	
If TRI≤2, LSB is used in the same way as .
If TRI=3, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, and the other DMRS port is transmitted on an SRS resource associated with the other PT-RS port, two PT-RS ports are transmitted and between the two DMRS ports, LSB is
· 0 for the PT-RS associated with the 1st DMRS port
· 1 for the PT-RS associated with the 2nd DMRS port
If TRI=3, and if three DMRS ports are transmitted on three SRS resources associated with the same PT-RS port, one PT-RS port is transmitted and 
· 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, and if two DMRS ports are transmitted on two SRS resources associated with the same PT-RS port, and the other two DMRS ports are transmitted on the other two SRS resources associated with the other PT-RS port, two PT-RS ports are transmitted and MSB/LSB is
· 0 for the PT-RS associated with the 1st DMRS port in the 1st/2nd DMRS port group
· 1 for the PT-RS associated with the 2nd DMRS port in the 1st/2nd DMRS port group
If TRI=4, and if three DMRS ports are transmitted on three SRS resources associated with the same PT-RS port, and the other DMRS port is transmitted on an SRS resource associated with the other PT-RS port, two PT-RS ports are transmitted and among the three DMRS ports, 
· 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



Proposal 3: If 2 PT-RS ports are configured, UE does not expect to be configured with an SRS resource set used for non-codebook based UL, in which all SRS resources share a single PT-RS port.
[bookmark: _GoBack]
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