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Introduction
[bookmark: _Ref494215420]This contribution discusses some descriptions captured in the specification with respect to PT-RS that is still controversial and provides the text proposals based on 38.211 v15.0.0 and 38.212 v15.0.0.

Discussion
PT-RS time domain mapping
In RAN1#90b, the following agreement related to PT-RS mapping in time domain was reached [1][2].
	· For CP-OFDM and DFT-s-OFDM, when PTRS is present, the PTRS mapping pattern starts at the first symbol containing PDSCH/PUSCH in the slot and then maps to every L_{PT-RS} symbol
· The PTRS mapping pattern is restarted at each symbol containing DMRS and then mapped to every L_{PT-RS}:th symbol relative to this symbol.
· In case of two adjacent DMRS symbols, the PTRS pattern is restarted using the second of the two DRMS symbols as a reference. 
· Consequently, when PTRS time density is lower than 1, the symbol right after front-loaded DMRS and the symbol right after additional DMRS (if exists) does not contain PTRS
· The PT-RS according to the mapping pattern is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS 
· The PT-RS according to the mapping pattern is not transmitted in RE that overlaps with a configured CORESET 



While in current specification, the following description does not well reflect the agreed pattern for PT-RS in the time domain. Take the following text in clause 7.4.1.2.2 [3] for example, we have two cases where the description does not match the desired pattern.
	
The set of time indices  defined relative to the start of the PDSCH allocation is defined by


1.	set  and 

2.	if  overlaps with a symbol used for DM-RS according to clause 7.4.1.1.2

-	set 

-	set  to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions

3.	add  to the set of time indices for PT-RS

4.	increment  by one

5.	repeat from step 2 above as long as  is inside the PDSCH allocation



· Case 1: Only single-symbol front-loaded DMRS on 4th symbol with 14 symbol PDSCH resource allocation, and . Since  will not overlap with any DMRS symbol, the reset procedure described in step-2 is never triggered, while in reality, the pattern after DMRS should have been reset.
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· 
Case 2: 1+1+1 DMRS with the 1st DMRS on the 3rd symbol with 14 symbol PDSCH resource allocation, and . The problem is that since 2nd DMRS and 3rd DMRS are separated by 4 symbols, which happens to be equal to , and the symbol index  is not always a candidate after the position reset.
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To fix the problem, we have the following proposal related to the PT-RS time domain mapping.
Proposal 1: Change the PT-RS mapping in the time domain in clause 7.4.1.2.2 of TS 38.211, and apply the similar approach to clauses 6.4.1.2.2.1 and 6.4.1.2.2.2: 
	
The set of time indices  defined relative to the start of the PDSCH allocation is defined by

1.	set 

2.	if  overlaps with a symbol used for DM-RS according to clause 7.4.1.1.2


-	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions

-	if  is not beyond the last symbol of the PDSCH allocation go to step 2, otherwise finish


3.	if  is not beyond the last symbol of the PDSCH allocation, add  to the set of time indices for PT-RS, otherwise finish


4.	if symbols from  to  overlap with a symbol used for DMRS according to clause 7.4.1.1.2


 -	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
-	go to step 2
else


-	set  to 
-	go to step 3



Sequence for DFT-s-OFDM
In current 38.211, the sequence for DFT-s-OFDM is unclear. We propose to rewrite it.
Proposal 2: Rewrite the sequence of PT-RS for DFT-s-OFDM in clause 6.4.1.2.1.2 of TS 38.211.


DCI bits for UL PT-RS ports indication
In the current TS 38.212, there is a field “PTRS-DMRS association” in UL general DCI format, with the following description.
	-	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;
-	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.



First of all, such a bit field only exists in the codebook based UL, according to the agreement in RAN1#90b [1][2].
	· For UL codebook-based transmission, when one PTRS port is configured, support gNB to indicate to UE in the UL grant which DMRS port is associated with the PTRS port



Second, for indication when it is necessary, it is agreed that up to 2 DCI bits are used.
	Agreement:
· For non-codebook based UL transmission, the UL PTRS port index is associated to each SRS resource.
· For partial-coherent and non-coherent codebook based UL transmission, if the higher -layer parameter UL-PTRS-ports is 2, the actual UL PTRS port(s) and the associated transmission layer(s) are derived from indicated TPMI with the following rule:
· SRS port 0 and 2 in indicated TPMI share PTRS port 0,
· SRS port 1 and 3 in indicated TPMI share PTRS port 1.
· UL PTRS port 0 is associated with the UL layer x of layers which are transmitted with SRS port 0 and SRS port 2 in indicated TPMI;
· UL PTRS port 1 is associated with the UL layer y of layers which are transmitted with SRS port 1 and SRS port 3 in indicated TPMI;
· Up to 2-bit indicator is used in uplink grant where bit 1 is used for x and bit 2 is used for y



However, how many bits there are in the DCI needs more agreements. For example, when there are two SRS ports and higher layer configures one PT-RS port, only 1 bit is sufficient. When the rank is restricted to only 1, including DFT-s-OFDM, no bit is needed, since the PT-RS has only one DMRS port to associate.
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, same 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, same 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 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.

Text Proposals
TP for 38.211
/************************ Start of Text Proposal **************************/
[bookmark: _Toc500952689]6.4.1.2.1.2	Sequence generation if transform precoding is enabled

If transform precoding is enabled, the phase-tracking reference signal  shall be generated according to


[bookmark: _GoBack].
/************************ Unchanged parts omitted**************************/

[bookmark: _Toc500952691]6.4.1.2.2.1	Mapping 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 phase-tracking reference signals being used.
The PUSCH PT-RS shall be mapped to physical resources 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  
Resource elements declared as ‘reserved’ according to clause 4.4.3 shall be counted in the mapping process but not used for transmission.

The quantity  is an amplitude scaling factor to conform with the transmit power specified in [6, TS 38.214].
The set of time indices [image: ] defined relative to the start of the PUSCH allocation is defined by

1.	set 

2.	if  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2


-	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions

-	if  is not beyond the last symbol of the PUSCH allocation go to step 2, otherwise finish


3.	if  is not beyond the last symbol of the PUSCH allocation, add  to the set of time indices for PT-RS, otherwise finish


4.	if symbols from  to  overlap with a symbol used for DMRS according to clause 6.4.1.1.2


 -	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
-	go to step 2
else


-	set  to 
-	go to step 3
1.   set  and 
2.   if  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2

-     set 
-     set [image: ] to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
3.   add  to the set of time indices for PT-RS
4.   increment [image: ] by one
5.   repeat from step 2 above as long as [image: ] is inside the PUSCH allocation
where [image: ].
/************************ Unchanged parts omitted**************************/

[bookmark: _Toc500952692]6.4.1.2.2.2	Mapping 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 phase-tracking reference signals being used.




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


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


[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 and  is defined in clause 6.3.1.6
The set of time indices [image: ] for which PT-RS shall be transmitted is defined relative to the start of the PUSCH allocation and is defined by

1.	set 

2.	if  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2


-	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions

-	if  is not beyond the last symbol of the PUSCH allocation go to step 2, otherwise finish


3.	if  is not beyond the last symbol of the PUSCH allocation, add  to the set of time indices for PT-RS, otherwise finish


4.	if symbols from  to  overlap with a symbol used for DMRS according to clause 6.4.1.1.2


 -	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
-	go to step 2
else


-	set  to 
-	go to step 3
1.   set [image: ] and [image: ]
2.   if [image: ] overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2

-     set 
-     set [image: ] to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
3.   add [image: ] to the set of time indices for PT-RS
4.   increment [image: ] by one
5.   repeat from step 2 above as long as [image: ] is inside the PUSCH allocation
where   is given by the higher-layer parameter UL-PTRS-time-density-transform-precoding.
/************************ Unchanged parts omitted**************************/

[bookmark: _Toc500952738]7.4.1.2.2	Mapping to physical resources
The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
If present, the UE shall assume the PDSCH PT-RS being mapped to physical resources according to


[bookmark: _Hlk500883235]when all the following conditions are fulfilled

-	 is within the OFDM symbols allocated for the PDSCH transmission

-	resource element  is not used for DM-RS, CSI-RS, or by a configured CORESET

The set of time indices  defined relative to the start of the PDSCH allocation is defined by

1.	set 

2.	if  overlaps with a symbol used for DM-RS according to clause 7.4.1.1.2


-	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions

-	if  is not beyond the last symbol of the PDSCH allocation go to step 2, otherwise finish


3.	if  is not beyond the last symbol of the PDSCH allocation, add  to the set of time indices for PT-RS, otherwise finish


4.	if symbols from  to  overlap with a symbol used for DMRS according to clause 7.4.1.1.2


 -	set , where  is the index of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
-	go to step 2
else


-	set  to 
-	go to step 3


1.	set  and 

2.	if  overlaps with a symbol used for DM-RS according to clause 7.4.1.1.2

-	set 

-	set  to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions

3.	add  to the set of time indices for PT-RS

4.	increment  by one

5.	repeat from step 2 above as long as  is inside the PDSCH allocation

where .


For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to  from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource blocks are numbered in increasing order starting from the lowest frequency from 0 to . The subcarriers to which the UE shall assume the PT-RS is mapped are given by



/************************ Unchanged parts omitted**************************/

/************************ End of Text Proposal **************************/
TP for 38.212
/************************ Start of Text Proposal **************************/
[bookmark: _Toc500953346]7.3.1.1.2	Format 0_1
/************************ Unchanged parts omitted**************************/
-	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 the higher layer parameter ulTxConfig = NonCodeBook;
/************************ Unchanged parts omitted**************************/

/************************ End of Text Proposal **************************/
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