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1. Introduction
At the RAN1 meeting AH 1801, we have reached the following agreements concerning PT-RS discussion [1]:
	Agreement:
Value range for MCS thresholds (for time density) are 0-28 for MCS table 1 and 0-27 for MCS table 2
· The above applies for CP-OFDM only
Note: the above agreement should be part of LS to RAN2
Note: Above agreement has been revised below
Agreement:
Revise the above agreement to: Value range for MCS thresholds (for time density) are 0-29 for MCS table 1 and 0-28 for MCS table 2
Note: The above agreement should be part of LS to RAN2
Agreement:
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
Agreement:
The RRC parameter epre-RATIO is assigned per PT-RS port for downlink
Note: the above agreement should be part of LS to RAN2
Agreement:
Revise the first row of Table 6.4.1.2.2.2-1 in TS 38.211 as follows
	
Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	

 where 




Agreement:
Revise the row of Table 6.4.1.2.2.2-1 in TS 38.211 as follows
	4
	2
	

  


  where 




Agreement:

Remove PTRS multiplication by factor in clause 6.4.1.2.2.2 in 38.211
Note: It is up to the editor to check and remove/keep  in other parts of the specification 
Agreement:
In the PT-RS symbol mapping for DFT-s-OFDM, K=1,X=16 is not supported in NR Release 15.
Agreement:
Agree to the following text proposal in Table 4.1-2 of TS 38.214:
Change the header “The number of PDSCH layers within the DMRS group associated with the PT-RS” to “The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port”.
Agreement:
For PTRS for CP-OFDM in both DL and UL, ptrs-MCS4 equals 29 for MCS table 1 and 28 for MCS table 2. Remove ptrs-MCS4 in related RRC parameters
Include in LS to RAN2
Agreement:
For DFT-s-OFDM, if PT-RS is enabled by UL-PTRS-present-transform-precoding, then the UE also expect configuration of the parameters (UL-PTRS-pre-DFT-density). Hence, there is no default sample density table for DFT-s-OFDM as in the CP-OFDM case.
Agreement:
The text in 7.4.1.2.2 of 38.211 is changed as below. Note: the text in 6.4.1.2.2.1 of 38.211 should also be changed in the same manner.

The set of time indices [image: ] defined relative to the start of the PDSCH allocation is defined by
1. 

   set  and 


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

-     set 
-     set [image: ] to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
-    repeat from step 2 above as long as [image: ] is inside the PDSCH allocation.

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 PDSCH allocation

where .
Agreement:
Remove the sentence “Resource elements declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not used for transmission.” in Section 6.4.1.2.2.1
Agreement:
Agree to the following text proposal for Section 7.4.1.2.2

If present, the UE shall assume the PDSCH PT-RS being mapped to resource elements  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, SS/PBCH or by a configured CORESET
Agreement
Agree to the following text proposal for section 6.4.1.2.1.2 of TS38.211
· If transform precoding is enabled, the phase-tracking reference signal  rm(m’) to be mapped in position m before transform precoding, where m depends on the number of PT-RS groups NgroupPTRS, the number of samples per PT-RS group Nsampgroup, and   MscPUSCH according to Table 6.4.1.2.2.2-1, shall be generated according to

where the pseudo-random sequence c(i)  is defined in clause 5.2.1, and w(i)  is given by Table 6.4.1.2.1.2-1.
· Note: The editor is respectfully asked to crosscheck and harmonize the PUSCH pi/2 BPSK generation in clause 5.1.1 to ensure that pi/2 BPSK property is maintained in transitions between PUSCH and PTRS samples
Agreement:
Agree to the following text proposal for section 6.4.1.2.2.2 of TS38.211
· The set of time indices l defined relative to the start of the PUSCH allocation is defined by
1. set   i=0 and  lref=0
2. if any symbol from  max(lref+(i-1)LPTRS+1, lref) to lref+iLPTRS   overlaps with a symbol used for DM-RS according to clause 6.4.1.1.2
	- set  i=1
	- set lref  to the number of the last DM-RS symbol in a sequence of time-contiguous DM-RS occasions
	- repeat from step 2 above as long as lref+iLPTRS  is inside the PUSCH allocation.
3. add lref+iLPTRS  to the set of time indices for PT-RS
4. increment i  by one
5. repeat from step 2 above as long as lref+iLPTRS  is inside the PUSCH allocation
where LPTRS  is given by the higher-layer parameter UL-PTRS-time-density-transform-precoding.
Agreement
Agree to the following text proposal for section 6.2.3 in TS38.214. The text proposal to update for the non-coherent case, partial coherent case, non-codebook case if needed.

For PT-RS, the transmit power of PTRS is derived from , which is the power ratio between power of PUSCH and power of PTRS per port.

For codebook based coherent uplink transmission, when the UE is scheduled with one PTRS port in uplink and the number of scheduled layers is ,
· 
If the UE is configured with higher layer parameter UL-PTRS-power, the PUSCH to PT-RS power ratio per layer per RE  is given by

 [dB]

Where  is shown in the Table 6.2.3-5 according to the higher layer parameter UL-PTRS-power.
· The UE shall assume UL-PTRS-power is set to state “00” in Table 6.2.3-5 if not configured.
· 
Table 6.2.3-5: Factor related to PUSCH to PTRS power ratio per layer per RE () 
	
UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	00
	0
	3
	4.77
	6

	01
	reserved

	10
	reserved

	11
	reserved


Conclusion
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
Agreement
If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to ‘ON’, if the additional higher layer parameters timeDensity and frequencyDensity are both configured, the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the scheduled MCS of the corresponding CW and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2.
Agreement
If the TCI-PresentinDCI is set as “Disabled”, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET used for the PDCCH transmission that schedules the PDSCH. If the offset is less than a threshold, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET with the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
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 this contribution, we provide our views on the remaining details on the PT-RS design.
2. Views on remaining details for PT-RS.
2.1. UE report for deciding PT-RS density
In the meeting RAN1#90bis, the following is agreed regarding PT-RS density for CP-OFDM.
	If DL-PTRS-present/UL-PTRS-present is enabled, 
· When PTRS is present, one PTRS port is present in every OFDM symbol and every 2nd RB unless DL/UL density tables are configured by RRC
· Note: This can in specification be achieved by specifying ptrsthMCS1 = ptrsthMCS2 = ptrsthMCS3 and ptrsthRB2 = ptrsthRB4 = Inf for these pre-defined values respectively
· PTRS is not present in DL if MCS < ptrsthMCS1DL or BW < ptrsthRB0DL, where default values of ptrsthMCS1DL and ptrsthRB0DL are to be decided at RAN1#90b or RAN1#91 the latest
· PTRS is not present in UL if MCS < ptrsthMCS1UL or BW < ptrsthRB0UL, where default values of ptrsthMCS1UL and ptrsthRB0UL are to be decided at RAN1#90b or RAN1#91 the latest
RRC configuration of thresholds in density tables:
· UE is configured with two sets of thresholds M={ptrsthMCSj,j=1,2,3,4} and R={ptrsthRBn,n=0,2,4}, independently per BWP, using dedicated RRC signaling for UL and DL respectively
UE capability signalling of thresholds
· A UE capability signals a recommended {M,R} for UL and DL respectively
· The recommended {M, R} are expected to the larger than the predefined values


The details of recommended {M, R} for deciding the PT-RS density should be discussed. If UE can recommend {M, R} without any restriction, there is a risk to allow low-performance UE with large phase noise. Hence, we should ask RAN4 to make proper value range for possible reporting values for {M, R}. In addition, test performance for phase noise should be carefully designed in RAN4. For instance, it was agreed that PT-RS is not multiplexed before RRC configuration [1]. In this sense, it is necessary that QPSK can be used without PT-RS. Similarly, for 16QAM, since using high density PT-RS is undesirable in terms of overhead, using 4 symbols time density of PT-RS is desirable. The applicable threshold should be discussed in consideration of the implementation difficulty.

Proposal:
· RAN1 asks RAN4 regarding appropriate value for {M, R}, where the value range for ptrs-MCS1 can be 10-29 for MCS table 1 and 5-28 for MCS table 2 and the ranger for ptrs-MCS2 should be 17-29 for MCS table 1 and 11-28 for MCS table 2.
3. Summary
In this contribution, we have presented our views on remaining details on PT-RS, and then made the following proposals. 
Proposal 1:
· RAN1 asks RAN4 regarding appropriate value for {M, R}, where the value range for ptrs-MCS1 can be 10-29 for MCS table 1 and 5-28 for MCS table 2 and the ranger for ptrs-MCS2 should be 17-29 for MCS table 1 and 11-28 for MCS table 2.
[bookmark: _GoBack]
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