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1. Introduction
In RAN1 NR #91 meeting, the following agreements on PT-RS have been achieved: [1]
Agreement:
The UE is not expected to be configured with more PT-RS ports in UL than what the UE has reported need for.

Agreement:
The text in {38.211:6.4.1.2.1.2 Sequence generation if transform precoding is enabled} is modified as 
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>





where  is the lowest OFDM symbol number in the PUSCH allocation in slot  that contains PT-RS according to clause 6.4.1.2.2.2 and is given by the higher-layer parameter nPUSCH-Identity-Transform-precoding. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>

Agreement:
The following text proposal related to PT-RS in 38.211 is agreed
>>>>>>>>>>>> Start text proposal section 6.4.1.2.1.1 >>>>>>>>>>>>



If transform precoding is not enabled, 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 [TS38.214]

-	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 h in presence of PUSCH intra-slot frequency hopping        

where  
>>>>>>>>>>>> End text proposal section 6.4.1.2.1.1 >>>>>>>>>>>>

Agreement:
Correct section 7.4.1.2.2 in 38.211 as follows
>>>>>>>>>>>> Start text proposal section 7.4.1.2.2  >>>>>>>>>>>>


If present, the UE shall assume the PDSCH PT-RS is scaled by a factor  to conform with the transmission power specified in clause 4.1 of [6, TS38.214] and 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 block, a detected PDCCH, or by a configured CORESET declared as 'not available for PDSCH' according to clause 5.1.4.1 of [6, TS 38.214]
>>>>>>>>>>>> End text proposal section 7.4.1.2.2 >>>>>>>>>>>>
Check offline whether NZP CSI-RS should be added or not (yellow part)

Conclusion
On the issue of Head-Tail potential issue for DFT-s-OFDM, keep existing agreement and end this discussion for Rel.15 in RAN1.

Agreement:

In Section 6.4.1.2.2.1 and 7.4.1.2.2 of TS38.211, the parameter in the resource mapping formulas of PTRS is corrected as follows:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>

-	is the C-RNTI associated with the DCI scheduling the transmission.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>

Agreement:
Update 38.214 as follows:
>>>>>>>>>>>> Start text proposal Section 6.2.3.1 >>>>>>>>>>>>
When transform precoding is not enabled and if a UE is configured with the higher layer parameter UL-PTRS-present set to 'ON', 
-	if the additional higher layer parameters UL-PTRS-time-density and UL-PTRS-frequency-density are configured, and the RNTI equals C-RNTI, CS-RNTI or SPS-CSI-RNTI, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3-1 and Table 6.2.3-2, 
- if the higher-layer parameter timeDensity is not configured, the UE may assume LPT-RS = 1.
-if the higher-layer parameter frequencyDensity is not configured, the UE may assume KPT-RS = 2.
-	otherwise, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and the UE may assume that PT-RS is not present when
-	the scheduled MCS is smaller than 0, or
-	the number of scheduled RBs is smaller than 1,
-  the RNTI equals TC-RNTI

Agreement:
Update 38.214 as follows:
>>>>>>>>>>>> Start text proposal Section 6.2.3.2 >>>>>>>>>>>>
[bookmark: _Hlk506384525]When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3-3. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0 > 0 or if the RNTI equals TC-RNTI.
-	and the UE shall be configured PT-RS time density LPTRS ={1,2} with the higher-layer parameter timeDensity. Otherwise, the UE shall assume PT-RS is present with LPTRS = 1.
>>>>>>>>>>>> End text proposal Section 6.2.3.2 >>>>>>>>>>>>

Agreement:
Agree to the following text proposal in section 5.1.6.3 in 38.214
The feature lead updated the TP as follows:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
If the higher layer parameter 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, when the scheduling offset is above the threshold indicated by the UE reported Threshold-Sched-Offset. If the scheduling offset is less or equal than the 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.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>

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)

Agreement:
Introduce the following correction to Sections 6.3.1.3, 6.3.1.4, 6.4.1.2.2 of TS 38.211 
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>

[bookmark: _Toc446967021]< Unchanged parts are omitted >
[bookmark: _Toc500952651]6.3.1.3	Layer mapping





For the single codeword q=0, the complex-valued modulation symbols for each of the codeword to be transmitted shall be mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols  for codeword =0  shall be mapped onto the layers   where  is the number of layers and  is the number of modulation symbols per layer.

[bookmark: _Toc500952652]6.3.1.4	Transform precoding

If transform precoding is not enabled, for each layer .



If transform precoding is enabled, . If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the symbols prior to transform precoding are  and the block of complex-valued symbols   for the single layer  shall be divided into  sets, each corresponding to one OFDM symbol. 
If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-valued symbols  shall be divided into sets, each set corresponding to one OFDM symbol, the l-th set containing  symbols and being mapped to the complex-valued symbols prior to transform precoding  in OFDM symbol l before transform precoding, with  and i’≠m. The index m of PT-RS samples in OFDM symbol l prior to transform precoding, the number of samples per PT-RS group  and the number of PT-RS groups  are defined in clause 6.4.1.2.2.2. The parameter  when the l-th OFDM symbol contains PTRS according to clause 6.4.1.2.2.2 and  otherwise.
Transform precoding shall be applied according to

	

	


resulting in a block of complex-valued symbols .
< Unchanged parts are omitted >
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 that phase-tracking reference signals are 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 Subclause 6.3.1.4
< Unchanged parts are omitted >
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>

Note: The editor is respectfully asked to crosscheck whether the occurrences of variable  throughout the specification refer to the complex symbols after layer mapping or to the complex symbols before transform precoding, and in the latter case to modify them to , representing the complex-valued symbols in OFDM before transform precoding according to Subclause 6.3.1.4

Working Assumption
The following text proposal is agreed.
>>>>>>>>>>>> Start text proposal Section 5.1.6.3 of TS38.214>>>>>>>>>>>>
If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to 'ON',
-	if either or both of the additional higher layer parameters timeDensity and frequencyDensity are both configured, and the RNTI equals C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding scheduled MCS of the corresponding codeword and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
		- if the higher-layer parameter timeDensity is not configured, the UE may assume LPT-RS = 1.
		- if the higher-layer parameter frequencyDensity is not configured, the UE may assume KPT-RS = 2.
-	otherwise, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and the UE shall assume that PT-RS is not present when,
-	the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or
-	the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or 
-	the number of scheduled RBs is smaller than 3, or
-  the RNTI equals RA-RNTI, SI-RNTI or P-RNTI
>>>>>>>>>>>> End text proposal Section 5.1.6.3 >>>>>>>>>>>>


Agreement
· For codebook based UL transmission, the following table is used for UL PTRS power boosting

	UL-PTRS-power/
	Full coherent
	Partial coherent
	Non-coherent

	
	

	

	


	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	00
	0
	3
	4.77
	6
	0
	Q
	Q
	Q+3
	0
	Q
	Q
	Q

	01
	0
	3
	4.77
	6
	0
	3
	4.77
	6
	0
	3
	4.77
	6

	10
	reserved
	reserved
	reserved

	11
	reserved
	reserved
	reserved


· Q=0 for 1 PT-RS port case, Q=3 for 2 PT-RS port case.
· Note: If two PT-RS ports are configured, their EPREs are the same.         

In this contribution, we will provide some discussions on the remaining issues for PT-RS including PT-RS power boosting, PT-RS antenna ports indication, and PT-RS density for UCI without UL-SCH.
2. Discussion
2.1 PT-RS Power boosting
It has been agreed that the EPRE ratio between PT-RS and PDSCH/PUSCH can be configured. Table 1 is defined for DL PT-RS power boosting and Table 2 is defined for UL PT-RS power boosting for codebook based transmission.
Table 1: PT-RS-to-PDSCH EPRE Ratio
	PDSCH-to-PT-RS EPRE ratio
	
The number of DM-RS ports associated to PT-RS port i, ()

	
	1
	2
	3
	4
	5
	6

	00
	0
	3
	4.77
	6
	7
	7.78

	01
	0
	0
	0
	0
	0
	0

	10
	reserved

	11
	reserved



Table 2: PT-RS-to-PUSCH EPRE Ratio
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent
	Full coherent
	Partial and non- coherent
	Full coherent
	Partial coherent
	Non-coherent

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved



The power boosting factor has been discussed since LTE. For CSI-RS in LTE, there is one response from RAN4 that the power boosting for CSI-RS is better to be up to 6dB with regard to EVM and implementation. [2] For downlink PT-RS, the power boosting factor may also need to be limited due to EVM and implementation issues. Table 3 illustrates the proposed downlink PT-RS power boosting factor.
Table 3: proposed PT-RS-to-PDSCH EPRE Ratio
	PDSCH-to-PT-RS EPRE ratio
	
The number of DM-RS ports associated to PT-RS port i, ()

	
	1
	2
	3
	4
	5
	6

	00
	0
	0
	0
	0
	0
	0

	01
	0
	3
	3
	3
	3
	3

	10
	0
	3
	4.77
	6
	6
	6

	11
	0
	3
	4.77
	6
	7
	7.78



For uplink non-codebook based transmission, the UE may apply different kinds of precoders to each SRS resources and those precoders may be based on coherent transmission, partial coherent transmission or non-coherent transmission. Then the best way is that the UE could report its type of precoder for non-codebook based transmission, but this would require additional signaling overhead and would restrict UE’s implementation – UE can only use 1 type of precoder. Another possible way is to use the power boosting factor for non-codebook based transmission to avoid the transmission power exceeds the maximum transmission power.
Proposal 1: Table 3 for downlink PT-RS power boosting should be adopted.
Proposal 2: For non-codebook based transmission, reuse the power boosting factor for non-coherent based transmission.
2.2 Downlink PT-RS antenna port indication
In beam management, if TCI is present and the scheduling offset is below a threshold, the default PDSCH beam should be based on the TCI state applied for the CORESET with the lowest CORESET-ID in the latest slot. Since in one slot, there may be multiple CORESETs and the UE cannot know which CORESET includes the scheduling DCI if the scheduling offset is quite small. So for PT-RS antenna port indication, it should follow the same rule as beam management. Moreover, since a UE may be configured with multiple BWPs and CCs, it should be clarified whether the CORESET to be considered is per BWP or per CC or across CCs. Since the inter-CC QCL cannot be guaranteed, it should not be across CCs. In one CC, the UE can only monitor the RS within active BWP, so it is better the CORSET is per BWP.
Further it could be possible that the TCI is not present and there is no TCI configured for a CORESET, e.g. when PDSCH is scheduled by CORESET-BFR. How to determine the number of PT-RS APs could be one issue. One simple way is to fix the number of PT-RS AP is 1. In addition, in cross-carrier scheduling, when TCI is not present, there would be some mismatch for the PT-RS configuration in different CCs, e.g. the PDCCH is transmitted in FR1 and PDSCH is in FR2. In this case, the number of PT-RS APs can also be fixed to be 1 to avoid additional signaling overhead. 
Proposal 3: Adopt the following TP for downlink PT-RS port indication.



[bookmark: _Toc501048177]5.1.6.3	PT-RS reception procedure
<Unchanged part omitted>
If the scheduling offset is above the threshold indicated by the UE reported ThresholdSched-Offset, 
-	IIf the higher layer parameter TCI-PresentinDCI is set as ‘Enabled’, the scheduled number of PT-RS ports for a UE is indicated by TCI in DCI..
-	If the higher layer parameter TCI-PresentinDCI is set as “Disabled”, 
-	If the TCI state is not configured for the CORESET used for PDCCH transmission that schedules the PDSCH or the scheduling PDCCH and PDSCH is not in the same CC, the scheduled number of PT-RS ports for a UE PDSCH transmission is 1;
-	Otherwise, 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 when the scheduling offset is above the threshold indicated by the UE reported ThresholdSched-Offset. 
If the scheduling offset is less than or equal thanto the 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 in the BWP where the PDSCH is transmitted, excluding the CORESET 0 and the CORESET configured by Beam-failure-Recovery-Response-CORESET.. 
<Unchanged part omitted>

2.3 PT-RS pattern for UCI without UL-SCH
For UCI without UL-SCH, its MCS can be the reserved MCS. Then how to determine the time domain density of PT-RS could be one issue. One possible way is to use a predefined PT-RS time domain pattern for this case, e.g. every symbol. Another possible way is to restrict such scheduling when PT-RS is configured. Since the scheduling bandwidth would not be too large for such case, the performance gap for different PT-RS time domain density would be small, hence to fix the PT-RS time domain density to be every symbol could be a simple way. 
Proposal 4: For UCI without UL-SCH, the PT-RS time domain pattern is every symbol.
2.4 Possible PT-RS bandwidth threshold
It has been agreed that the UE can report its BW and MCS threshold for PT-RS density selection. However the overhead could be one issue to report those thresholds. One possible way is to use combinatorial number to report all the densities in one table based on one indicator, which is the same as resource allocation type 1 in LTE UL. The value of this indicator can be calculated as 

Where S0 indicates the first threshold NRB0, and Sj-1, j>0 indicates the (j+1)th threshold; N indicates the total range of the threshold; M indicates the total number of threshold. The value N can be calculated as , where Nmax indicates maximum number of N, i.e. 276 and P indicates the RBG size.
Proposal 5: For PT-RS threshold reporting/indication, the thresholds in one table should be reported/indicated based on one combinatorial number and the value can be based on RBG size.
3. Conclusions
In this contribution we have provided our views on PT-RS. From the discussion, we have achieved the following proposals and corresponding text proposals.
Proposal 1: Table 3 for downlink PT-RS power boosting should be adopted.
Proposal 2: For non-codebook based transmission, reuse the power boosting factor for non-coherent based transmission.
Proposal 3: Adopt the following TP for downlink PT-RS port indication.
5.1.6.3	PT-RS reception procedure
<unchanged part omitted>
If the scheduling offset is above the threshold indicated by the UE reported ThresholdSched-Offset, 
-	IIf the higher layer parameter TCI-PresentinDCI is set as ‘Enabled’, the scheduled number of PT-RS ports for a UE is indicated by TCI in DCI..
-	If the higher layer parameter TCI-PresentinDCI is set as “Disabled”, 
-	If the TCI state is not configured for the CORESET used for PDCCH transmission that schedules the PDSCH or the scheduling PDCCH and PDSCH is not in the same CC, the scheduled number of PT-RS ports for a UE PDSCH transmission is 1;
-	Otherwise, 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 when the scheduling offset is above the threshold indicated by the UE reported ThresholdSched-Offset. 
If the scheduling offset is less than or equal thanto the 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 in the BWP where the PDSCH is transmitted, excluding the CORESET 0 and the CORESET configured by Beam-failure-Recovery-Response-CORESET.. 
<unchanged part omitted>

Proposal 4: For UCI without UL-SCH, the PT-RS time domain pattern is every symbol.
Proposal 5: For PT-RS threshold reporting/indication, the thresholds in one table should be reported/indicated based on one combinatorial number and the value can be based on RBG size.
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