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Introduction
In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 and RAN1#92 meeting.  Many ambiguous and controversial descriptions had been clarified after RAN1 AH1801. However, there are still some remaining details need to be refined or updated in the current specification. We provide our proposals on PT-RS in this contribution.
Discussion
The association between PTRS port and DMRS port for non-codebook based transmission
Based on previous agreements and description in current specifications, 2 bits in DCI are used to indicate the association between PTRS port(s) and DMRS port(s) for UL codebook based transmission. However, there is still no agreement to set up such association for non-codebook based UL transmission. Because channel reciprocity can usually be used in non-codebook based transmission, UE can get uplink channel condition by measuring DL CSI-RS. And then, UE can transmit SRS resources in the order of channel quality with the strongest layer first within the configured resource set. In this case, one PTRS port can be associated with the SRS resource/DMRS port which corresponds to lowest index SRI among DCI indicated SRI(s) with the same PTRS port index, and 2 DCI bits are not necessary anymore. 
Proposal1: For non-codebook based UL transmission, one PTRS port is associated with the SRS resource or DMRS port which corresponds to the lowest index SRI among DCI indicated SRIs with the same PTRS port index.
TP1:  The text in {38.214, section 6.2.3.1 UE PT-RS transmission procedure when transform precoding is not enabled}.
	...
For non-codebook based UL transmission, the UL PT-RS port index is signalled by a DCI associated to each SRS resource as described in Subclause 7.3.1.1.2 of [5, TS 38.212].
For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on DCI indicated SRI(s) as described in Subclause 7.3.1.1.2 of [5, TS 38.212]. A UE may be configured with the PT-RS port index for each configured SRS resource by the higher layer parameter UL-PTRS-SRS-mapping-non-CB.  If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated toshare the one UL PT-RS port which is associated with the UL DMRS port corresponding to the lowest index SRI among DCI indicated SRI(s) with the same PTRS port index.



Note that the first paragraph of TP1 is removed because the description is misleading.  It can be interpreted as PTRS port index is signaled directly by DCI which is not the case.  It should be based on the SRI(s) instead as described in the second paragraph.
PT-RS time domain density
[bookmark: OLE_LINK7]In RAN1AH1801 meeting, there were following agreements on PTRS:
 Agreements#1:
· 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
As was agreed, UCI can be transmitted on PUSCH without UL-SCH, so PT-RS should be configured in this case. Since UCI usually uses relatively lower MCS, the PT-RS time domain density for CP-OFDM can be predefined to one of {0, 2, 4} when there is no UL-SCH on PUSCH. This should be captured in {38.214:6.2.3.1 UE PT-RS transmission procedure when transform precoding is not enabled}
Proposal2: For UCI on PUSCH without UL-SCH, the PT-RS time domain density for CP-OFDM is 2.
PT-RS sequence generation
In RAN1 #91 meeting, there were following agreements:
Agreements#2:
For UL CP-OFDM with intra-slot frequency hopping,
in each hop, 
on the subcarrier S where PTRS is mapped,
the PTRS symbols in the hop are obtained by repeating the first front-loaded DMRS symbol on subcarrier S in the hop
where the DMRS symbol is taken before applying FD-OCC
The description that PT-RS sequence is the same as the first front-loaded DM-RS symbol per hop has been removed from the current specification, and there is no description between PT-RS and the DM-RS symbol on subcarrier S in the hop, so we make the following modification. 
TP2: The text in {38.211:6.4.1.2.1.1 Sequence generation and precoding if transform precoding is not enabled}
	

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 m in presence of PUSCH intra-slot frequency hopping        

where  


-     is defined in clause 6.4.1.1.3.



In RAN1 #91 meeting, there were following agreements:
Agreements3:
The pseudo random sequence used as PTRS BPSK sequence has X*K samples and is generated by the same length-31 Gold sequence generator used for other RSs in NR, initialized with the same c_init formula as for PDSCH DMRS but using the UE specific parameter nDMRS-CSH-Identity-Transform-precoding as the scrambling ID. 
Note: The nDMRS-CSH-Identity-Transform-precoding is a UE specific parameter used for ZC DMRS sequence generation
Note: Time index l in c_init formula for PDSCH DMRS (if any) is set to the time index of the first DFTsOFDM symbol containing PTRS in the slot and is used for all symbols in a slot which carry PTRS
The RS ID for PTRS and DMRS sequence initialization for DFT-S-OFDM should be the same. However, it seems different RS ID are used for DMRS and PTRS now. We think the same parameter should be used.       
TP3: The text in {38.211:6.4.1.2.1.2 Sequence generation if transform precoding is enabled}
	




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-precodingnDMRS-CSH-Identity-Transform-precoding. 




DL PT-RS power boosting

When two DMRS port groups are configured with separate PTRS ports, the number of layers  is the number of DMRS ports within the corresponding DMRS port group. It is correctly reflected in the current specification. However, we have agreed that one PTRS port can be shared between two DMRS port groups, the power boosting can be done between different DMRS groups in this case. So the number of the PTRS port should be associated with the total number of DMRS ports. And then the power of OFDM in PTRS symbols can be the same as DMRS or PDSCH symbols. 
TP4: The text in {38.214:4.1 Power allocation for downlink}
	
Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i () 
	PDSCH-to-PT-RS EPRE ratio for  PT-RS port i
	
The number of PDSCH layers within corresponding to the DMRS ports group containing DMRS port associated withsharing the PT-RS port  i, ()

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	Reserved

	3
	Reserved







UL PT-RS power boosting
Since the higher layer parameter UL-PTRS-power has been already introduced, it is unnecessary to distinguish UL transmission schemes to configure UP PTRS power. The power of UL PTRS can be up to gNB. Even for the coherent transmission, 0 dB power boosting can be used. So it is too restricted since the current specification fixes the power for the coherent transmission. Moreover, non-coherent or partial-coherent transmission can also be configured for a UE with full-coherent capability. Therefore, it is better to add some entries in the current power boosting table and make them configurable by the agreed parameter UL-PTRS-power.
In addition, two PTRS port case should be also considered. We prefer the solution similar with DL, i.e. the PTRS power should be associated with the number of PTRS ports and the number of layers corresponding to the same PTRS port.
TP5:The text in {38.214, section 6.2.3.1}
	

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


For codebook based coherent uplink transmission, Wwhen the UE is scheduled with one NPTRS PT-RS ports in uplink and when the PTRS port i is shared among the number of scheduled layers is , layers.







-	If the UE is configured with higher layer parameter UL-PTRS-power, the PUSCH to PT-RS power ratio per layer per RE  for PTRS port i is given by   , where   is shown in the Table 6.2.3-5 according to the higher layer parameter UL-PTRS-power, the PT-RS scaling factor  specified in subclause 7.4.1.2.2 of [4, TS 38.211] is given by  .
-	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



	
UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	00
	0
	3
	4.77
	6

	01
	0
	3
	3
	3

	10
	0
	0
	0
	0

	11
	reserved






Since PTRS is mainly used for phase error estimation and modulation of PTRS is QPSK, the power of PTRS port can be actually transparent in the specification.  So we suggest making PTRS power boosting transparent to the specification if this issue is still controversial in this meeting.
Proposal 3: Make PTRS power boosting transparent to the specification if this issue is still controversial in this meeting.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide several TPs on PT-RS related issues to the current NR specifications.
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