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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 meeting.  There are some remaining details on PT-RS which need to be refined or updated in the specification. In this contribution, we provide our TPs on PTRS issues.
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. 
Proposal: 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 UE PT-RS transmission procedure}.
	...
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, and the PTRS port is associated with the DMRS port which corresponds to the lowest index SRI among DCI indicated SRI(s) with the same PTRS port index.



[bookmark: _GoBack]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 sequence for subcarrier
Since there is no such agreement on ‘PT-RS frequency hopping’,  it should be replaced by ‘PUSCH intra-slot hopping’ which has been used in current 38.214 section 6.3 .

TP2:The text in {38.211:6.4.1.2.1 Sequence Generation}
	
If transform precoding is not enabled, the phase-tracking reference signal for subcarrier  is be given by


where

-	 is the demodulation reference signal given by clause 6.4.1.1.2 

-	at position  in absence of PUSCH intra-slotPT-RS frequency hopping



-	at position  of the first DM-RS symbol in hop  in presence of PUSCH intra-slotPT-RS frequency hopping where 

-	 is the antenna port associated with PT-RS transmission according to clause 6.2.3 of [38,214]


[bookmark: OLE_LINK7]PT-RS symbol position
In RAN1#90bis meeting, there were following agreements on PTRS [1]:
 Agreements1:
· 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 
As shown in Figure1a, DMRS is mapped on symbol #3, PUSCH is mapped from symbol #0  to symbol #13 and PTRS should be mapped from symbol #0. If LPTRS is set to 2, after DMRS symbol#3, PTRS mapping should start from symbol#5 based on above agreements. However, the mapping pattern follows Figure 1b based on the description in current TS.
[image: ]   [image: ]
Figure 1a                                                                                           Figure 1b
Figure 1  PTRS pattern  
In addition, 4 DMRS symbols (symbols 0, 3, 6, 9) are supported based on current agreements. If LPTRS=4, PTRS should not be mapped on PUSCH symbols between two DMRS symbols.  If DMRS symbol(s) is contained between two sequential PTRS mapping, PTRS mapping should be restarted on the DMRS symbol. So step 5 should be done before step 3 as in following TP. Or else, PTRS will be mapped on symbol#4 which is not aligned with current agreements if LPTRS=4 as shown in Figure 2. 
[image: ]
Figure 2  PTRS pattern for 4 DMRS symbols
TP3: The text in {38.211:6.4.1.2.2 Mapping to physical resources}
	The set of time indices [image: ] defined relative to the start of the PUSCH allocation is defined by
1. 

   set  and 


2.   if symbols from   to  include 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
-    repeat from step 2 above as long as [image: ] is inside the PUSCH 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 PUSCH allocation

where [image: ].



The related change should be done both in DL and UL.
PT-RS sample position of DFT-s-OFDM


As agreed in RAN1 #91 meeting, when chunk size K=2, the chunks should be located in the middle of each interval. As shown in table 6.4.1.2.2.2-1, when s=0 and k=0 are set, the PTRS sample index is incorrect. should be used instead of , and then PT-RS will be mapped in the middle of the interval.
TP4: The text in {38.211:6.4.1.2.2 Mapping to physical resources}
	[bookmark: _Hlk498342295][bookmark: OLE_LINK1]Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
	
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
	


[bookmark: OLE_LINK4]  where 







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