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Introduction
RAN1 has made a huge progress on PTRS issues in RAN1 #91 [1] and follow-up e-mail discussion [91-NR-13] finalized some remaining issues as following:

Agreements:
· As UE capability, at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, UE shall report the preferred MCS/BW thresholds based on its phase noise characteristics, assuming the MCS table with the maximum ModOrder as it reported to support
· (working assumption) For reporting preferred layer for mapping PTRS using layer indicator (LI), support a LI field separate from other CSI, following the encoding rule of wideband PMI
· (working assumption) Before RRC configuration, PTRS is not used
· (working assumption) X={10 for MCS table with up to 64QAM, 5 for MCS table with up to 256QAM, corresponding to switch point between QPSK and 16QAM}, Y=3, X_UL=0, Y_UL=1 (for UL CFO tracking)
· Do not support in spec that UE may assume the layers corresponding to the scheduled DL DMRS ports in one DL DMRS port group are experiencing the same phase variations at gNB side due to phase noise

In this contribution, we discuss on the final details of PTRS.
Remaining details on PTRS
It has been agreed as a working assumption that PTRS is not supported before RRC configuration which make sense since the multicast/broadcast channels use lower modulation orders with lower coding rates to guarantee the performance even for cell-edge UEs. In [2]-[3], we have observed that phase noise impact is marginal when the modulation order is low irrespective of the phase noise model. Moreover, send PTRS always for the channels before RRC configuration may decrease system throughput unnecessarily due to PTRS overhead.
Proposal-1: confirm the working assumption that no PTRS before RRC configuration.
The default PTRS configuration has been agreed so that PTRS can be used without RRC configuration which can avoid higher layer signaling overhead. The default configuration can be defined in a conservative manner considering the worst case. As similar to broadcasting channel, at least PTRS is not supported for QPSK case in downlink as there is no performance issue for QPSK from the observation and tracking CFO can be done using other downlink signals. On the other hand, using PTRS always for uplink seems to beneficial for CFO tracking even for QPSK modulation order.
Proposal-2: confirm the working assumption of the MCS threshold for default configuration.
In TS 38.211, the RB-level offset equation should be the same for both uplink and downlink PT-RS which is based on UE-ID and the frequency density [1]. The RB-level offset equation for downlink PTRS has not captured the agreement correctly although the RB-level offset equation for uplink PT-RS has been correctly captured. 


Therefore, the following equation for downlink PT-RS should be corrected as


Proposal-3: update the RB offset equation for downlink PT-RS to capture the agreement correctly
Conclusion
In this contribution, we discussed the remaining details of PTRS design for DFT-s-OFDM and CP-OFDM and evaluated alternatives for the pre-DFT PTRS patterns when K=2. Based on the discussions and observations, we propose the following:
Proposal-1: confirm the working assumption that no PTRS before RRC configuration.
Proposal-2: confirm the working assumption of the MCS threshold for default configuration.
Proposal-3: update the RB offset equation for downlink PT-RS to capture the agreement correctly
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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  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



where 

-	
-	 is given by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 5.1.6.2 in [6, TS 38.214].  If the higher-layer parameter DL-PTRS-RE-offset is not configured, the column corresponding to ‘00’ shall be used.

-	 is the C-RNTI associated with the DCI scheduling the transmission
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