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1 Introduction
In RAN1#90bis meeting [1], agreements on PTRS were achieved as:
Agreements:
· 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
· For CP-OFDM, after determining the subcarrier where PTRS is mapped, support repeating the modulated sequence symbol on the associated first front-loaded symbol of DMRS port taken at the subcarrier for which the PT-RS is mapped as the modulated symbol for PTRS, before applying FD-OCC.
· Support a RB-level offset for selecting RBs among the scheduled RBs for mapping PTRS, and the offset is implicitly determined by UE-ID (i.e., C-RNTI).
· Support implicit derivation the RE-level offset for selecting subcarrier for mapping PTRS within a RB from one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91)
· This can be used at least for avoiding collision with DC tone
· In addition, an RRC parameter “PTRS-RE-offset” is also supported that explicitly indicates the RE-level offset and replaces the implicit offset, at least for avoiding collision with DC tone
· 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 DMRS 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 
In addition, in RAN1#89 meeting, cases of PDSCH from multiple TRPs were agreed as:
Agreements:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views on some remaining issues of PTRS configurations in NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In high frequency band, the impact of phase noise can not be ignored, so PTRS was introduced. And it was agreed that the density of PTRS in frequency domain will decrease with increasing of scheduled bandwidth, while density of PTRS in time domain will increase with increasing of MCS. On predefined table with bandwidth thresholds for PTRS density in frequency domain was agreed in last meeting, while the concrete value is still open. One controversial point is the threshold for the row of no PTRS. In fact, based on the requirement of PTRS density, there should be PTRS mapping in small scheduled bandwidth. One may argue that, with small bandwidth, UE is not expected to be scheduled with high MCS. While that should be depended on the channel state and the scheduler, the probability of high MCS scheduling should not be excluded. On the other hand, the PTRS mapping is also related to the threshold table for MCS, when the MCS is lower than one threshold, there is no PTRS mapping. Then for small scheduled bandwidth, if the scheduled MCS is low, there still can be no PTRS. If the scheduled MCS is high, the PTRS is required and should be derived from the table. So even for the small scheduled bandwidth, there should be PTRS mapping in the predefined table to cater for different cases. While it’s noted that the table can be replaced by RRC signalling, and the threshold can be updated.
Based on the above discussion, we propose that
Proposal1: For PTRS density in frequency domain, the default value of ptrsthRB0DL and ptrsthRB0UL should be 1.
The other issue is the mapping of PTRS in frequency domain. For RB-level offset, it was agreed that the offset is implicitly determined by UE-ID (i.e., C-RNTI). While the actual offset should be based on the frequency density of PTRS. For example, if the PTRS density in frequency domain is 1, then there is no need to imply the RB-level offset. If the PTRS density in frequency domain is 1/2, the actual potential offset values are only 0 or 1. And the actual potential offset values are 0, 1, 2, 3 when the density is 1/4. Based on this, we can define the RB-level offset to be , where  is implicitly determined by UE-ID, and  is the density value.
As it was agreed the PTRS sequence repeats the modulated sequence symbol on the associated first front-loaded symbol of DMRS port taken at the subcarrier for which the PT-RS is mapped as the modulated symbol for PTRS, before applying FD-OCC. So for RE-level offset, the subcarrier for PTRS is better to be restricted in the REs for the associated DMRS port. Or else, the PTRS and the associated DMRS is not in the same subcarrier in frequency domain, which may introduce more complexity for phase noise estimation. In addition, as the other CDM group may be scheduled for other UEs or even different transmission directions. If there is no restriction on the RE-level offset, the interference may be increased. Based on above discussion, we propose that:
Proposal2: Introduce restriction on RB-level and RE-level offset. The offset for RB-level should be based on the PTRS frequency density. And the RE-level offset should be restricted in the REs for the associated DMRS port.
In addition, there is one case of single PDSCH with each layer from all TRPs, the jointly transmission can improve the performance. And as agreed in previous meeting, this can be done in spec transparent manner. While considering the impact of PTRS, there may be some issues. For example, if PTRS is needed, the same PTRS will be transmitted from all the TRPs, but the phase noise can not be estimated accurately as they are independent from different TRPs, as shown in Figure 1. 


Figure 1. Example for different phase noise from different TRPs 
Base on the discussion, some schemes may be needed to address this issue, or the gNB can restrict the scheduled MCS to be no PTRS needed for this scenario, while more or less, there may be some impact on the spec. So we observe that:
Observation: Impact on phase noise for the case of single PDSCH with each layer from all TRPs should be studied in the future work.
3 Conclusion
In this contribution, we provided our views for design of PTRS density and offset in frequency domain, and impact on single PDSCH with each layer from all TRPs, and we observe and propose that:
Observation: Impact on phase noise for the case of single PDSCH with each layer from all TRPs should be studied in the future work.
Proposal1: For PTRS density in frequency domain, the default value of ptrsthRB0DL and ptrsthRB0UL should be 1.
Proposal2: Introduce restriction on RB-level and RE-level offset. The offset for RB-level should be based on the PTRS frequency density. And the RE-level offset should be restricted in the REs for the associated DMRS port.
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