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Introduction
PT-RS is introduced to estimate common phase error (CPE) in the presence of phase noise in high frequency band. 
In RAN1 AH 1701 [1], it was agreed that the same precoding is applied to a DMRS port and a PT-RS port.
Agreements (RAN1 AH 1701):
· Regarding PT-RS for CP-OFDM, the following is supported
· UE can assume same precoding for a DM-RS port and a PT-RS port
Later the association between a PT-RS port and a DMRS port group, and the association between a PT-RS port and a DMRS port were defined in RAN1#88b [2] and RAN1#89 [3], respectively.
Agreements (RAN1#88b):
· Support association between PTRS port and DMRS port group
Agreements (RAN1#89):
· Support association between one PTRS port and one DMRS port per DMRS port group
· FFS: Configurable or fixed association
· FFS: Signalling methods, e.g., RRC, MAC-CE, DCI
· FFS: Support association between one or multiple PTRS ports and multiple DMRS ports per DMRS port group
In RAN1 AH 1706 [4], fixed association is supported for the case when only one PT-RS port is configured for a DMRS port group.
Agreements (RAN1 AH 1706):
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port and one DL DM-RS port in the DL DM-RS port group are associated for phase tracking, the association is determined in the specification
· FFS details for the association
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with:
· Alt 1: the lowest DL DM-RS port in the DL DM-RS port group.
· Alt 2: one DL DM-RS port in the DL DM-RS port group in a RB, where the one DL DM-RS port may vary across RBs
· Other alternatives are not precluded
· To conclude with one alternative next meeting
· FFS the case of two codewords
In this contribution, we are going to discuss the remaining issues on PT-RS.

PT-RS scheduling
PT-RS port indexing and association
Based on the current agreement, the association with respect to PT-RS can be either with a DMRS port or a DMRS port group. The ambiguity of association can be interpreted as follows
· Association between a PT-RS port and a DMRS port suggests that
· The PT-RS port and the DMRS port have the same precoder
· Association between a PT-RS port and a DMRS port group suggests that
· The PT-RS is associated with one DMRS port in the group
· The CPE estimates derived from the PT-RS and the associated DMRS port can be applied to other DMRS ports in the group.
Considering that the PT-RS and one associated DMRS port from the associated DMRS port group share the same subcarrier, and the same precoder, it is nature for all PT-RS ports to be defined on the same ports set as DMRS or the subset thereof. 
If so, when a group of DMRS ports are scheduled, it is natural to associated the PT-RS to the DMRS port with the lowest DMRS port index if the transmitted knows which precoder has the maximum SINR, and can do the permutation of precoders, i.e., the PT-RS port that is the same as the lowest DMRS port in the group is transmitted. The transmitter can even use different permutations across PRG if
1) The precoder with maximum SINR varies from PRG to PRG
2) The transmitted does not know which precoder is the best, and does the precoder permutation cycling across PRGs.
The cases when transmitter can do the permutation of the precoder matrix include DL transmission, and UL non-codebook based transmission. For UL codebook based transmission, whether UE can do permutation according to TPMI is FFS.
Proposal 1: PT-RS should be defined on the same port set as DMRS.
Proposal 2: For DL and UL non-codebook based transmission, PT-RS is associated the lowest DMRS port in the DMRS port group.
PT-RS precoder determination
As discussed before, if transmitter knows which precoder has the highest SNR, it can always permute the precoder of DMRS, and assign the first precoder to PT-RS. Based on the current CSI feedback framework, when channel reciprocity does not hold for DL, gNB cannot know the information based on UE report of RI/PMI/CQI. The mechanism to access the best precoder can be further studied.
Observation 1: gNB cannot know which precoder has the best SINR based on the current CSI feedback framework.
Proposal 3: It should be studied how to inform gNB to assist the precoder determination for gNB.
Pattern and multiplexing of PT-RS ports
Now we can design the pattern of all PT-RS ports in a PRB where PT-RS could be present. For both DMRS configuration type 1 and 2, only 4 PT-RS ports {0,1,2,3} could be defined, whose patterns are shown in Figure 1 and Figure 2, respectively. The reason of supporting only 4 ports lies in that
1) TD-OCC could not work very well when PT-RS is present, and thus if two symbols are supported, only one TD-OCC code should be active, which is {1,1}, cut the number of orthogonal ports by half.
2) For configuration type 2, based on our companion contribution [5], port 4 and 5 should only be scheduled with other ports, and if PT-RS is associated with the lowest DMRS port index in the group, which would never be 4 or 5, PT-RS defined on port 4 and 5 would not be necessary.
3) The remaining 8 subcarriers in a PRB can be allocated to CSI-RS of up to 16 ports, and of 32 ports. And if a CSI-RS resource contains 24 ports, it will possibly occupy the entire PRB within a symbol, and bring no harm to puncture PT-RS as there would not be any PDSCH on that symbol anyway.
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[bookmark: _Ref489614954]Figure 1 PT-RS mapping under DMRS configuration type 1
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[bookmark: _Ref489614964]Figure 2 PT-RS mapping under DMRS configuration type 2

Proposal 4: Only 4 orthogonal PT-RS ports  should be supported in NR, each associated with the DMRS port of the same port index .

PT-RS interference randomization
PT-RS could face different types of interference, including
· Interference from PDSCH from another co-scheduled UE
· Interference from PT-RS from another co-scheduled UE
Interference from PDSCH
This case happens when the PT-RSs from different UEs do not overlap, as Figure 3 shows. In the figure, two UEs share the same DMRS pattern, of which one is transmitted on DMRS port 0 with FD-OCC code [1,1], and the other on DMRS port 1 with FD-OCC code [1,-1]. PT-RS is transmitted on different subcarriers across UEs. From the UE’s perspective, UE would rate match PDSCH around DMRS and PT-RS REs, causing overlap between one UE’s PT-RS and other UE’s PDSCH.
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[bookmark: _Ref489615555]Figure 3 PT-RS scheduling with FDMed PT-RS from 2 UEs
In this case, due to the randomness of co-scheduled PDSCH, interference on PT-RS is already randomized. Averaging PT-RS across the frequency domain could yield a better CPE estimation. Meanwhile, power boosting of PT-RS could be considered to improve the CPE estimation.
Interference from another PT-RS
This case happens when the PT-RSs from different UEs overlap, as Figure 4 shows. In the figure, two UEs share the same DMRS pattern, probably because they are transmitted on the same antenna port with a different scrambling ID. PT-RS is transmitted on the same subcarrier. 
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[bookmark: _Ref489616087]Figure 4 PT-RS scheduling with overlapped PT-RS from 2 UEs
If the PT-RS sequence is the same between two UEs at the same time, one UE would receive the superposition of two precoders for each respective UE on PT-RS, while only one precoder for itself on DMRS. Assume that the precoders for UE1 and UE2 are denoted as  and  respectively, and the channel is denoted as   for UE1.
For UE1, the effective channel on the DMRS would be , while the effective channel on PT-RS would be  as the same PT-RS sequence is transmitted on both precoders and UE1 is unable to separate them. Since the precoder must remain the same within a PRG, it cannot always be guaranteed that  could be small enough, due to the frequency selectivity of .
The misalignment on the effective channel between DMRS and PT-RS would degrade the accuracy of estimation on CPE difference between the DMRS symbol and PT-RS symbol under the agreement that
·  UE can assume same precoding for a DM-RS port and a PT-RS port
Therefore, we propose to introduce the scrambling ID for PT-RS as well, when the interference from PT-RS for another UE could be randomized, and averaging in the frequency domain could improve the CPE estimation. Since such an interference is from PT-RS, power boosting may not work well.
In comparison with the two interference types, we feel that interference from PDSCH is more favorable than that from another PT-RS. In other words, gNB should try to schedule PT-RS on different subcarriers for different UEs at much as possible; while scheduling PT-RS on the same subcarrier applies only to the case when UEs are sufficiently spatially separated, and scrambling ID should be used to randomize the remaining interference.
Proposal 5: Scrambling ID should be defined for PT-RS sequence.
Proposal 6: gNB should first schedule non-overlapping PT-RS for MU-MIMO. 

DMRS port grouping for PT-RS
Normally, DMRS port grouping for PT-RS is carried out in terms of independent phase source (oscillator). Meanwhile, there are already DMRS grouping based on QCL. The two grouping criteria would put much overhead in signaling design. Considering that
· DMRS ports from different QCL group probably comes from different TRPs/panels, which probably have the different phase sources.
· DMRS ports from a single QCL group probably have the same phase source.
DMRS port grouping for PT-RS could be based on the QCL grouping, and gNB only needs to signal the QCL grouping information to UE, which could be in DCI, along with the DMRS port indication. The potential problems of merging such two grouping criteria are
· If DMRS ports from different QCL groups share the same phase source, PT-RS transmission is redundant, which may affect the spectral efficiency.
· If DMRS ports from a single QCL group have more than one phase source, there is no way of estimating CPE from all sources.. Scenario of such a deployment should be identified, if exists.
Proposal 7: Consider applying QCL grouping to DMRS port grouping for PT-RS.

Conclusion
In this contribution, we discussed the remaining issues on PT-RS, including PT-RS port definition, association, and the pattern. We also considered the interference issue in MU-MIMO. Finally, the indication of DMRS grouping for PT-RS association is presented. The observations and proposals are as following:
Observation 1: gNB cannot know which precoder has the best SINR based on the current CSI feedback framework.
Proposal 1: PT-RS should be defined on the same port set as DMRS.
Proposal 2: For DL and UL non-codebook based transmission, PT-RS is associated the lowest DMRS port in the DMRS port group.
Proposal 3: It should be studied how to inform gNB to assist the precoder determination for gNB.
Proposal 4: Only 4 orthogonal PT-RS ports  should be supported in NR, each associated with the DMRS port of the same port index .
Proposal 5: Scrambling ID should be defined for PT-RS sequence.
Proposal 6: gNB should first schedule non-overlapping PT-RS for MU-MIMO. 
Proposal 7: Consider applying QCL grouping to DMRS port grouping for PT-RS.
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