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1. Introduction
At the RAN1 NR Ad-Hoc#2 meeting, we have reached the following agreements [1]:
	Agreements:
· For PT-RS insertion for UL DFT-S-OFDM 
· Companies are encouraged to perform simulations with realistic simulation assumptions comparing pre-DFT vs. post-DFT PT-RS insertion
· For pre-DFT, companies are encouraged to compare chunk-based distribution vs. non-chunk based distribution
Agreements:
· Support at least full symbol-level time density for time-domain PT-RS for DFT-S-OFDM (every PUSCH carrying symbol)
· FFS: whether to support configurable symbol-level time density for time-domain PT-RS density reduction for DFT-S-OFDM
· Note: If supported, the configuration can be implicit (associated with scheduled MCS and/or BW and/or DM-RS port(s)/position) or explicit, which is to be decided in next meeting
Agreements:
· 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
Agreements:
· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS
· Down-selection among the following for CP-OFDM DL & UL for PTRS:
· Opt-1: a single association table pair per subcarrier spacing 
· Opt-2: UE recommends the preferred thresholds in tables and/or gNB to update/confirm
· Opt-3: multiple association tables for each subcarrier spacing, to reflect different phase noise models resulting from different carrier frequencies, subcarrier spacings, UE implementations
· Opt-4: a single association table pair per subcarrier spacing based on UE capability
Agreements:
· For PTRS for CP-OFDM, study further how to handle mapping PTRS in case of non-consecutive scheduling
· Alt 1: based on PRBs
· Alt 2: based on VRBs 
· Other alternatives are not precluded
· Note: consecutive scheduling can be considered as a special case
· For PTRS for CP-OFDM, study further whether or not there is need for interference randomization for PT-RS and if so, how
· Companies are encouraged to provide simulation results
· To continue study to finalize the PT-RS density tables w.r.t. to MCS and scheduled bandwidth
Agreements:
· Study further how to handle PT-RS collision with CSI-RS
Agreements:
· For PTRS for CP-OFDM, NR supports
· Information related to UE to facilitate PTRS port configuration 
· FFS details, e.g., UE to report information (if so, details), or re-using UE information available for other purposes


In this contribution, we provide our views on open issue for PT-RS. 
2. Views on open issue for PT-RS
2.1. Association rule between PT-RS port and DM-RS port
In the previous meeting, the following agreements were made [1].
Agreements:
· 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

Comparing with the association rule between PT-RS port and DM-RS port, alt. 1 is simpler association rule than alt. 2. Allocated PT-RS port is automatically determined irrespective of the number of DM-RS ports within the DM-RS port group, dynamic changing of DM-RS port group, and SU/MU-MIMO transmission. In addition, if gNB can know the best precoder within the allocated DM-RS ports, performance improvement can be achieved in alt. 1 by applying the best precoder to the lower index of DM-RS port while alt. 2 has to apply the best precoder to the DM-RS port associated with PT-RS port which varies across RBs. Therefore, we have a slight preference to support alt. 1. However, in case of multiple codeword transmission, there is an issue in alt. 1 that if the best precoder belongs to the DM-RS port within the second codeword, gNB can’t apply the best precoder to the lower index of DM-RS port. Considering the multiple codeword transmission case, we have a slight preference to support alt. 1 with modification that PT-RS port is associated to DM-RS port assigned CW with higher MCS. 
Proposal 1:
· PT-RS port(s) should be mapped in increasing order of the DM-RS port assigned CW with higher MCS within the DM-RS port group. 

2.2. PT-RS configuration
In the previous meeting, the following agreement was made [1].
Agreements:
· Down-selection among the following for CP-OFDM DL & UL for PTRS:
· Opt-1: a single association table pair per subcarrier spacing 
· Opt-2: UE recommends the preferred thresholds in tables and/or gNB to update/confirm
· Opt-3: multiple association tables for each subcarrier spacing, to reflect different phase noise models resulting from different carrier frequencies, subcarrier spacings, UE implementations
· Opt-4: a single association table pair per subcarrier spacing based on UE capability

If we support multiple association tables according to the different phase noise model or UE capability such as opt-3 and opt-4, large number of association tables has to be supported. As for opt-2, UE recommendation may help to optimize the PT-RS pattern. However, we are not sure the necessity of this mechanism. Since thresholds of association tables is determined based on the requirement, we don’t know this optimization achieves a large performance improvement. Therefore, we have a slight preference to support opt-1 (a single association table pair per subcarrier spacing). 
Proposal 2:
· Support opt-1: For DL and UL PT-RS for CP-OFDM, a single association table pair per subcarrier spacing is supported.

2.3. Power boosting of PT-RS
In the previous meeting, the following agreement was made [1].
Agreements:
· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS

In order to enhance the phase noise compensation accuracy, power boosting of PT-RS port compared with associated DM-RS port is effective. Here, note that power boosting of PT-RS port is defined with reference to the power of associated DM-RS port, but the base channel can be different, e.g., PDSCH/PUSCH, CSI-RS. However, the applicable case of PT-RS power boosting is not clear. Figure 1 shows the example of the power boosting of PT-RS port under the different conditions: the number of PT-RS port and DM-RS port is the same or not, DM-RS port is FDM-ed or CDM-ed, and SU-MIMO is applied or MU-MIMO is applied. Here, note that MU-MIMO assumes DL transmission (UL MU-MIMO is the same as DL SU-MIMO case from UE perspective). As shown in the figure, the applicable case of PT-RS power boosting compared with associated DM-RS port is that the non-FDM-ed (CDM-ed) DM-RS ports exist in SU-MIMO (figure 1 (b), and (d)). However, since UE can’t distinguish between case (b) and (e) due to transparent MU-MIMO transmission, UE can’t know whether PT-RS power boosting is applied or not. However, since PT-RS is only utilized for phase compensation, no need to know the power boosting ratio at the receiver side. Thus, power boosting of PT-RS port can be applied without additional signaling. Based on the discussion, we made the following proposal.
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(a) SU-MIMO, 2 DM-RS ports (FDM), 1 PT-RS port
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(b) SU-MIMO, 2 DM-RS ports (CDM), 1 PT-RS port
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(c) SU-MIMO, 2 DM-RS ports (FDM), 2 PT-RS ports
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(d) SU-MIMO, 2 DM-RS ports (FDM), 2 PT-RS ports
[image: ]
(e) 2 UE MU-MIMO, 2 DM-RS ports per UE (CDM within UE, FDM between UEs), 1 PT-RS port per UE (non-orthogonal multiplexing between PT-RS port and data)
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(f) 2 UE MU-MIMO, 2 DM-RS ports per UE (FDM within UE, CDM between UEs), 1 PT-RS port per UE (non-orthogonal multiplexing between PT-RS ports)
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(g) 2 UE MU-MIMO, 2 DM-RS ports per UE (CDM within UE, FDM between UEs), 1 PT-RS port in UE#1 (UE#2 has no PT-RS)
Fig. 1 Example of the PT-RS port power boosting.

Proposal 3:
· PT-RS port power boosting is achieved by implementation. 

2.4. PT-RS for mini-slot
In the previous meetings, discussion about PT-RS design mainly focused on 7/14 symbol slot case. We also have to design the PT-RS for mini-slot which has length from one to slot length – 1 symbol(s). For simplicity, common PT-RS structure between slot based and mini-slot based transmission, e.g., same PT-RS pattern, same association table for PT-RS pattern, is preferable. However, in mini-slot transmission, TBS (transport block size) of data may be small compared with 14 symbol slot transmission, and the optimum thresholds of association table for PT-RS pattern may be different due to the coding gain degradation. Therefore, we made the following proposal. 
Proposal 4:
· Consider whether common PT-RS design can be applied or not between slot based and mini-slot based transmission. 

2.5. PT-RS for Uplink DFT-S-OFDM
In the previous meeting, the following agreement was made [1].
Agreements:
· For PT-RS insertion for UL DFT-S-OFDM 
· Companies are encouraged to perform simulations with realistic simulation assumptions comparing pre-DFT vs. post-DFT PT-RS insertion
· For pre-DFT, companies are encouraged to compare chunk-based distribution vs. non-chunk based distribution

With regard to post-DFT insertion, there is an advantage that symmetric PT-RS design for CP-OFDM and DFT-S-OFDM can be kept and it helps to reduce the implementation complexity. However, there are disadvantages, i.e., increase in PAPR and CM, are seen by losing the single carrier property. The PAPR increase in post-DFT insertion is shown in [2]. As for phase noise compensation performance comparison, in [3], the contribution shows that for smaller number of RBs with low coding rate case, the post-DFT could provide better performance than pre-DFT based scheme, but for the other cases, the pre-DFT could provide better performance. Therefore, the contribution propose that both pre-DFT and post-DFT PT-RS insertion should be supported. However, applicable range of pre-DFT PT-RS insertion is limited and if both schemes are supported, the implementation complexity would be increased. Based on the above discussion, in order to achieve the relatively robust performance with maintaining low implementation complexity and low PAPR, we had a slight preference to support only pre-DFT PT-RS insertion for UL DFT-S-OFDM as long as a large performance gain is not observed. 
Proposal 5:
· Support only pre-DFT PT-RS insertion for UL DFT-S-OFDM. 

3. Summary
In this contribution, we presented our views on open issue for PT-RS, and then made the following proposals. 
Proposal 1:
· PT-RS port(s) should be mapped in increasing order of the DM-RS port assigned CW with higher MCS within the DM-RS port group. 
Proposal 2:
· Support opt-1: For DL and UL PT-RS for CP-OFDM, a single association table pair per subcarrier spacing is supported.
Proposal 3:
· PT-RS port power boosting is achieved by implementation. 
Proposal 4:
· Consider whether common PT-RS design can be applied or not between slot based and mini-slot based transmission. 
Proposal 5:
· Support only pre-DFT PT-RS insertion for UL DFT-S-OFDM. 
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