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1. Introduction
In RAN1 #90bis meeting, the following agreements on PT-RS have been achieved. [1]
R1-1718998	JOINT WF on PTRS	Huawei, HiSilicon, Intel, Samsung, ZTE, Sanechips, IITH, CEWiT, IITM, Tejas Networks, Reliance Jio, Panasonic, InterDigital, Mitsubishi, National Instruments, NEC, LG Electronics, NTT DOCOMO, KT, ATSRI, Ericsson, Nokia, NSB, OPPO, AT&T, MediaTek, CMCC, Qualcomm, CATT, Vodafone
The contents of R1-1718998 are agreed
Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1  where the n is FFS
For K=4, the samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head (first K samples), in the last interval the chunk is placed in the Tail (last K samples), and in the rest of intervals the chunk is placed in the middle of each of the two intervals
For PTRS for DFT-s-OFDM, support a RRC parameter « UL-PTRS-frequency-density-transform-precoding » indicating a set of thresholds T={NRBn,n=0,1,2,3,4}, per BWP that indicates the values of X and K the UE should use depending on the scheduled BW according to the table below
	Scheduled BW
	X x K

	NRB0NRB NRB1
	2x2

	NRB1 NRBNRB2
	2x4

	NRB2NRBNRB3
	4x2

	NRB3NRBNRB4
	4x4

	NRB  NRB4
	Yx4


FFS default UE behaviour before RRC configuration, if needed
FFS value of Y (if different than 4)
FFS whether thresholds are MCS dependent
Note: NRB0 can be equal to 0; when NRB0 is larger than 0, no PTRS is present for allocations less than or equal to NRB0
Note: The use of a specific pattern can be disabled by setting NRBi=NRBi+1 on the corresponding line in the previous table
Possible PTRS presence/absence is configured through an RRC parameter « UL-PTRS-present-transform-precoding » 
Time-domain PTRS density is configured by an RRC parameter « UL-PTRS-time-density-transform-precoding » where supported time densities are L_{PT-RS}={1,2}
Note: Time-domain pattern depends on DM-RS positions using the same principle as agreed for CP-OFDM PTRS mapping
FFS: Whether to introduce (K=1, X=16) and the impacts on existing design. If supported, K={1,2,4} is supported and the following applies
The samples in DFT domain are divided in X intervals, and the chunks (K=1) are located in the middle of each interval
(K=1, X=16) applies when NRB4<NRB NRB5, and Yx4 applies for NRB  NRB5

In this contribution, we provide some discussion on the remaining issues of PT-RS for CP-OFDM and DFT-s-OFDM waveform including association table definition, adaptive HARQ support, CSI feedback and PT-RS sequence.
2. PT-RS for CP-OFDM
2.1 Association table definition
It has been agreed that the threshold of the pre-defined table are the same before the UE receives the RRC configuration. Initially it is not easy to judge the phase noise model of each UE, and it is better that the PT-RS is always-on. Hence the default MCS threshold should be 0 and the default bandwidth threshold should be 1 RB. Further in the time domain table, the MCS=28 should be the upper threshold, since the MCS = {29, 30, 31} could have lower coding rate and modulation order.
Further, there are 2 MCS tables defined, there may be some MCS mismatch when determining the PT-RS pattern. The following two options can be used to solve this issue.
· Option 1: Define two PT-RS time domain density table
· Option 2: Reconfigure the MCS threshold when the MCS table is switched
In option 2, the MCS threshold should always be configured when the MCS table is switched, which may increase the control signalling overhead. Hence option 1 should be supported, with regard to signalling overhead reduction.
Proposal 1: In the association table, the default MCS threshold ptrs-MCS1 should be 0 and the default bandwidth threshold NRB0 should be 0 RB; in PT-RS time domain density table, ptrs-MCS4 should be 29.
Proposal 2: Two PT-RS time domain density tables should be defined with regard to 2 MCS tables.
The CFO and Doppler offset may also have impact on the pattern of PT-RS, which may change from time to time. Further, to support some other methods, such as MUST, where the MCS for the far UE cannot reflect the real modulation order, to dynamically configure the pattern should be necessary. In addition, for uplink, if the UCI is transmitted, the requirement of the link quality could be higher. Hence the density of the PT-RS could be large. Thus an MCS offset can be indicated in the DCI to dynamically adjust the PT-RS pattern.
Proposal 3: The MCS offset should be configured in DCI to support dynamical PT-RS pattern adjustment.
2.2 Adaptive HARQ Support
In adaptive HARQ, the gNB can change the modulation order by indicating the MCS = {29, 30, 31}. However the corresponding TB size or coding rate cannot be found in the MCS table. Hence it is not easy to find the PT-RS pattern according to the MCS to PT-RS time domain density table. One possible way is that the UE can estimate current MCS based on the modulation order and coding rate and find one closed MCS in the MCS table to determine the PT-RS pattern. Another possible way is that when PT-RS is used, the MCS = {29, 30, 31} should not be indicated in retransmission. This would bring in some scheduling limitation but could reduce the UE complexity.
Proposal 4: For adaptive HARQ, if PT-RS is present, the MCS={29, 30, 31} should not be configured.
2.3 CSI feedback for PT-RS antenna port association
It has been agreed that the UE can report the layer index for the gNB to determine the precoder. To achieve better performance, the gNB can apply the best precoder to the lowest DM-RS antenna port which is associated with the PT-RS antenna port. Then the Layer Indicator (LI) should be reported with other CSI. There are two ways to report the CSI: one is to be reported by PUCCH; the other is to be reported by PUSCH.
When CSI is reported by PUCCH, the CRI/RI/PMI/CQI can be coded independently with some potential paddings. Hence to report the LI, it can follow the same way that the CRI/RI/LI/PMI/CQI should be coded independently. When CSI is reported by PUSCH, the CSI can be divided into two parts: the first part includes RI and first CQI; the second part includes PMI and second CQI. Regarding the LI payload size should be determined by RI, and the requirement decoding accuracy for the first part should be the higher, it is better to report the LI with second PMI and second CQI. 
Proposal 5: For Layer Indicator (LI) reporting, when reported by PUCCH, the CRI/RI/LI/PMI/CQI should be coded independently; when reported by PUSCH, the LI should be reported in the second CSI part. 
3. PT-RS for DFT-s-OFDM
3.1 PT-RS Sequence
For DFT-s-OFDM waveform, the PT-RS is based on pi/2 BPSK with some boosting. Since the PT-RS should be transmitted associated with DM-RS, it is better that the PT-RS and DM-RS can share the same scramble ID. An OCC can also be applied to each PT-RS chunk. However this OCC cannot be used to distinguish different users, since the PT-RS is added before DFT and the phase compensation should be done after the MIMO equalizer. The OCC may be helpful for some interference randomization. So the OCC can be determined by scramble ID. 
Proposal 6: The PT-RS and DM-RS should share the same scramble ID.
Proposal 7: The OCC for each chunk should be at least determined by scramble ID.
3.2 UCI multiplexing
The UCI may be transmitted via PUSCH, which should have higher requirement of reliability than data. To increase the performance of UCI, it is better to multiplex the UCI closed to the chunk based PT-RS, so that the UCI can get better phase tracking performance. Figure 1 illustrates one possible way for the UCI multiplexing.


Figure 1: UCI multiplexing when PT-RS is used
Proposal 8: The UCI should be multiplexed to the symbols with PT-RS and it should be closed to each PT-RS chunk.
4. Conclusion
In this contribution, we provide some discussion on the PT-RS, and the following observations and proposals for CP-OFDM waveform have been achieved.
Proposal 1: In the association table, the default MCS threshold ptrs-MCS1 should be 0 and the default bandwidth threshold NRB0 should be 0 RB; in PT-RS time domain density table, ptrs-MCS4 should be 29.
Proposal 2: Two PT-RS time domain density tables should be defined with regard to 2 MCS tables.
Proposal 3: The MCS offset should be configured in DCI to support dynamical PT-RS pattern adjustment.
Proposal 4: For adaptive HARQ, if PT-RS is present, the MCS={29, 30, 31} should not be configured.
Proposal 5: For Layer Indicator (LI) reporting, when reported by PUCCH, the CRI/RI/LI/PMI/CQI should be coded independently; when reported by PUSCH, the LI should be reported in the second CSI part. 
Further, based on the above discussion, the following proposals for PT-RS for DFT-s-OFDM waveform have been achieved. 
Proposal 6: The PT-RS and DM-RS should share the same scramble ID.
Proposal 7: The OCC for each chunk should be at least determined by scramble ID.
Proposal 8: The UCI should be multiplexed to the symbols with PT-RS and it should be closed to each PT-RS chunk.
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