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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The work item proposal “New WID on New Radio Access Technology” was approved in RAN plenary #75 [1]. In NR system, a variety of reference signals were proposed for different purposes, e.g., CSI-RS and SRS for CSI acquisition, DMRS for demodulation, PTRS for phase tracking, etc.
As its name indicates, PTRS is dedicated to estimate the phase noise, which is able to degrade the performance of the detection and equalization at the receiver, especially in high order modulation cases. What is more, the impact of the phase noise increases as the carrier frequency grows. For NR systems, especially the ones operating at high frequency bands, e.g., million meter wave (mmWave), high-precision estimation of the phase noise is expected.
Due to the significance of phase noise estimation in the detection and equalization, PTRS related issues have been intensively discussed in the previous meetings. Concerning PTRS, following agreements were achieved in RAN1 NR Ad Hoc #3 meeting [2].
Agreement:
For both contiguous and non-contiguous scheduling for the purposes of selecting RBs for mapping PTRS for CP-OFDM: 
· N_RB is interpreted as the number of scheduled RBs
· The scheduled RBs are indexed as 0 to N_RB-1 from the one with lowest PRB index to the one with highest PRB index
The same PT-RS frequency density table is used for contiguous and non-contiguous scheduling where N_RB is the scheduled BW.

Agreement:
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15
· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, consider further these alternatives until Wednesday: 
· Alt.1 Fixed to smallest subcarrier index k 
· Alt.2 Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signalling. 
· Alt.3a Implicitly given by Cell ID 
· Alt.3b Implicitly given by another UE specific parameter (DMRS/PT-RS scrambling ID (if defined), C-RNTI,…)
· Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule 
Agreement:
For mapping of PT-RS to RBs among the scheduled RBs for DL and UL: The no RB offset (=0, PT-RS is present in the scheduled RB with lowest RB index and then follows the pattern according to the PT-RS freq. density) is the default value if supported. Down-selection among the following alternatives in RAN1#90bis:
· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15
· Alt.2: RB offset is determined based on UE-specific configuration
· FFS default RB offset is needed
· FFS the RB offset is explicitly signaled via higher layer signaling or implicitly determined based on the UE specifically configured parameter (e.g., C-RNTI, SCID) 
· Companies are encouraged to provide evaluation results for next meeting to assess whether higher layer configuration of RB offset is beneficial for interference randomization
Agreement:
· For chunk-based pre-DFT PTRS insertion for DFTsOFDM, support the following
· The supported values for K (chunk size) are 2 and 4
· Implicit configuration depending on MCS/BW
· The supported values for X (number of chunks/DFTsOFDM symbol) are at least 2 and 4
· X implicitly depends on allocated bandwidth and/or MCS and/or K value
· Implicit configuration can be subcarrier spacing dependent
· FFS if K=1 is also supported and exact mechanism
· When X=2 is configured, downselect among the following:
· Alt. 1: chunks are placed head/tail of DFTsOFDM symbols containing PTRS
· Alt. 2: chunks are placed middle/tail of the  DFTsOFDM symbols containing PTRS
· Alt. 3: chunks are placed head/middle of the  DFTsOFDM symbols containing PTRS
· Alt. 4: chunks are placed middle of each of the X equally-sized parts of the  DFTsOFDM symbols containing PTRS
· For PTRS sequence, downselect from the following options:
·  Option 1:
· pi/2 BPSK PTRS is used for pi/2 BPSK PUSCH
· [FFS] PTRS sequence consists of the outermost points of the PUSCH constellation
· Option 2
· Reuse the same sequence as PTRS or DMRS sequence for UL CP-OFDM
· FFS: Time-domain PTRS density reduction is supported at least for allocated bands below N RB and/or some MCS
· Time-domain pattern depends on DM-RS positions (DFTsOFDM positions near DMRS do not contain PTRS)
· FFS: N value
· FFS: every other DFTsOFDM symbol not neighbouring DM-RS positions does not contain PTRS
· For RB allocation larger than N, PTRS density reduction is configured by RRC

In this document, the remaining issues relating to PTRS are discussed in detail.
Note: This contribution is revised from R1-1715624 [3].
2. Discussion
Just as its name indicates, PTRS is proposed to estimate the phase noise before data detection. Considering the fact that phase noise is produced by the impairment of oscillator, PTRS can be transmitted in a per-oscillator other than per-DMRS-port way, i.e., each PTRS port is associated to a DMRS port group. For accurate phase noise estimation, a PTRS is expected to be transmitted over the component DMRS port with best transmission condition in the group.
According to the discussion on subcarrier mapping in the last meeting, the PTRS can be fixed to the smallest subcarrier index (Alt. 1); or fixed to the largest subcarrier index by default and can be overridden by higher layer signaling (Alt. 2); or implicitly indicated by cell ID (Alt. 3a) or other UE-specific parameter(s) (Alt. 3b), or mapped to a DMRS port index-specific subcarrier (Alt. 4). In light of the agreements achieved that PTRS will be punctured if it collides with CSI-RS, the collision should be avoided as much as possible. To this end, it is preferred to map the PTRS to a fixed subcarrier within the belonging PRB, e.g., the DMRS subcarrier with smallest index, a.k.a. Alt. 1. In this way, CSI-RS is aware of the PTRS subcarrier when it is transmitted.
[bookmark: _Ref494385552]Proposal 1
· For the subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, support to fix it to the smallest subcarrier index.
It has been agreed that PTRS is only mapped to the scheduled RB’s with a certain density in the frequency domain regardless of contiguous and non-contiguous RB assignment. To determine the exact RB indices for PTRS mapping, the RB offset is indispensable. Concerning the RB offset, different companies have different preferences: some ones prefer fixed values (Alt. 1), while others favor variable offsets which can be explicitly signaled via higher layer signaling or implicitly indicated by UE specific parameters (Alt. 2). In fact, irrespective of contiguous or non-contiguous RB assignment, the RB’s scheduled together with the starting RB (i.e., the one with smallest RB index) are completely random. Moreover, the RB allocation is different from one UE to another, and the scheduling decisions are made independently across different gNB’s. Consequently, variable RB offset will not provide any additional performance benefits over the fixed RB offset. In a word, fixed RB offset can produce similar performance to the configurable RB offset. What is more, fixed RB offset is simple and signaling free. Hence, fixed RB offset (Alt. 1) should be supported.
Proposal 2
· Support fixed RB offset for PTRS mapping.
For DFT-S-OFDM waveform, chunk-based pre-DFT insertion is agreed for PTRS mapping. The chunk size can be 2 or 4. Considering the fact that higher MCS level implies higher SINR, we can conclude that the effective SINR is relatively higher than the average once PTRS is transmitted.
Given a fixed number of chunks, the performance of phase noise estimation will be improved as the chunk size grows. However, the performance growth will enter a saturation state. In higher SINR case, larger chunk could not yield so remarkable performance gain over that of smaller chunk as in lower SINR case, i.e., the performance gain of larger chunk size over smaller chunk size decreases as the SINR increases. Conditioned on the same PTRS overhead, chunk size of K=1 has the smallest inter-chunk spacing and the largest spanning in the time domain. In the presence of bursty interference, chunk size of K=1 could give rise to more robust performance than K=2 or 4. In this sense, K = 1 can also be supported.
[bookmark: _Ref494385506]Observation 1
· The phase noise estimation performance gain of larger chunk size over smaller chunk size decreases as the SINR increases.
· In the presence of bursty interference, chunk size of K=1 could give rise to more robust performance than K=2 or 4.
Proposal 3
· Also support chunk size of 1 for PTRS mapping for DFT-S-OFDM waveform.
Regarding the pre-DFT insertion of PTRS for DFT-S-OFDM, the exact position of each chunk must be determined. When two chunks are configured, i.e., X=2, there are totally 4 candidate solutions: place the chunks in the head/tail (Alt. 1) or the middle/tail (Alt. 2) or the head/middle (Alt. 3) or the middle of each of the X (=2) equally-sized parts of each DFT-S-OFDM symbols containing PTRS. From the performance perspective, Alt. 1 performs worst due to the largest span between the two chunks. Alt. 2, 3, 4 have identical inter-chunk spacing and each of them can perform interpolation across two adjacent symbols, i.e., Alt. 2, 3, 4 present the same performance better than Alt. 1. For this reason, Alt. 1 should be precluded first and additional study and assessment are needed for the further down selection.
Proposal 4
· When X=2 is configured, the chunk placement at head/tail of each DFT-S-OFDM symbol containing PTRS should be precluded first and additional study and assessment are needed for the further down selection.
For the sequence of PTRS, from a UE point of view, a unified sequence design for CP-OFDM and DFT-S-OFDM is expected. The sequence for CP-OFDM can also be reused for DFT-S-OFDM case. Since PTRS symbols are inserted in time domain before DFT, a mapping rule between the symbol index in the generated sequence and the exact position of each PTRS sample is required.
Proposal 5
· Reuse the same sequence as PTRS sequence for UL CP-OFDM.
· A mapping rule between the symbol index in the generated sequence and the exact position of each PTRS sample is required.
According to the discussions on PTRS before, the densities of PTRS in the time domain and frequency domain are implicitly indicated by the MCS adopted and the bandwidth scheduled, respectively. In light of the property of phase noise, PTRS is needed only when higher order modulation schemes are utilized. For lower order modulation schemes, PTRS is not necessary and consequently should not be transmitted. In other words, the presence of PTRS should be determined by the employed MCS level, irrespective of the RB number scheduled. When the selected MCS is lower than a threshold, regardless of the density in the frequency domain indicated, PTRS should not be transmitted. Otherwise, the unnecessary but transmitted PTRS will bring about additional overhead.
Proposal 6
· When the selected MCS is lower than a threshold, regardless of the density in the frequency domain indicated, PTRS should not be transmitted.
3. Conclusion
In this contribution, the PTRS related issues were discussed in detail. Based on the discussion, we have following observations and proposals.
Observation 1
· The phase noise estimation performance gain of larger chunk size over smaller chunk size decreases as the SINR increases.
· In the presence of bursty interference, chunk size of K=1 could give rise to more robust performance than K=2 or 4.
Proposal 1
· For the subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, support to fix it to the smallest subcarrier index.
Proposal 2
· Support fixed RB offset for PTRS mapping.
Proposal 3
· Also support chunk size of 1 for PTRS mapping for DFT-S-OFDM waveform.
Proposal 4
· When X=2 is configured, the chunk placement at head/tail of each DFT-S-OFDM symbol containing PTRS should be precluded first and additional study and assessment are needed for the further down selection.
Proposal 5
· Reuse the same sequence as PTRS sequence for UL CP-OFDM.
· A mapping rule between the symbol index in the generated sequence and the exact position of each PTRS sample is required.
Proposal 6
· When the selected MCS is lower than a threshold, regardless of the density in the frequency domain indicated, PTRS should not be transmitted.
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