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Introduction
In RAN1#Ad-Hoc #2 meeting, there were following agreements on PTRS [1]:
 Agreements#1:
· 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
· [bookmark: OLE_LINK4][bookmark: OLE_LINK1]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#2:
· 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#3:
· 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#4:
· Study further how to handle PT-RS collision with CSI-RS
Agreements#5:
· 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
· [bookmark: OLE_LINK14]To continue study to finalize the PT-RS density tables w.r.t. to MCS and scheduled bandwidth
In this contribution, we further discuss PTRS issues including Pre-DFT and Post-DFT PTRS for DFT-S-OFDM and PTRS for CP-OFDM.
Discussion
2.1  PTRS for CP-OFDM
· [bookmark: OLE_LINK8]PTRS port number for DL
Currently, one PTRS port was agreed for one DMRS port group as described in Agreements#1 in section 1. Meanwhile, the definition of DMRS port group was also mentioned in QCL related agreements as following 
Agreements in NR Ad-Hoc#1:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.

Agreements in RAN1#89 meeting:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
Based on these agreements, we can find the DMRS port group in QCL session is not exactly same as the DMRS port group associated with one PTRS port.  In the first type of DMRS port group, all DMRS ports are QCLed with all QCL parameters, i.e. {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}. However, the QCL relation among DMRS ports in the second type of DMRS port group is looser since sharing one PTRS port only needs these DMRS ports are QCLed with partial QCL parameters, i.e.  {Doppler spread, Doppler shift }.
Observation 1: Two types of DMRS port group should be clarified 
· Type 1: all DMRS ports in the group are QCLed w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}
· Type 2: all DMRS ports in the group share one PTRS port and are QCLed w.r.t  {Doppler spread, Doppler shift}
In consequence, it is clear that one type 2 group can be composed of 1 or more type 1 groups. Therefore, the maximum number of PTRS ports is equal to the maximum number of type 1 groups, and the real number of PTRS ports should depend on if these multiple type 1 groups are from same TRP or oscillator. 
Once the maximum number of type 1 groups is determined to one UE, e.g. configured by RRC signaling,   QCL information will be indicated for each of type 1 DMRS port group. And then UE can get QCL information of those DMRS port groups. If those type 1 groups are from different TRPs, each of them should be allocated with one separate PTRS port. In this case, type 1 group is same as type 2 group. However, if those type 1 groups are from same TRP and share one oscillator, one sharing PTRS port is enough to save PTRS overhead. In this case, those type 1 DMRS groups may be from different  beams, they are not QCLed with all QCL parameters, but QCLed at least with {Doppler spread, Doppler shift}. 
Therefore, it is obvious to inform the number of PTRS ports by QCL related signaling in order to reduce DCI overhead. For simplicity, PTRS index can be configured together with QCL information for each type 1 DMRS group. 
Proposal 1: PTRS port number should be configured by QCL related signaling for DL. 

· PTRS port number for UL
For UL, although there may not be QCL signaling for PUSCH transmission, UL transmit beam information should be indicated to UE by SRI(s) wherein one SRI links one SRS resource and corresponds to one UL transmit beam. If only single SRI is informed to UE, a single PTRS port is enough since all UL DMRS ports correspond to one beam which should be from one panel or multiple panel with same oscillator. However, if multiple SRIs are informed to UE, the corresponding UL beams may be from same antenna panel or different panels. In this case, configured SRS resources can be grouped into one or more SRS resource sets, and each resource set corresponds to one PTRS port. Based on this method, explicit signaling in DCI to inform the number of PTRS port or PTRS port index is unnecessary.
Proposal 2: PTRS port number should be informed by SRI signaling for UL. 
· PTRS density
[bookmark: OLE_LINK6]As agreed in RAN1 NR Ad-Hoc#2 meeting, PTRS density is configured according to MCS and BW, i.e. high level MCS and small BW may need high density PTRS. Considering a high level MCS and small BW scenario, time domain density of PTRS can be configured as every OFDM symbol, and frequency domain density can be configured as every other PRB.  If 4 or more orthogonal PTRS ports are configured to one UE, the PTRS overhead will become very high which leaves fewer resources for data transmission. 
As shown in Figure 1, 8 orthogonal PTRS ports are configured to a single user. To reduce PTRS overhead in such scenario, full density PTRS should not be configured in the time domain even MCS is very high, . So the density of PTRS should be configured depending on the number of PTRS ports in addition to MCS and BW..


Figure 1 PTRS pattern
[bookmark: OLE_LINK19]Proposal 3: PTRS density should be associated with MCS, BW and the number of configured PTRS ports if 4 or more orthogonal PTRS ports are supported. 
· [bookmark: OLE_LINK22][bookmark: OLE_LINK7]PTRS  RE mapping
In RAN1 NR Ad-Hoc #2 meeting, it was agreed to  study further how to handle PT-RS collision with CSI-RS. As CSI-RS resource is configured semi-statically, collision between PTRS and CSI-RS may not be avoided if the subcarrier carrying PTRS is predefined on the subcarrier with the lowest index as shown in Figure 2a. Since there are some subcarriers which are not used for CSI-RS transmission on the symbol which carry CSI-RS, PTRS can be mapped on these subcarriers in order to avoid collision between PTRS and CSI-RS. Consequently, we propose that PTRS port maps on the subcarrier with lowest index within those subcarriers without carrying CSI-RS if CSI-RS and data can be transmitted simultaneously as shown in Figure 2b. 



(2a) PTRS maps on subcarrier with CSI-RS                          (2b) PTRS maps on subcarrier without CSI-RS
Figure 2 Illustration of PTRS and CSI-RS
To compare the performance between mappings of Figure 2a and 2b, we provide some simulation results with CSI-RS transmitted on every PRB as shown in Figure 3. It can be found that the phase noise compensation for data in CSI-RS symbols can introduce better performance than that without compensation. More simulation results can be found in the appendix.
[image: ]
Figure 3 simulation comparison results 
However, the collision between PTRS and CSI-RS cannot be avoided in some cases  which CSI-RS are transmitted in the whole symbols. In this case, PTRS should be punctured on the overlapping part. Therefore, we propose that the PTRS port maps on the subcarrier with lowest index within the selected PRB as shown if Figure 4.


Figure 4 Collisions between CSI-RS and PTRS. The similar situation exists between SRS and PTRS.
[bookmark: OLE_LINK5]Proposal 4: If data and CSI-RS can be transmitted in same OFDM symbol(s), PTRS port should map on the subcarrier with the lowest index within those subcarriers without carrying CSI-RS. If there is no data transmission in CSI-RS symbol(s), PTRS should map on the subcarrier with lowest index and be punctured in those CSI-RS symbols
· PTRS  port mapping
[bookmark: OLE_LINK20]As described in Agreements#1 in section 1, two alternatives were proposed. In Alt.1, the lowest DMRS port in the DL DMRS port group is always associated with the PTRS port, the standard effort is saved. However, as SNR may be different among these DM-RS ports across multiple PRBs. To achieve diversity gain, we support Alt.2 that one DL PT-RS port is associated with one DL DM-RS port in  the DL DM-RS port group in a RB, where the one DL DM-RS port should vary across RBs.
[bookmark: OLE_LINK18] Proposal 5: One DL PT-RS port is associated with one DL DM-RS port in  the DL DM-RS port group in a RB, where the one DL DM-RS port should vary across RBs.
· Sequence 
Since PTRS is UE specific and orthogonality among PTRS ports of MU-users is unnecessary, the sequence length can be equal to the number of PTRS REs which at least is associated with MCS and scheduled bandwidth. 
· Association with A/N timing
As we know, front loaded DMRS is mainly for fast demodulation. In other words, if the A/N timing gap between data transmission and ACK/NACK feedback is small, e.g. within the same slot, DMRS should be configured with front loaded pattern only. However, when PTRS is configured, UE also need to demodulate PTRS which is transmitted in the whole slot, and it will delay data demodulation. In order to guarantee self-contained slot structure, PTRS should not be transmitted or should be truncated if A/N timing gap is very small, the corresponding REs can be used to transmitted data to increase system capacity. 
Proposal 6: Support association between PTRS transmission in time domain and A/N timing.
· Presence of PTRS signaling
As we know, it has been agreed to use RRC signaling to semi-statically indicate the presence of PTRS. However, it is not clear whether joint or separate indication is used for DL and UL. When phase noise exists in any one side of gNB and UE, the presence of PTRS should be indicated. In other words, when phase noise exists in transmit side, it also exists in receiver. Consequently, we propose that one RRC signaling is used to indicate the presence of PTRS for both UL and DL.
Proposal 7: Support common RRC signaling to indicate the presence of PTRS for both UL and DL.
2.2  Pre-DFT and Post-DFT PTRS for DFT-S-OFDM
As discussed in RAN1 Ad-Hoc #2 meeting, Pre-DFT and Post-DFT PTRS is under consideration in the DFT-S-OFDM scenario, but both of these two methods have their own pros and cons. Pre-DFT PTRS can preserve low PAPR, but it increases UE complexity since PTRS is mixed with data after DFT. The compensation is done in the time domain, but channel estimation is done in the  frequency domain.  This can potentially cause degradation on phase noise or Doppler shift compensation if UE has the same level of complexity is assumed compared to Post-DFT-PTRS.  In contrast, Post-DFT PTRS can potentially achieve better phase compensation with reasonable level of complexity. On the other hand, it has higher PAPR. If we configure either Pre-DFT PTRS or Post-DFT PTRS in the high level MCS scenario,  high density PTRS should be inserted and the cons of those two methods would be more obvious.High density of Pre-DFT PTRS means more  PTRS  are  mixed with data after DFT. So the degradation is more obvious in phase noise and Doppler shift compensation if UE has the same level of complexity is assumed compared to Post-DFT-PTRS. High density of Post-DFT PTRS may lead to higher PAPR.
[bookmark: _GoBack]As shown in Figure 5, we propose to use both lower density Pre-DFT and Post-DFT PTRS in  DFT-S-OFDM communication system instead of high density Pre-DFT or Post-DFT PTRS. Lower density of PTRS can reduce the impact caused by high density Pre-DFT or Post-DFT PTRS, i.e.lower density of Pre-DFT PTRS can reduce the number of symbols which is mixed  by PTRS and data after DFT, and PAPR which is caused by Post-DFT PTRS.


Figure 5 Pre-DFT and Post-DFT PTRS
Proposal 8: UE using DFT-S-OFDM waveform should support Pre-DFT PTRS and Post-DFT PTRS.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we focused on the discussion of PTRS and we provide our views as following
Proposal 1: PTRS port number should be configured by QCL related signaling for DL. 
Proposal 2:  PTRS port number should be informed by SRI signaling for UL. 
Proposal 3: PTRS density should be associated with MCS, BW and the number of configured PTRS ports if 4 or more orthogonal PTRS ports are supported. 
Proposal 4: If data and CSI-RS can be transmitted in same OFDM symbol(s), PTRS port should map on the subcarrier with the lowest index within those subcarriers without carrying CSI-RS. If there is no data transmission in CSI-RS symbol(s), PTRS should map on the subcarrier with lowest index and be punctured in those CSI-RS symbols
Proposal 5:One DL PT-RS port is associated with one DL DM-RS port in  the DL DM-RS port group in a RB, where the one DL DM-RS port should vary across RBs.
Proposal 6: Support association between PTRS transmission in time domain and A/N timing.
Proposal 7: Support common RRC signaling to indicate the presence of PTRS for both UL and DL.
Proposal 8: UE using DFT-S-OFDM waveform should support Pre-DFT PTRS and Post-DFT PTRS.
References
[1] [bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK15]3GPP RAN1NR Ad-Hoc#2 meeting Chairman Notes
Appendix
Simulation assumption
	Parameter
	Value

	Channel Model
	CDL-A

	Transmission Slot 
	14 symbols

	UE speed
	3km/h

	Delay spread
	30 ns

	MCS
	256QAM, Code Rate = 3/4

	Tx  Number
	8TX

	Rx  Number
	2Rx  

	PRB Number
	8 PRBs

	Phase noise model
	As proposed in R1-1612335 

	Channel estimation
	Practical 2DMMSE channel estimation with front -loaded DMRS pattern

	PTRS density
	Frequency Domain ： 1 PTRS in every and every other PRBs
Time Domain： 1PTRS in Every OFDM Symbol
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Figure 6  Results of 2ports CSI-RS with frequency density of every PRB
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