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Introduction
In RAN1#89 meeting, there were following agreements on PTRS [1]:
 Agreements:
· For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL 
· Confirm the following working assumption.
· Uplink PTRS for DFT-s-OFDM waveform is supported.
· Presence of PTRS for DFT-s-OFDM is UE-specifically configurable
· Multiple pattern/density of PTRS for DFT-s-OFDM is supported
· FFS: implicit or explicit signaling
· Working assumption: Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM.
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density
· For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group
· FFS: to support different subcarriers by complementary option  
· Support non-overlapping between PTRS and CSI-RS
· FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided
· Support non-overlapping between PTRS and SRS
· FFS whether PTRS or SRS should be punctured or shifted on overlapping part if PTRS and SRS are collided
· FFS: Support non-overlapping between PTRS and SS block
· FFS whether PTRS or SS block should be punctured or shifted on overlapping part if PTRS and SS block are collided
· For SU-MIMO, support predefined and RRC-configured association between PTRS densities and scheduled MCS/BW
· FFS: RRC configuration can override the predefined association 
· Table 1 in R1-1709521 to represent association between PTRS time density and scheduled MCS
· Table 2 in R1-1709521 to represent association between PTRS frequency density and scheduled BW
· Note: The number of rows in Table 1 and 2 can be reduced if the densities are down-selected
· FFS: UE to suggest MCS/BW thresholds in Table 1 and 2
· FFS: complementary DCI signaling 
· For CP-OFDM and the tables on next page, the time-densities (TD) of PTRS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PTRS include occupying one subcarrier (not necessarily in all REs, depending on the time density) in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]
· The time density of PTRS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).
· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)
· FFS: frequency localized mapping
· FFS: The frequency density of PTRS is expected to increase with increasing the scheduled MCS
· For a UE, the configured PTRS ports are FDMed
· FFS: TDM
· 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
· Study the benefits of configuring the number of PTRS ports for a UE, based on UE capability or UE report on
· Panels/TXRUs sharing a common oscillator or not, and/or
· Maximum number of independent oscillators at this UE, and/or
· Whether phase errors measured on PTRS ports are same or different
· For CP-OFDM,
· For SU-MIMO, dynamic presence of PTRS is determined by allocated MCS, BW, and subcarrier spacing
· FFS: For MU-MIMO case
· For SU-MIMO, time pattern of PTRS is determined by allocated MCS, and subcarrier spacing
· FFS: For MU-MIMO case
In this contribution, we further discuss PTRS issues including the aspects of the number of ports, pattern, resource location, sequence, related signaling and association with DMRS.
Discussion
The number of PTRS ports
· SU-MIMO
As shown in Figure 1, typical scheme of non-coherent joint transmission between two TPs is depicted. In this case, TP1 and TP2 transmit data to UE by different DMRS ports or DMRS port groups. To satisfy the requirements of non-coherent joint transmission, different QCL assumptions can be supported for different DMRS port groups which have been agreed. Considering different oscillator between two TPs, it is obvious to support multiple PTRS ports, where the number of PTRS ports is associated with the number of TRPs. 


[bookmark: _Ref477783844]Figure 1 Illustration of the NCJT
Similar with multi-TRP transmission, multi-panel transmission also needs multiple PTRS ports. If different layers are transmitted from different panels and separate oscillators are assumed among these panels, the maximum PTRS ports can be equal to the number of panels. Considering maximum of 8 panels may be supported in gNB, the maximum 8 orthogonal PTRS ports should be supported. Moreover, total 8 panels is possible even one gNB only has 4 panels when muti-TRP transmission is configured by one PDCCH. 
Proposal 1: Support maximum 8 orthogonal PTRS ports for single user. 
 
· MU-MIMO
As we know, phase noise is not only from gNB side, but also from UE side. In multi-user scheduling case, different phase rotations are often generated for different UEs even we assume single TRP or panel transmission. To reduce PTRS overhead, non-orthogonal or quasi-orthogonal PTRS ports can be used. However, interference cancellation among PTRS ports cannot be guaranteed if orthogonal PTRS ports are not supported. Specifically, 12 DMRS ports have been agreed, that means possible 12 UEs can be scheduled in same time/frequency resources, where one UE possibly requires one PTRS port. There is very high risk to multiplex so many PTRS ports without orthogonal ports. Since the total number of PTRS ports may depend on the number of co-scheduling users, MCS per user and so on, it is better to make total number of PTRS ports configurable, the total maximum number of orthogonal PTRS ports can be equal to the totally orthogonal DMRS ports.
Proposal 2: For MU-MIMO, support orthogonal PTRS ports, and the total maximum number of orthogonal PTRS ports can be equal to the total number of orthogonal DMRS ports
When a UE participates MU-scheduling and zero power PTRS should be considered in order to avoid serious intra-cell interference. As shown in Figure 2, a PTRS resource set can be semi-statically configured where different densities can be considered for different PTRS ports. 
In this PTRS resource set, PTRS port 1-4 is configured with full density in time domain, PTRS ports 5, 6 are configured with half density in time domain, and PTRS ports 7, 8 are not configured. If UE#1 is configured with one sharing PTRS port and configured with DMRS port 1 and 2, NZP PTRS of port 1 is implicitly informed to UE#1, the resources of other PTRS ports within the PTRS resource set are assumed to be ZP PTRS.
[image: ]
Figure 2 PTRS pattern with zero power for UE#1
For another UE#2 with DMRS port 3 which is configured with same PTRS resource set as UE#1, PTRS pattern is shown in Figure 3. 
[image: ]
Figure 3 PTRS pattern with zero power for UE#2
Proposal 3: For MU-scheduling, zero power PTRS should be introduced. Sharing PTRS resource set can be configured for MU-users.
To verify the interference issue among PTRS ports, we provide some simulation results as shown in Figure 4. Figure 4a is the simulation results based on the phase noise model of R1-1612335, and 4b is the simulation results based on phase noise model of R1-165005.In this simulation, we assume co-scheduling with 2 users where one user is allocated with one layer. We can see the total throughput is much degraded because of non-orthogonal PTRS ports. To be reasonable with link level simulation, we only show one of ten performance comparison, and the lowest channel correlation between two mu-users is selected wherein the selected channel correlation value is lower than 0.2. 
[image: ] [image: ]
4a  						4b
Figure 4 Performance comparisons of orthogonal PTRS ports and non-orthogonal ports
Furthermore, PTRS is usually as part of DMRS for demodulation, e.g. for high Doppler estimation. This means PTRS and DMRS can be jointly used for channel estimation. If only pure non-orthogonal ports among users are supported, the accuracy of channel estimation cannot be guaranteed. 
PTRS mapping 
In RAN1#89 meeting, it is agreed that RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density in order to avoid unnecessary signaling. For the same intention, one PTRS port can map on the predefined subcarrier within selected PRB. The subcarrier with the lowest index within the selected PRB can be considered for simplicity. 
However, because 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 described in Figure 5a, 4 port CSI-RS is configured on OFDM symbol#7, #8 and subcarrier#0, #1. In PRB#0, PTRS is collided with configured CSI-RS since PTRS is fixed on subcarrier#0. Consequently, the phase rotation of data in symbol#7, #8 cannot be compensated. 
Since there are some subcarriers which are not used for CSI-RS transmission on the symbol#7 and #8 which carry CSI-RS, PTRS can be mapped on these subcarriers in order to avoid collision between PTRS and CSI-RS as shown in Figure 5b. 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. 
[image: ]
(5a) PTRS maps on subcarrier with CSI-RS      (5b) PTRS maps on subcarrier without CSI-RS
Figure 5 Illustration of PTRS and CSI-RS
To compare the performance between mappings of Figure 5a and 5b, we provide some simulation results with CSI-RS is transmitted on every PRB as shown in Figure 6. It can be found that the phase noise compensation for data in CSI-RS symbols can introduce better performance than that without compensation. Other simulation results with CSI-RS is transmitted on every other PRB are shown in Figure 8 in Appendix.  And the results with 2 CSI-RS ports are shown in Figure 9.
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Figure 6 Performance comparisons
However, the collision between PTRS and CSI-RS cannot be avoided in some cases as shown in Figure 7 in 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.
[image: ]
Figure 7 Collisions between CSI-RS and PTRS. The similar situation exists between SRS and PTRS.
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 within the selected PRB and punctured in those CSI-RS symbols
In other words, gNB should avoid configuring CSI-RS resource which is overlapping with possible PTRS transmission. If any configured CSI-RS resource collides with PTRS, that means no data is transmitted because there may be no enough CSI-RS resource which is not overlapping with PTRS in the case. Therefore, PTRS should be punctured in the corresponding symbols where collision happens. 
Since it has been agreed that PTRS should map on subcarrier carrying DMRS, the proposal 4 should be limited within the subcarriers carry linked DMRS. In addition, zero power CSI-RS should be included in the proposal.
Sequence 
Similar with LTE DMRS sequence, different sequence, e.g. different nSCID can be used to achieve possible quasi-orthogonal PTRS ports. 
Proposal 5: Support multiplexing through multiple scrambling sequences for PTRS port(s).
For simplicity, PTRS sequence can use same sequence with corresponding DMRS in same subcarrier. Consequently, transmit signals for one PTRS port are same one for all OFDM symbols in one slot.
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.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of PTRS and we provide our views as following
Proposal 1: Support maximum 8 orthogonal PTRS ports for single user,. 
Proposal 2: For MU-MIMO, support orthogonal PTRS ports, and the maximum number of totally orthogonal PTRS ports can be equal to the totally orthogonal DMRS ports
Proposal 3: For MU-MIMO, support orthogonal PTRS ports, and the total maximum number of orthogonal PTRS ports can be equal to the total number of orthogonal DMRS ports.
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 within the selected PRB and punctured in those CSI-RS symbols.
Proposal 5: Support multiplexing through multiple scrambling sequences for PTRS port(s).
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.
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Appendix
Simulation assumption
	Parameter
	Value

	Channel Model
	CDL-A

	Transmission Slot 
	14 symbols

	UE speed
	3km/h

	Delay spread
	30 ns

	MCS
	64QAM,   Code Rate = 5/6
256QAM, Code Rate = 3/4

	Tx  Number
	2Tx  /8TX

	Rx  Number
	2Rx  

	PRB Number
	8 PRBs

	Phase noise model
	As proposed in R1-1612335 and R1-165005

	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 8  Results of CSI-RS with frequency density of every other PRB
[image: ]
Figure 9  Results of 2ports CSI-RS with frequency density of every PRB
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