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Introduction
In RAN1 NR ad-hoc#3 meeting, there were following agreements on PTRS [1]:
 Agreements:
· 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 
In this contribution, we further discuss remaining issues of PTRS for CP-OFDM.
Discussion
· [bookmark: OLE_LINK8]Clarification on DL DMRS group
Currently, one PTRS port has been agreed for one DMRS port group in PTRS session. Meanwhile, the definition of DMRS port group was also mentioned in QCL related agreements as follows
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 the 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 }.
[bookmark: OLE_LINK14]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 but not necessarily to be QCLed w.r.t all QCL parameters.
Based on observation 1, it is clear that the DMRS group which is discussed in PTRS session should be type 2 DMRS group. As described in agreement of section 1, it has been agreed that the maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH. In other words, the scheduled number of PTRS ports is no more than the number of type 1 DMRS groups i.e. there can be 0, 1 or 2 PTRS ports. When the number of PTRS ports is less than the number of type 1 DMRS groups, one PTRS port should be shared between two type 1 DMRS groups. More analysis and simulation results can be found in the appendix 1.
· Number of PTRS ports for UL
Since maximum 2 PTRS ports have been agreed for DL, it is straightforward to support maximum 2 UL PTRS ports because phase noise exists in both gNB side and UE side. As shown in Figure 1, two PTRS ports should be supported if phase noise error is independent between the two panels of UE. It is noted that two Rx beams can be digital precoders or analog beams.
[image: ]
Figure 1 Illustration of requirement of 2 PTRS ports
[bookmark: OLE_LINK5][bookmark: OLE_LINK19]Proposal 1: Support 2 UL PTRS ports per UE. 
[bookmark: OLE_LINK21]We provide our analysis in appendix 2 to show that how to configure the number of PTRS ports is related to multiple receive panels in gNB side. 
· PTRS density in the frequency domain
In the working assumption of section 1, the specific values in the table are not decided yet. Here we provide simulation results based on 1 scheduled PRB, 2 PRBs and 4 PRBs with different frequency densities. As shown in Figure 2, PTRS in each PRB always provides best performance.  
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Figure 2a 1PRB					Figure 2b 2PRBs
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Figure 2c 4PRBs
[bookmark: OLE_LINK9][bookmark: OLE_LINK4]Figure 2 performance comparisons for different PTRS densities
[bookmark: OLE_LINK22]Proposal 2: In the default frequency density table, support density 1 when the number of scheduled PRBs is smaller than 5. 
· PTRS density in the time domain
In previous meetings, some companies proposed to support sparse PTRS for QPSK modulation of PDSCH/PUSCH. However, we don’t see any performance loss for introducing phase noise on such low modulation order.
[image: ]
Figure 3 performance comparisons for QPSK modulation
Proposal 3: Support no PTRS for QPSK in the default table.  
· [bookmark: OLE_LINK7]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. 
[bookmark: OLE_LINK23]Proposal 4: Support association between PTRS transmission in time domain and A/N timing.
· Zero power PTRS
Since PTRS can also be used for joint channel estimation with DMRS, zero power PTRS should be supported in order to avoid serious intra-cell or inter-cell interference. 
[bookmark: OLE_LINK24]Proposal 5: Support zero power PTRS.
· UE feedback assistance 
For DL transmission, one PTRS port should be associated with one DMRS port within a DMRS group. Since gNB may have no information on channel condition of these DMRS ports, it is beneficial to feedback UCI to carry the indication on the layer with largest SINR for potential PTRS transmission. Therefore, we propose 
Proposal 6: Support UE feedback to indicate the layer with the largest SINR.
Since some information on UE side are very helpful for gNB to decide the number of PTRS ports for both DL and UL, e.g. the number of oscillators, whether sharing oscillator  among multiple panels, we also support UE feedback of required maximum number of PTRS ports in order to facilitate the PTRS port configuration.
Proposal 7: NR support UE assistance of required maximum number of PTRS ports.  
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of PTRS and we provide our views as following:
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 but not necessarily to be QCLed w.r.t all QCL parameters.
Proposal 1: Support 2 UL PTRS ports for single UE.
Proposal 2: In the default frequency density table, support density 1 when the number of scheduled PRBs is smaller than 5. 
Proposal 3: Support no PTRS for QPSK in the default table.  
Proposal 4: Support association between PTRS transmission in time domain and A/N timing.
Proposal 5: Support zero power PTRS.
Proposal 6: Support UE feedback to indicate the layer with the largest SINR.
Proposal 7: NR support UE assistance of required maximum number of PTRS ports.
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Appendix 1
Here we provide some use cases in which multiple type 1 groups can share the same PTRS port. 
[image: ]       [image: ]      [image: ]
case 1                                              case 2                                                       case 3
Figure 4 Illustration of multi beams/panels transmission
In case 1, two DMRS type 1 groups are transmitted with two beams from one panel, and it is obvious that two Tx beams and two Rx beams share the same oscillator respectively. Since two type 1 DMRS groups share the same oscillator, the same PTRS port can be shared for those two type 1 DMRS groups. In case 2, if two panels share the same oscillator or phase noise is not serious on gNB side, it can be thought as an extension of case 1. In case 3, since two Rx beams are from separate panels, the two DMRS type1 groups can be QCLed w.r.t {Doppler spread, Doppler shift}, especially when UE is at low speed. Phase noise estimation result can still be shared if the two Rx panels sharing one oscillator.
In order to verify the performance of PTRS sharing, we provide some simulation results based on the case 3 where two different DMRS type 1 groups are from separate panels but share the same oscillator. As shown in Figure 5a, 5b and 5c for PTRS frequency density 1, 1/2, and 1/4 respectively, the performance of one PTRS port is always better than two PTRS ports since it can save PTRS overhead. 
[image: ][image: ]
Figure 5a  D=1                                                             Figure 5b  D=1/2
[image: ]
Figure 5c D=1/4
Figure 5 Performance comparisons for 1 port and 2 port PTRS

Simulation assumption
	Parameter
	Value

	Channel Model
	CDL-A

	Transmission Slot 
	14 symbols

	UE speed
	3km/h

	Delay spread
	30 ns

	MCS
	64QAM,QPSK, Code Rate = 3/4

	Tx  Number
	2TX

	Rx  Number
	2Rx  

	PRB Number
	8 PRBs/2 PRBs/1 PRB

	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 , every other and every four  PRBs
Time Domain： 1PTRS in Every OFDM Symbol

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ
For the simplified antenna configuration: 
(M,N,P,Mg,Ng) = (4,8,1,1,1). (dV,dH) = (0.5, 0.5)λ.

	BS antenna element radiation pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ.
Θmg,ng=90; 



In 
Appendix 2
In our view, there are two methods to dynamically indicate the number of PTRS ports if more than 1 PTRS ports are needed for a single UE. 
· Alt.1: 1 extra bit DCI signaling.
· Alt.2: implicit indication
It is obvious Alt.2 is better if it can work since DCI overhead can be saved. 
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 panels with the same oscillator. However, if multiple SRIs are informed to UE, the corresponding UL beams may be from the 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 not required.
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