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Introduction
In RAN1 NR Ad-hoc#2 meeting and RAN1#90 meeting, the following agreements on phase tracking RS have been achieved:

Agreements:
· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS
· Down-selection among the following for CP-OFDM DL & UL for PTRS:
· Opt-1: a single association table pair per subcarrier spacing 
· Opt-2: UE recommends the preferred thresholds in tables and/or gNB to update/confirm
· Opt-3: multiple association tables for each subcarrier spacing, to reflect different phase noise models resulting from different carrier frequencies, subcarrier spacings, UE implementations
· Opt-4: a single association table pair per subcarrier spacing based on UE capability

Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)
· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.
· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS

In RAN1 NR#3 meeting, it was further agreed that:
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 

This contribution provides our views on the remaining issues of PT-RS configurations for CP-OFDM waveform.
Discussion
In NR, 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. Based on our understanding, one potential association is that the PT-RS port is applied same precoder as for one of the DMRS ports (associated DMRS port) within the port group, and then being mapped to one subcarrier carrying the DMRS port within a PRB. From the agreements in previous meeting, for 1 CW, the PT-RS port association belongs to the fixed association rule, where the associated DMRS port is the one with the lowest port index within the port group. Without additional signaling assistance, such association implies that the SNR of the DMRS port has marginal impact on phase tracking accuracy. For 2 CW case, it should be noted that MCS of each CW only reflects the average SNR of those DMRS ports assigned to that CW. In other words, it could not guarantee SNR of lowest indexed DMRS port assigned to the CW with higher MCS is better than SNR of any DMRS port assigned to the CW with lower MCS. In this way, Alt.1 seems ineffective to ensure a high SNR level for the PT-RS port. With the similar considerations as1 CW case, we prefer to support Alt.2 for 2 CW case.
Proposal:
· For 2 CW case, the PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs).
In NR RAN1#89 meeting, a pair of table was agreed to describe the PT-RS densities in time and frequency. Table 1 represents association between PT-RS time density and scheduled MCS, while association between PT-RS frequency density and scheduled BW is given in Table 2 [1]. Moreover, the association could be predefined which can be RRC-configured. In the last meeting, four table pair design options were proposed. The main target is to provide appropriate MCS/BW thresholds considering various gNB/UE implementations and forward compatibility. For Opt-2 and Opt-4, UE is required to suggest the thresholds with additional signaling, which increases the specification effort and the benefit is not quite clear. For Opt-3, even with multiple association table pairs for each subcarrier spacing, the appropriate thresholds may not be obtained because the realistic phase noise may deviate from those phase noise models defined in [2]. Therefore, we propose to select Opt-1, where a single association table pair per subcarrier spacing is used. The predefined association table pair could be generated based on the compromise of several phase noise models. In addition, gNB may adaptively configure the MCS/BW thresholds based on the ACK/NACK information or other system performance related information acquired at gNB side.
Table 1 PT-RS time density
	Scheduled MCS 
	Time density 

	0 <= MCS < MCS1 
	No PTRS 

	MCS1 <= MCS < MCS2 
	TD1 

	MCS2 <= MCS < MCS3 
	TD2 

	MCS3 <= MCS < MCS4 
	TD3 



Table 2 PT-RS frequency density
	Scheduled BW 
	Frequency density 

	0 <= NRB < NRB1 
	No PTRS 

	NRB1 <= NRB < NRB2 
	FD1 

	NRB2 <= NRB < NRB3 
	FD2 

	NRB3 <= NRB < NRB4 
	FD3 

	NRB4 <= NRB < NRB5 
	FD4 

	NRB5 <= NRB 
	FD5 



Proposal:
· A single association table pair per subcarrier spacing (Opt-1) is preferred, unless significant performance gain is shown with other options.
PT-RS should be mapped to the subcarrier carrying its associated DMRS port. In the case of MU-MIMO, it is possible that the assigned DMRS ports for different UEs may occupy the same subcarriers. Taking Figure 1 as an example, assume DMRS port#0 is configured for UE#1, and DMRS port#1 is configured for UE#2. According to the agreement, the same PT-RS port is configured for both UE#1 and UE#2. If such PT-RS is mapped on the same subcarrier for both UEs, larger PT-RS interference would occur. In the last meeting, four alternatives have been proposed for PT-RS mapping on subcarrier. For Alt.2, the default subcarrier is fixed to largest subcarrier index. Using an additional subcarrier offset parameter, other subcarriers could be configured. As shown in Figure 1, for UE#1, the subcarrier offset value is set to be 0, while for UE#2, the subcarrier offset value is set to be 2. In this way, the PT-RS interference could be reduced. Similarly, if each DMRS port maps PT-RS to a different subcarrier (Alt.4), e.g. subcarrier 11 for DMRS port#0 and subcarrier 9 for DMRS port#1, the PT-RS interference problem could also be resolved. For comparison, Alt.2 is more flexible than Alt.4, with larger signaling overhead.
[image: ]
Figure 1: PT-RS mapping for MU-MIMO

Proposal:
· For PT-RS mapping on subcarrier, either of the two alternatives could be supported:
· Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signaling (Alt.2). 
· Each DMRS port maps PT-RS to a different subcarrier by a specified rule (Alt.4). 
Conclusions
In this contribution, we provide our considerations on PT-RS design for CP-OFDM waveform. PT-RS association, PT-RS density table pair design and PT-RS mapping on subcarrier are discussed, respectively. We have the following proposals:

Proposals:
· For 2 CW case, the PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs).
· A single association table pair per subcarrier spacing (Opt-1) is preferred, unless significant performance gain is shown with other options.
· For PT-RS mapping on subcarrier, either of the two alternatives could be supported:
· Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signaling (Alt.2). 
· Each DMRS port maps PT-RS to a different subcarrier by a specified rule (Alt.4). 
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