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1 Introduction
NR supports higher carrier frequencies. Especially in millimeter-wave, impact of the phase noise (PN) is larger than in sub-6GHz. To estimate and correct common phase error (CPE) at the receiver, reference signal for phase tracking (PT-RS) is agreed in addition to DMRS [1]. The followings are agreements on RAN1 NR AH meeting [2],

Agreement

· Regarding PT-RS for CP-OFDM, the following is supported

· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline

· Whether/how to share DL PT-RS among UEs is FFS

· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated

· Multiple PT-RS densities defined in time/frequency domain are supported

· UE can assume same precoding for a DM-RS port and a PT-RS port

· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS

· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource

· Study the following for PT-RS, taking overhead and forward compatibility into account

· Details on frequency domain patterns/densities

· How to indicate presence/patterns of PT-RS

· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category

· E.g., explicit indication by L1/L2/L3 signaling

· Port multiplexing methods

· E.g., non-orthogonal multiplexing within PT-RS ports and with data

· Using PT-RS for CFO/Doppler estimation

· QCL relationship between PT-RS and DM-RS

· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy

· Others are not precluded
In this contribution, we discuss whether PT-RS should be shared among UEs and PT-RS antenna ports.
2 Whether PT-RS should be shared among UEs or not
Unicast transmission and PT-RS
At first, we discuss PT-RS sharing aspect for unicast transmission. According to the agreement, whether/how to share DL PT-RS among UEs is FFS. We compared following 2 alternatives for PT-RS resource mapping;

Alt.1 UE-specific PT-RS (not shared among UEs)

Alt.2 PT-RS shared in the group of same DMRS port
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Figure 1 Alt.1 UE-specific PT-RS
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Figure 2 Alt.2 PT-RS shared in the group of same DMRS port
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Alt.1 UE specific PT-RS (not shared among UEs)

In Alt.1, PT-RS is only mapped in each UE’s allocated PRB as shown in the Figure 1. A UE uses only its own PT-RS in allocated PRBs for data to estimate the CPE. The merit is that PT-RS density can be flexible for each UE. As shown in Figure 1, the assignment with lower MCS for UE2 has no PT-RS and the assignment with higher MCS for the other UEs have PT-RS. The demerit is that the overhead of PT-RS might be larger than it of Alt.2 when each UE requires large density of PT-RS.
Alt.2 PT-RS shared in the group of same DMRS

In Alt.2, PT-RS is mapped on configured PRBs for a group and it is shared by UEs as shown in the Figure 2. UEs which the data with higher MCS is allocated on estimate CPE using shared PT-RS. Therefore the merit is that the PT-RS overhead is smaller when there are many UEs requiring PT-RS in the group. The demerit is that if there are few UEs requiring PT-RS in the group, PT-RS could be excessive. In addition, there is agreement on “UE can assume same precoding for a DM-RS port and a PT-RS port”. From these agreements, if PT-RS are shared by UEs, same DMRS port with same precoding should be allocated for the UEs. It restricts the DMRS allocations.

According to above analysis, we propose to take Alt.1. The beam in millimeter-wave can be narrow thus a narrow beam cannot cover so many number of FDMed UE. Therefore the gain of overhead reduction in Alt.2 is not large. In addition, the wider bandwidth operation of millimeter-wave would make the overhead of PT-RS is not critical issue. Consequently, Alt.1 is reasonable; PT-RS should be UE-specific.

Proposal 1: For UE specific data, PT-RS should be UE-specific and not be shared among UEs.

Group/cell common channel and PT-RS
For the transmission of SIB, random access response and paging, group/cell common data is transmitted. In this case, DMRS itself is also group common RS. Although we expect group/cell common data would use usually lower MCS for the coverage reason, if group/cell common data uses higher MCS, PT-RS is required. Even if PT-RS is required for group/cell common channel, UE should know only PT-RS associated with group common RS. 

Proposal 2: For group/cell specific data, what is the highest MCS needs to be decided. If PT-RS is required for the higher MCS, its PT-RS should be used only for the group/cell specific data reception.

Multiple layers and PT-RS

When multiple layers are from a single TRP, these layers can be assumed to experience the same phase noise and CPE[3]. Therefore, CPE value estimated from one PT-RS associated with a DMRS antenna port can be enough in such condition. CPE estimation from the highest SINR DMRS port would be better performance. To have PT-RS for each layer would consume transmission power and resource. 
When layers are transmitted from different TRPs as CoMP, these layers cannot be assumed to experience the same phase noise and CPE. Therefore, each layer needs to have PT-RS when PT-RS is required.

Proposal 3: In case all layers for a UE are transmitted from single TRP, one PT-RS for all layers can be sufficient. In case of all layers for a UE are transmitted from multiple TRPs, PT-RS should be possible for each layer.

3 Conclusion

In this contribution, we discussed PT-RS sharing among UEs and layers. We propose following.

Proposal 1: For UE specific data, PT-RS should be UE-specific and not be shared among UEs.

Proposal 2: For group/cell specific data, what is the highest MCS needs to be decided. If PT-RS is required for the higher MCS, its PT-RS should be used only for the group/cell specific data reception.

Proposal 3: In case all layers for a UE are transmitted from single TRP, one PT-RS for all layers can be sufficient. In case of all layers for a UE are transmitted from multiple TRPs, PT-RS should be possible for each layer.
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