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1. Introduction
At the RAN1 #NR AH meeting, we have reached the following agreements [1]:
	Agreements:
· 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
Agreements:
· NR considers frequency offset and PN compensation for DFTsOFDM
· FFS the exact method (e.g. pre-DFT /post-DFT insertion of PT-RS, blind detection, DM-RS)
· Consider receiver complexity, PAPR, modulation order to be supported, etc


In this contribution, we provide our views on open issue for PT-RS. 


2. Views on open issue for PT-RS
2.1. Whether/how to share DL PT-RS among UEs
At the RAN1 #NR AH meeting, the following is agreed [1].
Agreements:
· 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

When DL PT-RS is shared among UEs, common phase error (CPE) of phase noise compensation accuracy may be improved because the number of PT-RS REs per UE increases. However, since PT-RS is UE-specifically configured, PT-RS mapping pattern and the number of PT-RS ports can be different among UEs. Thus, information on PT-RS mapping pattern and the number of PT-RS ports for the other UEs is necessary at UE side. In order to achieve that, dynamic indication or blind estimation of this information is necessary because scheduled resource is changing every scheduling time unit. Since blind estimation may degrade the performance, dynamic indication would be needed and the DCI overhead is increased. Without sharing PT-RS among UEs, CPE compensation accuracy may be decreased compared with PT-RS sharing under the same PT-RS pattern. However, in order to improve the CPE compensation accuracy, one of the candidate solutions is that dense PT-RS insertion density in frequency domain is defined preliminarily. In this case, indication is not necessary. In summary, we make the following proposal. 

Proposal 1:
· For a given UE, the DL PT-RS is confined in scheduled resource and should not be shared among UEs. 

2.2. Mapping rules between DMRS and PT-RS (fixed and/or configurable, etc)
In this section, we discuss mapping rules between DMRS and PT-RS. At the RAN1 #NR AH meeting, the following is agreed [1].
Agreements:
· Regarding PT-RS for CP-OFDM, the following is 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

Regarding configurable ports and mapping rule, in order to de-multiplex the PT-RS, the information on ports and mapping rule is necessary at the receiver side. The fixed mapping rule is considered beneficial to avoid additional signaling overhead. We have a slight preference for fixed ports mapping as long as a clear benefit and/or need is not seen for configurable ports mapping. 

Proposal 2:
· Port mapping rules between DMRS and PT-RS should be fixed. 

2.3. How to indicate presence/patterns of PT-RS
In this section, we discuss how to indicate presence/pattern of PT-RS. At the RAN1 #NR AH meeting, the following is agreed [1].
Agreements:
· Study the following for PT-RS, taking overhead and forward compatibility into account
· 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

Since requirement of CPE compensation accuracy is changing according to numerology, MCS, number of allocated PRBs, and UE category, etc., implicit indication of presence/patterns of PT-RS is applicable based on association with those factors. Implicit indication is also beneficial not to increase signaling overhead. It is discussed in previous meeting that CPE compensation accuracy would become higher in the future due to hardware improvement and such a PT-RS may not be needed. However, PT-RS for the UEs in future releases can be still optimized by modifying the implicit indication or by introducing explicit indication when needed. Thus, our current preference is to use implicit indication. 

Proposal 3:
· Presence/patterns of PT-RS should be implicitly indicated.

2.4. Port multiplexing methods
In this section, we discuss about port multiplexing method. At the RAN1 #NR AH meeting, the following is agreed [1].
Agreements:
· Study the following for PT-RS, taking overhead and forward compatibility into account
· Port multiplexing methods
· E.g., non-orthogonal multiplexing within PT-RS ports and with data

[bookmark: _GoBack]When multiplexing among PT-RS ports is supported as is the case with DMRS ports, PT-RS can also be used by channel estimation in addition to CPE compensation. When assuming large number of MIMO transmission layers, PT-RS overhead may be increased. However, since insertion density of PT-RS is sparse compared with DMRS, PT-RS overhead may not be critical. In addition, the number of PT-RS ports can be reduced according to the number of sources of phase noise. 

Proposal 4:
· Port multiplexing method for PT-RS is orthogonal as is the case with DMRS. 

3. Summary
In this contribution, we have presented our views on open issue for PT-RS, and then made the following proposals. 

Proposal 1:
· For a given UE, the DL PT-RS is confined in scheduled resource and should not be shared among UEs. 
Proposal 2:
· Port mapping rules between DMRS and PT-RS should be fixed. 
Proposal 3:
· Presence/patterns of PT-RS should be implicitly indicated.
Proposal 4:
· Port multiplexing method for PT-RS is orthogonal as is the case with DMRS. 
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