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1. Overall Description:

RAN1 has discussed reference signals for phase tracking (PT-RS) and made the following agreements related to the questions in this LS:
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.

· Whether PT-RS can be present or not depends on RRC configuration. 

· For CP-OFDM and SU-MIMO, dynamic presence of PTRS is determined by allocated MCS, BW, and subcarrier spacing
· For CP-OFDM and SU-MIMO, time pattern of PTRS is determined by allocated MCS, and subcarrier spacing

· For SU-MIMO, support predefined and RRC-configured association between PTRS densities and scheduled MCS/BW

· 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

· For CP-OFDM and the tables in R1-1709521, 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 in the time domain, depending on the time density) in every 2nd RB or  every 4th 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)

· 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 determining the thresholds and time and frequency density values in the pair of tables, RAN1 respectfully asks RAN4 if the agreed UE phase noise models in [1] are appropriate for PT-RS evaluation, and to provide guidance on a phase noise model to use for the evaluations. 

[1] R1-165685, “WF on Phase Noise Modeling”, Nokia, Alcatel-Lucent Shanghai Bell, NTT DoCoMo, Samsung, Qualcomm, Ericsson, Intel, InterDigital
2. Actions:

To RAN 4
ACTION: 
RAN1 respectfully asks RAN4 to provide guidance on a phase noise model to use for the design of PT-RS
3. Date of Next RAN1 Meetings:

RAN1 NR adhoc
27th – 30th June 2017
Qingdao, China
RAN1#90
21st – 26th August 2017
Prague, Czech Republic
