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Introduction
RRM aspects for Rel-18 study on expanded and improved NR positioning are discussed in RAN4#104-bis-e, and the outcomes are captured in [1]. Based on [1], the following issues need to be further discussed for carrier phase measurement.
· Feasibility from RRM perspective
· Number of carriers
· Applicable RRC state
In this paper we will provide our views on remaining issues and text proposals for carrier phase measurement.
Discussion
Feasibility from RRM perspective
	Issue 2-1-1: When to initiate RAN4 study carrier phase measurements?
Agreements:
· RAN4 wait for conclusive RAN1 outcome on carrier phase measurements before starting RAN4 feasibility study on carrier phase measurement aspects


RAN1#110-bis has reached several agreements related to carrier phase measurement.
	Agreement
The existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. 
· FFS: Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance

Agreement
For UE-assisted NR carrier phase positioning, at least consider the following options 
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP.
· the carrier phase measured from the DL PRS signal(s) of a TRP



In general, RAN1 has agreed on the RS used for carrier phase measurement and the high level definition of carrier phase measurement. 
Technically, carrier phase measurement is an estimate of the phase of a received path. For the carrier phase positioning to work, the phase error between different TRPs and between TRP and UE would be calibrated with single or double differencing. The exact measurement definition would be up to RAN1, e.g. whether it is an absolute phase measurement or relative phase difference. RAN4 may need to discuss the assumptions in the requirements such as SINR and number of samples as well as calibration margin. These details should be discussed during the WI phase as usual and also based on RAN1 inputs. From RRM perspective, we have not seen any feasibility issue so far.
Proposal 1: RAN4 to conclude that no feasibility issue is identified from RRM perspective for carrier phase measurement.
Number of carriers
	Issue 2-2-1: Number of carriers
Agreements:
· If carrier phase measurement is considered feasible based on RAN1 outcome, then further discuss if single carrier PRS/SRS transmission can be prioritized for the RRM impact study.


We support to prioritize carrier phase measurement for single carrier PRS/SRS for RRM. In our view, PRS/SRS CA and carrier phase measurement are separate objectives of the SI, and each may require considerable efforts if to be included in the WI. It would be better not to consider the interworking between the two objectives at this stage.
Proposal 2: Single carrier PRS/SRS transmission is prioritized for the RRM impacts of carrier phase measurement. 
Applicable RRC state
	Issue 2-3-1: Carrier phase measurements in RRC_INACTIVE
Agreements:
· If carrier phase measurement is considered feasible based on RAN1 outcome, then further investigate if carrier phase measurement is also supported in RRC_INACTIVE.


In our view, carrier phase measurement is just another measurement for positioning and is comparable as RSTD, PRS-RSRP(P) or UE Rx-Tx, so it can be applicable for all RRC states where positioning measurement is supported. We do not see any feasibility issue to support carrier phase measurement in RRC_INACTIVE. 
Proposal 3: RAN4 to conclude that no feasibility issue is identified from RRM perspective for carrier phase measurement in RRC_INACTIVE.
Text proposal for the TR
According to the work plan [2], RAN4 is supposed to prepare text proposals for TR 38.859. Based on Proposal 1-3 and the latest draft TR [3], we suggest to provide following inputs from RAN4 RRM perspective. 
Proposal 4: Consider the following Text Proposals as inputs from RRM perspective to TR 38.859.
	[bookmark: _Toc117437914]6.3.1.2	Physical layer measurements for NR carrier phase positioning
The study of the accuracy improvement based on NR carrier phase measurements includes:
· UE-based and UE-assisted carrier phase positioning
· UL carrier phase positioning and DL carrier phase positioning
· NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies
· Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc.
For DL UE-assisted NR carrier phase positioning, at least the following options are considered:
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
For UL UE-assisted NR carrier phase positioning, at least the carrier phase measured from the UL SRS for positioning purpose is considered.
For RRM impacts of carrier phase measurement, single carrier PRS/SRS transmission is prioritized.
From RRM perspective, carrier phase measurement may be supported in RRC_INACTIVE subject to UE capability.
……
6.3.3	Potential Specification Impact for NR Carrier Phase Positioning
Specify carrier phase positioning measurement requirements including measurement period/reporting/accuracy (including margins) etc.


Conclusions
In this paper we provided our views on remaining issues and text proposals for carrier phase measurement.
Proposal 1: RAN4 to conclude that no feasibility issue is identified from RRM perspective for carrier phase measurement.
Proposal 2: Single carrier PRS/SRS transmission is prioritized for the RRM impacts of carrier phase measurement. 
Proposal 3: RAN4 to conclude that no feasibility issue is identified from RRM perspective for carrier phase measurement in RRC_INACTIVE.
Proposal 4: Consider the following Text Proposals as inputs from RRM perspective to TR 38.859.
	[bookmark: _Toc117437912]6.3.1.2	Physical layer measurements for NR carrier phase positioning
The study of the accuracy improvement based on NR carrier phase measurements includes:
· UE-based and UE-assisted carrier phase positioning
· UL carrier phase positioning and DL carrier phase positioning
· NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies
· Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc.
For DL UE-assisted NR carrier phase positioning, at least the following options are considered:
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
For UL UE-assisted NR carrier phase positioning, at least the carrier phase measured from the UL SRS for positioning purpose is considered.
For RRM impacts of carrier phase measurement, single carrier PRS/SRS transmission is prioritized.
From RRM perspective, carrier phase measurement may be supported in RRC_INACTIVE subject to UE capability.
……
6.3.3	Potential Specification Impact for NR Carrier Phase Positioning
Specify carrier phase positioning measurement requirements including measurement period/reporting/accuracy (including margins) etc.


Reference
[1]. R4-2217257, WF on Improved NR Positioning, Ericsson
[2]. R4-2216685, Work Plan for Study Item on Expanded and Improved NR Positioning, Intel Corporation, CATT, Ericsson
[3]. R1-2210715, Draft TR 38.859 v020: Study on expanded and improved NR positioning, Intel Corporation, CATT, Ericsson
8

1

