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Introduction
The Rel-18 WID [1] investigates positioning accuracy enhancement with advanced techniques of  proposed the carrier phase positioning. RAN4 has been assigned the following objectives.
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements withwithout measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4]. 



Discussion
2.1  Carrier Phase Positioning (CPP)
In the last meeting we have reached the agreement as below:
	Issue 6-1-3: Applicable number of PFL
Agreements:
· Requirements for carrier phase positioning measurement will be defined for single carrier/PFL.


With the increasing requirements of different application scenarios towards the positioning accuracy, the existing positioning technique can hardly meet the growing demand. To improve the positioning accuracy, carrier phase positioning (CPP) technology is thereupon leveraged as a auxiliary tools to ameliorate current positioning technology.  
In previous meetings, the agreements for the carrier phase positioning commonly about waiting for the outcomes or progress of RAN1/RAN2. Before this we shall know that if the CPP is a kind of positioning assisted method, the legacy requirements can be used or as a baseline, on the contrary, if the CPP is a totally new standalone method which defined by RAN1, the new requirements shall be considered and discussed. 
The application scenario towards carrier phase based positioning method is generalized in Figure 1:
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[bookmark: _Ref12768]Figure 1 Carrier phase positioning scenario
For UE (user equipment, can refer to the target device), the carrier phase measured on signal from gNB is
[bookmark: _Ref13166]                                                     (Equ. 1)
where,  is the wavelength of the radio signal (c is the speed of light, f is the carrier frequency of the radio wave transmitted by the transmitter), N is the integer part of carrier phase (the number of full wavelengths experienced between the transmitter and the receiver),  is the carrier phase,  denotes the fractional part of carrier phase,  is the distance between UE and gNB (LOS distance), and  is measurement noise. 
For more accurate evaluation, carrier phase positioning method allows the system introducing a PRU to help the location measurement for the target device, as shown in Figure 2:
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Figure 2 Carrier phase positioning with PRU
For each pair of gNB and UE, the equation referring to the relationship between measurement distance and carrier phase is summarized in Equ. 1. Some of existing technologies make use of the double difference between different UE and gNB, to alleviate or eliminate the side effect of measurement error, further achieve better positioning performance. 
Based on the scenario of the carrier phase positioning, we’d like to define the measurement period for CPP which should follow the progress of RAN1 as below:



RAN1 #121 meeting:
	Agreement
For NR carrier phase positioning, at least support the following approach: 
· enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF
· FFS: which legacy positioning measurements among RSTD, RTOA, UE Rx-Tx time difference measurements, gNB Rx-Tx time difference measurements


For the outcomes from RAN1, we know that the CPP method at least enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF but we do not know which method should be combined with CPP for positioning measurement. Based on the RAN1’s progress, we deem that the legacy requirements can be used as a baseline or the starting point, such as measurement period:
TS 38.133 RSTD measurements:
	9.9.2.5	Measurements Period Requirements
When physical layer receives last of NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message from LMF via LPP [34], the UE shall be able to measure multiple (up to the UE capability specified in Clause 9.9.2.3) DL RSTD measurements, defined in TS 38.215 [4], during the measurement period  defined as:
	
Where ,
	 is the index of positioning frequency layer,
	 is total number of positioning frequency layers, and
	 is the periodicity of the PRS RSTD measurement in positioning frequency layer i 
 is the measurement period for PRS RSTD measurement in positioning frequency layer i as specified below:
 


So for CP assisted positioning procedure, DL CP measurement during the measurement period  could be defined as:
	
Where

where  is the UE Rx beam sweeping factor,  is the carrier-specific scaling factor for NR PRS-based positioning measurements in positioning frequency layer i,	 is a scaling factor for a positioning frequency layer to be measured within the associated measurement gap pattern,  is the maximum number of DL PRS resources in positioning frequency layer i configured in a slot,  is the time duration of available PRS in the positioning frequency layer i to be measured during ,  is the number of PRS CP measurement samples,  is the measurement duration for the last PRS CP sample in positioning frequency layer i,  is the periodicity of the PRS CP measurement in positioning frequency layer i.


With this method, the UE can measure the carrier phase of PRS within the CP measurement period, the positioning efficiency can be improved.
Proposal 1: The legacy measurement period can be used as baseline or a starting point when defining the CPP related measurement period:

Where

As we discussed before based on the current RAN1 outcomes that the CPP method at least enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF, but whether the CPP method can be the standalone method for positioning enhancement or not haven’t been discussed in RAN1 so if we RAN4 would like to define the new requirements for CPP standalone method still should wait for the progress from RAN1 and RAN2.
Observation 1: RAN1 only supports the combination of CPP and other positioning methods for positioning study, whether the CPP method can be the standalone method for positioning enhancement or not haven’t been discussed.
Proposal 2: Wait for more progress and outcomes for the definition of measurement from RAN1/RAN2.
In the latest RAN meeting the revised WID is endorsed in [1] with only support “with” measurement gap for CPP. So we deem that RAN4 should not investigate and specify RRM impacts from NR CPP for RRC_states since this is only related to studying with measurement gap instead of specifying the RRC_Inactive state or the RRC_Connected state.
Observation 2:  The latest RAN meeting the revised WID  only support “with” measurement gap for CPP.
Proposal 3: It is not necessary for RAN4 to  investigate and specify RRM impacts from NR CPP for RRC_states.
Conclusion
The following observations and proposals are made.
Observations:
Observation 1: RAN1 only supports the combination of CPP and other positioning methods for positioning research, whether the CPP method can be the standalone method for positioning enhancement or not haven’t been discussed.
Observation 2:  The latest RAN meeting the revised WID  only support “with” measurement gap for CPP.
Proposals:
Proposal 1: The legacy measurement period can be used as baseline or a starting point when defining the CPP related measurement period:

Where

Proposal 2: Wait for more progress and outcomes for the definition of measurement from RAN1/RAN2.
Proposal 3: It is not necessary for RAN4 to  investigate and specify RRM impacts from NR CPP for RRC_states.
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