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Introduction
The Rel-18 WID [1] for NR positioning contains several enhancements:
· Support of sidelink positioning (including ranging) in NR systems
· Support of UE-based and LMF-based integrity of RAT-dependent positioning methods
· Support of LPHAP use-case 6 [TS 22.104]
· Support of positioning for UEs with Reduced Capabilities
· Support of bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers
· Support of NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning
For accuracy improvements, such as bandwidth aggregation and NR DL and UL carrier phase positioning (NR CPP), the work on performance characterization in RAN4 will need to address RF aspects. This contribution proposes the framework for such analysis.
Discussion
This section discusses how to take into account RF aspects for accuracy improvements in regard to performance evaluation in RAN4.
RF aspects for accuracy improvement NR CPP
RAN1 has performed a feasibility study on expanded and improved NR positioning [2] including the evaluation methodology for NR CPP in Annex A.3, which is replicated in the Annex of this contribution. 
The evaluation methodology is based on a list of error sources and the assumptions for the evaluation of NR CPP as depicted in Table A.3-1. The assumptions are used to model the listed error sources related to RF impairments in the RAN1 performance evaluations. It can be seen that different assumptions on RF impairments for some of the error sources were selected (e.g. on initial residual CFO for UE).
Scope of the RAN4 work for this accuracy improvement will be to address these error sources by modelling all relevant RF impairments related to carrier phase measurement. Some impairments may need to be put into declared RF margins. This is discussed in more detail in the companion paper [3].
Thus, RAN4 should discuss how to capture such RF impairment models for NR CPP. Principally, there are three options:
· Option 1: Include RF impairment models in new Annex of TS 38.101-1 for FR1 and TS 38.101-2 for FR2
· Option 2: Include RF impairment models in new Annex of TS 38.133 
· Option 3: Include RF impairment models in new Annex of TR 38.859 (in a revision of 18.0.0) 
For option 3, this is similar to TR 38.901 [4], which covers the propagation channels used in measurement accuracy requirements. 
In addition, a reference will be made from the RRM performance requirements to those RF impairment models. We have a slight preference for option 3. As the current WID [1] does not list any RAN4 spec other than TS 38.133, a revision of the WID due to affected specifications may be needed.
RAN4 to discuss how to capture RF impairment models for NR CPP in 3GPP TS or TR. A corresponding revision of the WID may be needed.
This work related to RF impairments modelling can be based on RAN1’s observation in Annex A.3 in [2]. There is no impact from RAN1 discussions on design choices. Thus, RAN4 can assess the modelling of error sources due to RF impairments during the core part of the work item. This allows that the performance part can make immediate use of the impairment models and does not need to await further progress on them.
RAN4 to carry out the work on RF performance impacts and RF impairment modelling for NR CPP during the core part of the work item.
We propose to also take into account this work related to RF impairments modelling in the work plan.  
Take into account the work related to RF impairments modelling for NR CPP in the work plan.  
RF aspects for accuracy improvement BW aggregation
RF impairments such as group delay error from PRS/SRS from different carriers, as mentioned in [2] and the impact from phase noise in FR2, as discussed in previous RAN4 meetings, need to be addressed for the BW aggregation technique. We propose that modelling of RF impairments is done in a new Annex of the same TS/TR as used for NR CPP. We have a slight preference for adding a new Annex to TR 38.859.
RAN4 to add the modelling of RF impairments for BW aggregation in a new Annex of the same TS/TR as used for NR CPP. A corresponding revision of the WID may be needed.
As for NR CPP, this work should not be waiting for the performance part.
RAN4 to carry out the work on RF performance impacts and RF impairment modelling for BW aggregation during the core part of the work item.
As for NR CPP, this work should be taken into account in the work plan. 
Take into account the work related to RF impairments modelling for BW aggregation in the work plan.  
Impact to BS RF requirements 
BS RF requirements are not listed in an extra agenda item. In our view, no impact to BS RF requirements is foreseen due to the work on expanded and improved NR positioning. The scope of requirements will be limited to RRM.
No impact to BS RF requirements is foreseen due to the work on expanded and improved NR positioning. The scope of requirements will be limited to RRM.
Conclusion
For accuracy improvements, such as bandwidth aggregation and NR DL and UL carrier phase positioning (NR CPP), the work on performance characterization in RAN4 will need to address RF aspects. This contribution has discussed the framework for such analysis.
Following proposals are made:
1. RAN4 to discuss how to capture RF impairment models for NR CPP in 3GPP TS or TR. A corresponding revision of the WID may be needed.
RAN4 to carry out the work on RF performance impacts and RF impairment modelling for NR CPP during the core part of the work item.
Take into account the work related to RF impairments modelling for NR CPP in the work plan.  
RAN4 to add the modelling of RF impairments for BW aggregation in a new Annex of the same TS/TR as used for NR CPP. A corresponding revision of the WID may be needed.
RAN4 to carry out the work on RF performance impacts and RF impairment modelling for BW aggregation during the core part of the work item.
Take into account the work related to RF impairments modelling for BW aggregation in the work plan.  
No impact to BS RF requirements is foreseen due to the work on expanded and improved NR positioning. The scope of requirements will be limited to RRM.
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For evaluations of NR carrier phase positioning, the relevant evaluation assumptions as in TR 38.855 [12] and TR 38.857 [2] are reused, with optional modifications to the assumptions based on appropriate justification.
Evaluations for FR1 bands are considered as baseline while those for FR2 bands are optional.
For modelling of error sources, the following may be considered:
-	Phase noise (FR2)
-	CFO/Doppler
-	Oscillator-drift
-	Transmitter/receiver antenna reference point location errors
-	Transmitter/receiver initial phase error
-	Phase center offset
NOTE: Other error sources are not precluded
NOTE: UE mobility can be considered in the evaluations
NOTE: one or more error sources can be evaluated jointly
NOTE: companies should provide the error sources model with their evaluations
The impact of multipath will be considered as part of evaluations of NR carrier phase positioning, and the methods of mitigating the impact of multipath for the carrier phase positioning will be studied, if it is considered necessary after the evaluation. 
The following multipath mitigation methods for the carrier phase positioning, which include, but are not limited to, the following are to be evaluated:
-	The methods of estimating the carrier phase of the first path
-	NOTE: Both time-domain and frequency-domain methods can be considered
-	LOS/NLOS/ Multi-path indication for the carrier phase measurements for improving the accuracy of the position calculation
-	Rel-17 LOS/NLOS indicator can be used as the starting point
-	Measurements of the first path and additional paths
-	E.g., carrier phase measurements, timing measurements
-	Other channel information, such as RSRP/RSRPP, CIR/CFR, etc.
Further, the use of PRUs to facilitate NR carrier phase positioning can be evaluated.
Table A.3-1 provides the assumptions for the evaluation of NR carrier phase positioning.
Table A.3-1: Assumptions for evaluation of NR carrier phase positioning
	Assumptions
	Value

	Scenarios
	-	Baseline: InF-SH, InF-DH
-	Optional: Indoor Open Office, UMi, Highway scenarios
-	Other evaluation scenarios are not precluded
-	Existing Rel-17 DL/UL reference signals for the Uu interface are to be used for the Highway scenario.

	Frequency errors – NOTE 1
	Ideal
	Practical

	Initial residual CFO 
(is the same for one measurement instances [or multiple phase measurement instances])
	0 (UE/TRP)
	Uniform distribution within:
-	[-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
-	[-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
-	[-10, +10] Hz (for each TRP, FR1),
-	[-40, +40] Hz (for each TRP, FR2).

	Oscillator-drift 
(is the same for one or multiple phase measurement instances for positioning fix)
	0 (UE/TRP)
	Uniform distribution within:
-	[-0.1, 0.1] ppm (UE) 
-	[-0.02, +0.02] ppm (each TRP) within measurement duration

	Antenna reference point (ARP) location error of a TRP
	No ARP error
	A zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction

	Initial phase of a transmitter 
	Modelled as a random variable uniformly distributed within [0, 2pi]
-	The initial phase of a transmitter applies to all subcarriers of the same carrier frequency associated with the transmitter. The initial phases of a transmitter for different carriers can be assumed to be independent of each other.

	Initial phase of a receiver
	Modelled as a random variable uniformly distributed within [0, 2pi]
-	The initial phase of a receiver applies to all subcarriers of the same carrier frequency associated with the receiver
-	The initial phases of a receiver for different carriers can be assumed to be independent of each other.

	UE/TRP antenna Phase Center Offset (PCO)
	dPCO = a * dPhi + w,
where	
-	a is the scale factor, a=[0, 1, 3]
-	dPhi is the direction difference (in degrees):
-	Example 1: dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).
-	Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.
-	NOTE: Example 1 may be more suitable for modelling the residual PCO of a calibrated antenna; while Example 2 may be more suitable for modelling the PCO of an uncalibrated antenna (see [91]).
-	w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees
-	Value of X is left up to companies
-	NOTE: the above model is valid only when absolute value of dPhi < Y degrees
-	Value of Y is left up to companies

	Time instances for carrier phase measurements
	UE position can be calculated by the use of carrier phase measurements obtained at the M sequential time instances, where
-	Baseline: 
-	M=1
-	Optional: 
-	M=4
-	Other values of M 
-	Companies should report their assumptions on UE mobility (e.g., speed)

	NOTE 1: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.
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