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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 some enhancements, UE RF requirements are discussed in this contribution and few proposals on the further proceeding are made. 
Discussion
Impacts to UE RF requirements for some of the above enhancements are discussed in this section.
NR DL and UL carrier phase positioning
The WID [1] depicts the RAN4 work related to this accuracy improvement technology as replicated below:
	· 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 without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].




RAN1 status on reference signal design and PHY layer measurements 
Reference signals for NR carrier phase measurement 
During the FS_NR_pos_enh2 study item RAN1 concluded to make reuse of the existing reference signals for NR positioning, i.e. PRS for DL carrier phase measurement and SRS for positioning for UL carrier phase measurement.
Physical layer measurements for NR carrier phase measurement
During the FS_NR_pos_enh2 study item, different physical layer measurements were considered without concluding on them. In particular, following measurements for DL and UL UE-assisted NR carrier phase positioning are listed in [2]:
	[bookmark: _Hlk126935138]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.




RAN4 will need to wait on RAN1’s agreement on new measurement types for NR carrier phase positioning, to be specified in TS 38.215, based on selected physical layer measurements. As the Rel-16 reference signals for NR positioning are reused, it is expected that RAN1 will discuss and conclude on the measurement types for NR positioning based on the above list in [2] in their next meetings, so that RAN4 can continue to investigate respective measurement procedures.
RF impacts
According to the WID [1], it is specified to use single carrier/PFL for NR carrier phase positioning, thus RF requirements for single carrier transmission / reception apply. Therefore, there is no impact on RF requirements due to introduction of NR carrier phase positioning. This includes gNB, UE and PRU.
RAN1 status on characterization of RF impairments for NR carrier phase positioning
RAN1 has undertaken a feasibility study for NR carrier phase positioning [2]. In this study, RF impairments were discussed, and their impact is treated in Annex A.3 of [2]. Impact of the following sources are considered for evaluation [2]:
	· Modelling error sources
· 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
· Impact of multipath
· Use of PRUs to facilitate NR carrier phase positioning



Further, Table A.3-1 of [2] lists the assumptions for the evaluation, duplicated below for ease of understanding.
	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.



It can be seen from the table that the assumptions and sources have gaps, for example, it is not clear if the initial residual CFO that is sampled from a uniform distribution stays the same for multiple measurement instances or for just one. Further, regarding modelling error sources, it is not defined which error sources are used jointly. In addition, there are different assumptions on the uniform distribution for CFO in FR1 and FR2, or, how to model the UE mobility.
Following observations are made.
Modelling assumptions and error sources list is not complete. 
There are even different assumptions on the same impairment such as CFO. 
Error model for phase noise in case of FR2 is missing. 
It is not clear if the initial CFO value sampled from a uniform distribution stays the same for multiple measurements or is sampled each time for a measurement. 
It is not clear if the oscillator drift sampled from a uniform distribution stays the same for multiple measurements or is sampled each time for a measurement. 
RAN1 has investigated different values for M. The setting of M is in the focus of RAN4 evaluation work. 
RAN1 has used doppler frequency based on the speed of 3km/h in the evaluations.
Following proposals are submitted.
RAN4 should specify a definitive list of error sources and assumptions to be used for evaluations. 
RAN4 should define phase noise model to be used for evaluation in FR2. 
RAN4 should specify error models based on the list of error sources. 
RAN4 should specify which multipath mitigation method to be used based on the guidance from RAN1. 
RAN4 should specify if the initial residual CFO stays the same or changes between multiple phase measurements. 
RAN4 should specify if the oscillator drift stays the same or changes between multiple phase measurements. 
RAN4 should investigate and specify the value of M (time instances for carrier phase measurements). 
RAN4 should define assumptions for the evaluation framework for NR carrier phase positioning.
 RAN4 should investigate the maximum RF BW for PRS/SRS bandwidth aggregation both for equal and unequal carrier bandwidth.
Positioning for UEs with Reduced Capabilities
The WID [1] depicts the RAN4 work related to this enhancement as replicated below:
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].




RF impacts
For RedCap positioning, the reduced RF bandwidth of 20 MHz in FR1 and 100 MHz in FR2, respectively, is a limiting factor for PRS reception/SRS transmission. Also, since reduced number of Rx antennas is used (i.e. 1 Rx and 2 Rx RedCap UE in FR1 and 2 Rx RedCap UE in FR2), the positioning accuracy is expected to be degraded. To compensate the loss in positioning accuracy, RedCap UE may perform frequency hopping for DL PRS reception and for UL SRS transmission beyond its maximum RF bandwidth, as will be investigated by RAN1 and RAN2.
However, frequency hopping may increase the complexity of RedCap UE since RedCap is targeting a low-complexity device with relaxed processing time. In that case, if RedCap positioning is performed with frequency hopping, the RF impact due to frequency hopping needs to be investigated.
Frequency hopping may make use of the BWP switching procedure, which has the drawback of long switch delay of 3 ms. This time gap between frequency allocations cannot be used for data communication and increases the latency for positioning measurements. Thus, RAN4 may need to investigate, if smaller time gaps due to frequency hops can be specified. It is assumed that RAN1 will approach RAN4 on this matter. 
RAN4 to investigate the RF impact due to frequency hopping based on any guidance from RAN1.
No further potential RF impact is identified for this enhancement. 
Supported positioning techniques  
The WID [1] does not mention the scope of positioning techniques to be considered for RedCap UE’s.  
Regarding the aspect, whether RedCap positioning enhancements should be limited to Rel-16 and Rel-17 positioning techniques or extended to cover also Rel-18 positioning techniques, our understanding is that Rel-16 and Rel-17 is in the primary focus and Rel-18 enhancements would be applicable to RedCap UE’s in a later release, i.e. Rel-19.  
However, we welcome views from operators and manufacturers on extending the scope to Rel-18 positioning techniques, i.e. to also consider NR CPP, PRS/SRS BW aggregation and LPHAP to be applied to RedCap UE’s in Rel-18.  
RAN4 to request RAN plenary to clarify the scope of positioning techniques to be applied to RedCap UE’s, while pointing out that positioning techniques in Rel-16 and Rel-17 are considered by RAN4 to be in the primary focus.
PRS/SRS bandwidth aggregation
The WID [1] depicts the RAN4 work related to this enhancement as replicated below:
	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



Maximum RF BW
According to the WID [1], it is specified that the aggregated PRS/SRS bandwidth uses up to three intra-band contiguous carriers, thus the maximum targeted aggregated BW for PRS / SRS should be determined from RF perspective. This investigation on the maximum aggregated PRS/SRS bandwidth should take into account the cases of equal and un-equal carrier bandwidth, as discussed during the feasibility study
RAN4 should investigate the maximum RF BW for PRS/SRS bandwidth aggregation both for equal and unequal carrier bandwidth.
RAN4 status on RF impairments for PRS/SRS bandwidth aggregation
RAN4 has undertaken a feasibility study for PRS/SRS bandwidth aggregation. In this study, RF impairments were discussed. It was observed that the main error source is group delay error. The basic assumption of a single-chain Tx architecture with single Tx antenna is used for transmitting the aggregated resources. This ensures that, there is relatively no timing alignment error (TAE), thus, leaving only the group delay to be a major error source in FR1. In FR2, both phase noise impact and group delay error need to be evaluated. This should be considered for both equal and un-equal carrier bandwidth, as discussed during the feasibility study.
TAE in a single-chain Tx architecture is negligible, thus group delay error is the main impairment. 
RAN4 should develop group delay model in FR1 and FR2, and phase noise error model in FR2 for the cases of equal and unequal carrier bandwidth.
RAN4 should define assumptions for the evaluation framework for PRS/SRS bandwidth aggregation.
Low Power High Accuracy Positioning
The WID [1] depicts the RAN4 work related to this enhancement as replicated below:
	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



RF impacts
Analyzing the scope of supporting LPHAP use-case 6, no RF impacts are expected.
No RF impacts are expected for enabling LPHAP use-case 6 as defined in TS 22.104.
Conclusion
RF impacts related to some positioning techniques for Expanded and Improved NR Positioning (Rel-18) are discussed in this contribution.
The following observations are made.
Related to NR carrier phase positioning:
1. Modelling assumptions and error sources list is not complete. 
There are even different assumptions on the same impairment such as CFO. 
Error model for phase noise in case of FR2 is missing. 
It is not clear if the initial CFO value sampled from a uniform distribution stays the same for multiple measurements or is sampled each time for a measurement. 
It is not clear if the oscillator drift sampled from a uniform distribution stays the same for multiple measurements or is sampled each time for a measurement. 
RAN1 has investigated different values for M. The setting of M is in the focus of RAN4 evaluation work. 
RAN1 has used doppler frequency based on the speed of 3km/h in the evaluations.
Related to PRS/SRS bandwidth aggregation:
TAE in a single-chain Tx architecture is negligible, thus group delay error is the main impairment. 
The following proposals are submitted.
Related to NR carrier phase positioning:
1. RAN4 should specify a definitive list of error sources and assumptions to be used for evaluations. 
RAN4 should define phase noise model to be used for evaluation in FR2. 
RAN4 should specify error models based on the list of error sources. 
RAN4 should specify which multipath mitigation method to be used based on the guidance from RAN1. 
RAN4 should specify if the initial residual CFO stays the same or changes between multiple phase measurements. 
RAN4 should specify if the oscillator drift stays the same or changes between multiple phase measurements. 
RAN4 should investigate and specify the value of M (time instances for carrier phase measurements). 
RAN4 should define assumptions for the evaluation framework for NR carrier phase positioning.
RAN4 should develop group delay model in FR1 and FR2, and phase noise error model in FR2.
Related to positioning for RedCap devices:
RAN4 to investigate the RF impact due to frequency hopping. 
RAN4 to request RAN plenary to clarify the scope of positioning techniques to be applied to RedCap UE’s, while pointing out that positioning techniques in Rel-16 and Rel-17 are considered by RAN4 to be in the primary focus.
Related to PRS/SRS bandwidth aggregation:
RAN4 should define assumptions for the evaluation framework for PRS/SRS bandwidth aggregation.
RAN4 should develop group delay model in FR1 and FR2, and phase noise error model in FR2 for the cases of equal and unequal carrier bandwidth.
RAN4 should define assumptions for the evaluation framework for PRS/SRS bandwidth aggregation.
Related to enabling LPHAP use-case 6:
No RF impacts are expected for enabling LPHAP use-case 6 as defined in TS 22.104.
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