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1	Introduction
With relevant studies now completed [1], a work item on expanded and improved NR positioning was approved during RAN #98e [2]. The detailed objectives are found below:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2]
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].
· 

· [bookmark: _Hlk127269926]Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].
· [bookmark: _Hlk127270020][bookmark: _Hlk127270021]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].
· 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].
· 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].
· 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].
· Define extensions of signalling, protocol, and procedure for NR positioning enhancement, as needed for the above objectives [RAN3].

[bookmark: _Hlk127270362]Based on the above objectives and study conclusions, in this paper we share our views on potential scope for the RF discussions of the expanded and improved NR positioning work item.
2	Discussion
2.1	RAN4 study conclusions
RF discussions during the study item phase focused on two feasibility assessments: PRS/SRS bandwidth aggregation, and NR carrier phase measurements. The main agreements captured in RAN4 [3,4], and included in TR 38.859 [5], are summarized below:
· [bookmark: _Hlk126903714]Study based on PRS/SRS bandwidth aggregation
· RF architecture
· Prioritize the single RF chain (Tx/Rx) for BS and UE in the study
· Scenario
· Prioritize intra-band contiguous CA with simultaneous PRS/SRS transmission for the RF and RRM impacts study
· CA configurations with 2, 3 and 4 CCs should be investigated and the configuration with 2 CCs should be prioritized over 3 and 4 CCs
· TAE and group delay need be studied. In addition, phase noise needs be studied for FR2.
· RF impairment model and assessment
· RAN4 to evaluate the impact of group delay on the performance of PRS/SRS aggregation covering PRS/SRS resources with both same PRS bandwidth and different bandwidths
· TAE for single RF chain: No need to discuss TAE for single RF chain architecture
· TAE refers to the TAE requirements across carriers in BS specification
· PRS/SRS bandwidth aggregation for intra-band contiguous carrier is feasible for single chain Tx/Rx architectures at both the UE and gNB
· The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna
· Single chain Tx architecture means the single RF chain with single antenna
· [bookmark: _Hlk126903742]Study based on NR carrier phase measurements
· RAN4 study on RF requirement
· [bookmark: _Hlk127297551]RAN4 shall wait for conclusion from RAN1 evaluation of impact of different error sources on carrier phase measurement before starting study on RF requirement for NR carrier phase measurement
· Carrier phase measurement discussions will be left for WI phase


2.2	RF scope
Carrier phase positioning
[bookmark: _Hlk127542038]RAN4 previously agreed to wait for RAN1 to conclude their carrier phase positioning evaluations before addressing the topic [5]. With the study item phase concluded, RAN4 can discuss RAN1’s findings, error sources, evaluation methodology and modelling assumptions as a starting point and to help determine where to focus our studies. Then, a deeper assessment into the error sources is recommended.

Proposal 1: As a starting point, RAN4 can discuss the available findings of RAN1’s study (including details on error sources, evaluation methodology and modelling assumptions). To determine if any requirements are needed, we may wait for further RAN1 progress and input.





RedCap objective
From RAN1's perspective, the following have been identified for potential specification impact to support NR positioning for RedCap UEs:
-	Maximum tolerable phase error, timing gap, and timing error between hops.
-	Considerations for IIoT, commercial, Public Safety and V2X scenarios, and UE capabilities.
-	Details on the Tx or Rx hopping pattern(s), including frequency overlapping between hops, if supported

Considering the errors identified as potentially impacting positioning performance for a RedCap UE, assessing frequency retuning will be needed.


Proposal 2: RAN4 should further study RF considerations involved in frequency hopping based on DL PRS reception or SRS for positioning transmissions for RedCap positioning. This discussion will involve communication and direction from RAN1.


3	Conclusions
In this paper we shared initial views on RF discussion points for the Expanded and Improved NR positioning work item. The following proposals were made:

Carrier phase positioning
Proposal 1: As a starting point, RAN4 can discuss the available findings of RAN1’s study (including details on error sources, evaluation methodology and modelling assumptions). To determine if any requirements are needed, we may wait for further RAN1 progress and input.

RedCap
Proposal 2: RAN4 should further study RF considerations involved in frequency hopping based on DL PRS reception or SRS for positioning transmissions for RedCap positioning. This discussion will involve communication and direction from RAN1.
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