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1. Introduction

In the approved Rel-18 WID on expanded and improved NR Positioning [1], the objectives on support of RedCap positioning, bandwidth aggregation for positioning and carrier phase positioning were justified as follow:
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This contribution aims to present our views from RAN2’s perspective on RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning respectively.

2. Discussion
2.1 RedCap Positioning

A RedCap UE has reduced capabilities with the intention to have lower complexity with respect to non-RedCap UEs. As defined in Rel-17 TR38.875 “Study on support of reduced capability NR devices”, the intention for support reduced capability NR devices in Rel-17 is to study a UE feature and parameter list with lower end capabilities, relative to Rel-16 eMBB and URLLC NR to serve the three uses case which includes Industrial wireless sensors, Video Surveillance, Wearables, and the general requirements for the three use cases are defined as [2]:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.
Based on above use cases and corresponding requirements, the study for NR RedCap devices mainly targets to identify potential UE complexity reduction features and UE power saving/battery lifetime enhancements, the aspects in detail like reduced number of TX/RX antennas, UE bandwidth reduction, half-duplex FDD, relaxed UE processing time/capability are identified as the potential features for low-complexity enhancements, and reduced PDCCH monitoring, e-DRX and RRM are considered as the power saving enhancements.
Observation 1: NR RedCap devices targets to UE complexity reduction and Power saving enhancements.
In Rel-18 study item for RedCap Positioning, the frequency hopping is evaluated and concluded as a potential solution to support the positioning for RedCap UEs [3]. The potential benefits and performance gains of frequency hopping for the DL PRS and UL SRS are investigated, taking into account at least the following:

-
The impact of Doppler, phase offset, timing offset, power imbalance among hops

-
RedCap UE capability and complexity considerations

-
Impact of RF retuning during frequency hopping

-
Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching).
According to the solution in the study phase, RAN1 has identified potential specification impact to support NR positioning for RedCap UEs which focuses on the detailed design of frequency hopping. The foreseeable impact for RAN2 is that the assistance information related to frequency hopping may need to be coordinated between LMF and NG-RAN nodes, to better align with the DL PRS configurations and specific PRS patterns. Since RAN2 has agreed to wait for RAN1’s conclusions on the signalling design for assistance data related to frequency hopping in Rel-18 study item and RAN1’s work related to this remains to be discussed during normative work. RAN2 is suggested to continue to wait for RAN1’s conclusions on frequency hopping at this stage.

Observation 2: RAN2 has agreed to wait for RAN1’ conclusion on the signalling design for assistance data for frequency hopping in study phase.
In addition, for the enhancements aside from frequency hopping in UE complexity reduction and power saving enhancements. For example, some solutions are proposed in study phase, e.g., DRX enhancements for power efficiency purpose. In the objective of LPHAP enhancements, positioning-specific enhancement for eDRX cycle and the alignment between eDRX and PRS configuration may also applicable only for eRedCap, with a bit difference that the objectives for RedCap are not exclude RedCap UEs in RRC_CONNECTED. However, considering RAN1 has no evaluation results to support related solutions at least in study phase, and RAN2’s work on RedCap Positioning depends on RAN1’s conclusion. It is suggested to down-prioritize the discussion for other enhancements asides from frequency hopping on RedCap Positioning, RAN2 may discuss related solutions on signalling details if RAN1 identifies the needs.
Proposal 1: For the enhancements on RedCap Positioning, RAN2 is suggested to wait for more progress in RAN1.
2.2 Carrier Phase Positioning

RAN1 has already conducted an evaluation and performance analysis of carrier phase positioning with consideration of error impairments including initial phase errors, impact of CFOs, ARP errors, phase center offset (PCO) errors [3]. As per the WID objective, the focus is on specifying DL and UL carrier phase measurements and associated signalling, which requires RAN1 input. The associated signalling may include impacts to assistance data configuration, measurement configuration and corresponding reporting of carrier phase measurements for supporting UE-based and UE-assisted positioning. Further discussion will also be required on whether carrier phase measurements are configured and reported along with existing positioning methods or as a standalone positioning method. However, further RAN2 work may only be meaningful pending further updates from RAN1.
Proposal 2: Foreseeable impacts of Carrier phase positioning in RAN2 include signalling impacts to Assistance Data, Measurement configuration and Reporting procedures. FFS whether to specify the measurements and reporting jointly with existing positioning measurements or as a standalone method. Suggest to await RAN1 feedback on these issues.
2.3 PRS/SRS Bandwidth Aggregation
Another feature for enhanced positioning accuracy in Rel-18, is the support of PRS/SRS bandwidth aggregation across multiple PFLs/carriers. A key advantage of multi-carrier positioning is the ability to leverage a larger bandwidth to improve the CIR (Channel Impulse Response) resolution of the received and thus resolve the different paths in more accurate thus improving the overall positioning accuracy. The scope of the work focuses on intra-band contiguous carrier with a single RF chain and is applicable to all time-based positioning methods including Multi-RTT, DL-TDoA and UL-RTOA. Due to the high dependency on RAN1 progress, it also suggested that RAN2 await any further feedback from RAN1 in order to achieve any further meaningful progress. 
Proposal 3: It is recommended that RAN2 await any further feedback from RAN1 on supporting PRS/SRS bandwidth aggregation for the time-based positioning techniques.
3. Conclusion

Observation 1: NR RedCap devices targets to UE complexity reduction and Power saving enhancements.
Observation2: RAN2 has also agreed to wait for RAN1’ conclusion on the signalling design for assistance data for frequency hopping.
Proposal 1: For the enhancements on RedCap Positioning, RAN2 is suggested to wait for more progress in RAN1.
Proposal 2: Foreseeable impacts of Carrier phase positioning in RAN2 include signalling impacts to Assistance Data, Measurement configuration and Reporting procedures. FFS whether to specify the measurements and reporting jointly with existing positioning measurements or as a standalone method. Suggest to await RAN1 feedback on these issues.
Proposal 3: It is recommended that RAN2 await any further feedback from RAN1 on supporting PRS/SRS bandwidth aggregation for the time-based positioning techniques.
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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, 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 positioning, and NG-RAN node assisted [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].








3

