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Introduction
A new Rel-18 WI on positioning enhancement [1] has been approved, and several objectives in the WID have RAN4 RRM involvement. As this is the first meeting for this WI, we will provide our initial views on potential impacts on RRM requirements.
Discussion
SL positioning 
	· 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].


Based on the outcome of the study item, SL positioning including absolute positioning, relative positioning and ranging are all based on SL PRS measurement. Like Uu positioning, different positioning techniques are considered including SL-RTT, SL-TDOA and SL-AoA. Different positioning techniques involve different positioning measurements, and based on 38.859 following SL PRS measurements will be introduced.
	With regards to the Positioning methods supported using SL PRS measurements at least the following measurements are agreed to be introduced:
-	SL Rx-Tx time difference measurement
-	SL RSTD measurement
-	SL RSRP measurement
-	SL RSRPP measurement 
-	SL RTOA measurement
-	SL Azimuth angle of Arrival (AoA) and SL Zenith angle of Arrival (ZoA) measurement.


Similar to the requirements for Uu positioning, RAN4 should define at least requirements for measurement period and accuracy for different SL PRS measurements. Of course, RAN4 needs to wait for RAN1/2 progress before touching the detailed requirements. For example, to define the requirements RAN4 needs to know the SL PRS design, exact definition of the measurements as well as the physical layer and maybe higher procedure such as SL PRS resource configuration/activation and SL PRS resource allocation.
Besides the requirements for SL PRS measurement, RAN4 also needs to study possible impacts of SL PRS measurement on existing RRM requirements. This includes not only RRM requirements for Uu but also for SL communication as defined in clause 12. Of course, this study also should be based on RAN1/2 progress.
[bookmark: _Hlk126071882]Proposal 1: RAN4 to define measurement period and accuracy for SL PRS measurement based on RAN1/2 inputs on e.g. SL PRS design, measurement definition, procedure for SL PRS Tx/Rx.
[bookmark: _Hlk126072623]Proposal 2: RAN4 to study the possible impacts of SL PRS measurement on existing RRM requirements for both Uu and SL. 
One issue RAN4 could already start to work on is the side condition for SL PRS measurement, including the Es/Iot and propagation. It will impact the development of the requirements e.g. the number of samples. Uu PRS measurements are conditioned on different Es/Iot levels between 0dB and down to -13dB. RAN4 could check whether they are applicable for SL positioning scenarios including V2X, Public Safety, IIoT and Commercial. Also, accuracy requirements for Uu PRS measurement are defined for AWGN and fading channels, and RAN4 also needs to check if they should be re-used or not.
Proposal 3: RAN4 to discuss the side conditions e.g. Es/Iot and propagation, for SL PRS measurement.
LPHAP
	· 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].


LPHAP is to enable positioning use cases with very low power consumption (with battery life 6-12 months). RAN1/2 have identified several techniques to lower the UE power consumption, and RAN4 need to define corresponding requirements. 
For eDRX, >10.24s eDRX cycle in INACTIVE will be introduced to help power saving. It is noted in the WID that the work should be coordinated with Rel-18 eRedCap WI. In our view, eRedCap will define the basic framework while positioning specific aspects are to be considered in fePOS WI. For RAN4, in our view there are at least two issues, one is RRM measurement and the other is PRS measurement.
The RRM measurement requirements >10.24s eDRX cycle in INACTIVE are being discussed in parallel in eRedCap WI. Assuming the principle for >10.24s eDRX cycle in IDLE (without INACTIVE eDRX) is used, UE would only perform RRM measurement within PTW. This is reasonable considering the need of paging, but it may not be sufficient considering positioning specific needs. 
For example, if the INACTIVE eDRX cycle is 40min, it means UE may not perform RRM measurement during 40min. On the other hand, UE may be configured to receive PRS or transmit SRS every 10s. UE can lose sync towards the serving cell or even move out of the serving cell during the 40min, and it means UE cannot correctly determine the search window for PRS measurement or use correct configuration (including TA) for SRS transmission. UE may need to perform additional RRM measurement to fulfil the positioning specific needs for sync and mobility, and RAN4 needs to discuss how to define RRM requirements.
For PRS measurement in INACTIVE, the principle in Rel-17 is that UE is only required to perform one measurement every DRX cycle, which is same as RRM measurement. If we follow the same principle for RRM measurement (without considering the positioning specific needs), UE would perform measurement only within PTW, and that may mean there is no PRS measurement during the 40min in between two PTWs. Similar as above discussion for RRM measurement, this may disable the LPHAP use case where the positioning interval is 15-30s.
Proposal 4: RAN4 to discuss RRM requirements for >10.24s eDRX in INACTIVE considering positioning specific needs for sync and mobility. 
Proposal 5: RAN4 to discuss PRS measurement requirements for >10.24s eDRX in INACTIVE.
Besides eDRX, another enhancement for LPHAP that has clear RAN4 impact is PRS measurement in IDLE. RAN4 needs to define PRS measurement period requirements for IDLE, and in our view, the requirements for INACTIVE can be used as the starting point. For RRM measurement, the requirements for IDLE and INACTIVE are almost the same. 
Proposal 6: RAN4 to define PRS measurement requirements in IDLE, and requirements for INACTIVE can be used as the starting point. 
RedCap positioning 
	· 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].


For RedCap positioning we understand there are two working areas for RAN4.
One area is to define requirements without frequency hopping. RedCap UE is introduced in Rel-17 but RAN4 has not discussed the positioning measurement requirements for RedCap, which is a missing part to be fixed in Rel-18. 
For 2Rx RedCap, we believe the Rel-17 PRS measurement period, measurement accuracy and side conditions can be re-used. For 1Rx RedCap RAN4 needs to evaluate the PRS measurement accuracy for 1Rx RedCap UE, and we suggest to re-use the Rel-17 measurement period. Likely some relaxed accuracy need to be defined for 1Rx with current side condition, while another direction is to improve the side condition and keep the existing accuracy. Details can be discussed based on simulation.
Proposal 7: Rel-17 PRS measurement period, measurement accuracy and side conditions are re-used for 2Rx RedCap UE. 
Proposal 8: RAN4 to evaluate the PRS measurement accuracy and side condition for 1Rx RedCap UE, assuming the Rel-17 measurement period are re-used. 
Another area is to define requirements with frequency hopping. Frequency hopping is to enable RedCap UE to access a larger BW than 20MHz so to achieve a higher measurement and positioning accuracy. The details of the frequency hopping are to be discussed in RAN1. Based on RAN1 inputs, RAN4 can define the measurement period and measurement accuracy, for both 1Rx and 2Rx RedCap UEs.
Proposal 9: RAN4 to define PRS measurement period and measurement accuracy for RedCap UE (both with 1Rx and 2Rx) with frequency hopping based on RAN1 inputs. 
BW aggregation 
	· 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].


PRS BW aggregation is discussed by RAN4 during the SI. The motivation is to improve measurement accuracy for timing related measurements by using PRS resources on multiple PFLs coherently. Ideally, aggregating two PFL of 50MHz each can achieve same accuracy as one PFL of 100MHz.
RAN1/2 will define signaling and procedures to support PRS BW aggregation. From RAN4 requirements, we can assume that UE knows which resources on different PFLs are to be aggregated. As UE generates one TOA estimate for each resource combination, we can assume aggregated PFLs are measured at the same time. This is different from current requirements with multiple PFLs.
For example, with 2 PFLs the current requirements are defined assuming they are measured sequentially by using the sum approach to define measurement period. If all PRS resources on the two PFLs are aggregated, they can be considered as a single PFL. On the other hand, when measuring the aggregated BW, new processing capability for N’ and {N,T} may be needed. 
New measurement accuracy should be defined for the larger aggregated BW. It needs to be discussed whether the existing accuracy can be re-used for BW aggregation. For example, we have accuracy for 20MHz, and whether it can be applicable for 10MHz + 10MHz needs to be discussed. 
Proposal 10: RAN4 to define PRS measurement period and measurement accuracy with resource aggregation across up to 3 PFLs.
· Current measurement period can be used as starting point, while the number of PFLs needs to be updated to account for aggregated PFLs and new processing capability may be needed
· New measurement accuracy should be defined for the larger aggregated BW.
Besides the measurement requirements, the report mapping for RSTD and Rx-Tx also needs to be updated to account for the larger aggregated BW. Smaller reporting granularity could be used compared to the current applicable values. Also we may need to define new mapping table for reporting granularity below 1Tc.
Proposal 11: RAN4 to update the report mapping for RSTD and Rx-Tx including 
· Applicable granularity 
· New mapping table for reporting granularity below 1Tc
Carrier phase positioning 
	· 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].


For CPP, carrier phase measurement will be used to help achieve cm-level positioning accuracy. Based on outcome of the SI, new measurement will be introduced.
	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.


Like for existing measurements, RAN4 should define measurement period and accuracy for the new carrier phase measurement. On the other hand, RAN1 has not concluded the exact measurement definition, so RAN4 needs to wait for RAN1 progress. Technically, carrier phase measurement in time domain is to take the phase of the detected path which is similar to RSRPP which takes the power of a detected path; in frequency domain it should be referenced to a subcarrier. 
The measurement definition will impact how UE/TRP performs the PHY measurement. The number of samples in measurement period also depends on the definition, i.e. whether combining across multiple occasions to derive one phase measurement is applicable or not. 
The accuracy requirements of phase measurement also depend on measurement definition. For example, it may be difficult and unnecessary to define absolute accuracy for absolute phase measurement, as the initial phase of the transmitter and receiver are random and will be cancelled out using differencing. Depending on the exact definition and assumption for performing the measurements in PHY, the error sources discussed by RAN1 during the SI like CFO or phase noise may need to be considered when defining the accuracy.
Proposal 12: RAN4 to define PRS measurement period and measurement accuracy for carrier phase measurement based on RAN1 inputs on measurement definition.
Conclusions
In this paper we provided our initial views on potential impacts on RRM requirements from Rel-18 POS.
Proposal 1: RAN4 to define measurement period and accuracy for SL PRS measurement based on RAN1/2 inputs on e.g. SL PRS design, measurement definition, procedure for SL PRS Tx/Rx.
Proposal 2: RAN4 to study the possible impacts of SL PRS measurement on existing RRM requirements for both Uu and SL. 
Proposal 3: RAN4 to discuss the side conditions e.g. Es/Iot and propagation, for SL PRS measurement.
Proposal 4: RAN4 to discuss RRM requirements for >10.24s eDRX in INACTIVE considering positioning specific needs for sync and mobility. 
Proposal 5: RAN4 to discuss PRS measurement requirements for >10.24s eDRX in INACTIVE.
Proposal 6: RAN4 to define PRS measurement requirements in IDLE, and requirements for INACTIVE can be used as the starting point. 
Proposal 7: Rel-17 PRS measurement period, measurement accuracy and side conditions are re-used for 2Rx RedCap UE. 
Proposal 8: RAN4 to evaluate the PRS measurement accuracy and side condition for 1Rx RedCap UE, assuming the Rel-17 measurement period are re-used. 
Proposal 9: RAN4 to define PRS measurement period and measurement accuracy for RedCap UE (both with 1Rx and 2Rx) with frequency hopping based on RAN1 inputs. 
Proposal 10: RAN4 to define PRS measurement period and measurement accuracy with resource aggregation across up to 3 PFLs.
· Current measurement period can be used as starting point, while the number of PFLs needs to be updated to account for aggregated PFLs and new processing capability may be needed
· New measurement accuracy should be defined for the larger aggregated BW.
Proposal 11: RAN4 to update the report mapping for RSTD and Rx-Tx including 
· Applicable granularity 
· New mapping table for reporting granularity below 1Tc
Proposal 12: RAN4 to define PRS measurement period and measurement accuracy for carrier phase measurement based on RAN1 inputs on measurement definition.
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