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Introduction
RAN4 started discussing requirements for the Rel-18 WI on expanded and improved NR positioning in RAN4#106 [1]. Initial agreements regarding the scope of RAN4 work related to SL positioning are listed below for reference.
In this brief paper we provide further proposals based on the RAN1 agreements reached to date.

Issue 4-1-1: PRS measurement requirements for 2Rx without frequency hopping:
Agreements:
· Reuse Rel. 17 core requirements to define core requirements for RedCap UE positioning in RRC_CONNECTED state for 2Rx RedCap UE for FDD/TDD without frequency hopping. FFS on RRC_INACTIVE state.
Issue 4-1-2: PRS measurement requirements for 1Rx without frequency hopping:
Agreements:
· RAN4 to evaluate whether it is feasible to reuse the existing PRS measurement periods in 38.133, Rel-17 for PRS measurements for 1Rx RedCap UE and the impact on side conditions and PRS measurement accuracies. 
· The evaluation is based on link level simulations.


Discussion
 Requirements with frequency hopping
RAN1 has reached some initial agreements on positioning measurements with frequency hopping [2]. Key agreements are reproduced below for convenience.
Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.

Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW

Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.
· Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.

Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 

Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources


Based on the above, at least DL PRS measurements with Rx frequency hopping within measurements gaps will be supported. RAN4 needs to define new core requirements for that scenario.
Proposal 1: RAN4 to define core requirements for DL PRS measurements with Rx frequency hopping within measurements gaps taking into account receiver retuning time between hops.
Further progress may be needed in RAN1 regarding the new RedCap UE processing capabilities with frequency hopping before RAN4 can start obtaining agreements on the detailed requirements.
Once RAN1 makes more progress, RAN4 should discuss how to define accuracy requirements for measurements with frequency hopping. At least the following factors should be considered when defining the requirements:
· Measurement bandwidth per hop
· Number of hops
· Amount of frequency overlap between hops

These and other factors should be considered when discussing simulation assumptions for measurement performance with frequency hopping.
Proposal 2: RAN4 to discuss simulation assumptions for measurement performance with frequency hopping, including the following factors
· Measurement bandwidth per hop
· Number of hops
· Amount of frequency overlap between hops
· Phase variations between hops
 Requirements without frequency hopping
In RAN4#106, companies in RAN4 agreed to evaluate whether it is possible to reuse the Rel-16 assumptions for number of PRS samples/repetitions and the PRS Es/Iot side-conditions to define PRS measurement accuracy requirements without frequency hopping for 1Rx RedCap UEs. Simulation assumptions for initial evaluation were agreed upon [3].
We have provided initial simulation results in a companion paper submitted in this meeting [4]. Based on our results we have the following observations and proposals.
Observation 1: In AWGN propagation conditions, simulated UE Rx-Tx, PRS-RSRP and RSTD measurement accuracy is not degraded significantly with 1Rx, relative to 2Rx. In most cases, there is minimal or no degradation. The largest degradation is often observed for small PRS BW (< 48 RB) and low SINR (-13 dB).
Observation 2: In fading propagation conditions, simulated UE Rx-Tx, PRS-RSRP and RSTD measurement accuracy is degraded significantly with 1Rx, relative to 2Rx, at low SINR (-13 dB).
RAN4 may consider evaluating a higher SINR condition to define requirements for 1Rx RedCap devices, e.g. -10 dB.
For 2Rx RedCap UEs, RAN4 agreed to reuse the Rel-17 core requirements for measurements without frequency hopping in connected state. For requirements in inactive state, it was left open for further discussions whether the Rel-17 could be reused. Our understanding is that at least when the UE is not configured with eDRX_IDLE, the Rel-17 PRS core requirements for inactive state can be reused.
Proposal 3: Reuse the Rel. 17 core requirements to define core requirements for 2Rx RedCap UE positioning measurements in RRC_INACTIVE state without frequency hopping when the UE is not configured with eDRX_IDLE. FFS the requirements in RRC_INACTIVE state when the UE is configured with eDRX_IDLE.
Conclusions
Proposal 1: RAN4 to define core requirements for DL PRS measurements with Rx frequency hopping within measurements gaps taking into account receiver retuning time between hops.
Proposal 2: RAN4 to discuss simulation assumptions for measurement performance with frequency hopping, including the following factors
· Measurement bandwidth per hop
· Number of hops
· Amount of frequency overlap between hops
· Phase variations between hops
Observation 1: In AWGN propagation conditions, simulated UE Rx-Tx, PRS-RSRP and RSTD measurement accuracy is not degraded significantly with 1Rx, relative to 2Rx. In most cases, there is minimal or no degradation. The largest degradation is often observed for small PRS BW (< 48 RB) and low SINR (-13 dB).
Observation 2: In fading propagation conditions, simulated UE Rx-Tx, PRS-RSRP and RSTD measurement accuracy is degraded significantly with 1Rx, relative to 2Rx, at low SINR (-13 dB).
Proposal 3: Reuse the Rel. 17 core requirements to define core requirements for 2Rx RedCap UE positioning measurements in RRC_INACTIVE state without frequency hopping when the UE is not configured with eDRX_IDLE. FFS the requirements in RRC_INACTIVE state when the UE is configured with eDRX_IDLE.
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