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1 Introduction
In RAN#98e meeting, the SI for R18 positioning evolution was completed and the following WI was set up in [1]. The objective of this work item is to specify solutions to introduce sidelink ranging/positioning, to introduce integrity for RAT-dependent positioning methods, to enable LPHAP use-case 6 defined in TS 22.104, to improve positioning accuracy, and to introduce support of positioning for RedCap UEs. 
In last meeting, RAN4 has discussed general RRM impact of the above aspects with conclusions captured in [2]. RAN1#112 meeting has also discussed the work item and the agreements were captured in [3]. In this paper, we further discuss the potential RRM requirements for Redcap positioning based on RAN1 progress. 
2 Discussion
Based on the following objective on Redcap positioning in the WID, the main target is to specify the support of frequency hopping for Redcap UE and RAN4 needs to define the RRM requirements for Redcap UE for both with and without frequency hopping. 
	· 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].


To define the RRM requirements for Redcap UE, we need to firstly clarify the applicable positioning method and measurement for Redcap UE. Unless specifically informed by RAN1/2, we think the positioning method and measurement types (RSTD, PRS RSRP, UE Rx-Tx time difference and PRS RSRPP) defined in R17 can also be applied to Redcap UE. And the measurement requirements can also be reused including the measurement with and without gap and also including the measurement in RRC_CONNECTED and RRC_INACTIVE state at least for 2Rx Redcap UE without frequency hopping. 
For 1Rx Redcap UE without frequency hopping, we have the following agreement on the measurement requirements in last meeting and the simulation assumption for 1Rx Redcap UE is agreed in [4]. Based on the simulation assumption, we can see the only difference is the number of receive antennas comparing to R17 simulation. We understand the results should be similar as 2Rx with the same bandwidth. So we think the positioning measurement requirements in R17 can also be reused for 1Rx Redcap UE without frequency hopping. And even though the results are a little different from 2Rx, it should be reflected on side condition or accuracy requirements rather than measurement period requirements. So in summary, for both 1Rx and 2Rx Redcap UE without frequency hopping, the R17 measurement requirements including RSTD, PRS RSRP, UE Rx-Tx time difference and PRS RSRPP measurement can be reused. 
	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.


Proposal 1: For 1Rx and 2Rx Redcap UE without frequency hopping, the R17 measurement requirements for RSTD, PRS RSRP, UE Rx-Tx time difference and PRS RSRPP can be reused including: 
· Both FR1 and FR2
· Both RRC_CONNECTED and RRC_INACTIVE state
· Both with gap and without gap
· Enhancement on reduced samples, Rx beams and TEG
For 1Rx and 2Rx Redcap UE with frequency hopping, the measurement requirements may be impacted by the hopping design which is discussed in RAN1. For example, the impact of switching time between adjacent hops may need to be considered. 
Based on the following RAN1 agreement, the switching time between adjacent hops need to be considered. And RAN4 is requested to decide the feasible values which will be discussed in RF part in this meeting. Then for RRM part, we need to discuss whether and how to consider this switching time into measurement requirements. Since we understand the frequency hopping is only used for receiving PRS resource with larger bandwidth (e.g. larger than 20MHz in FR1) and the measurement will be performed after total PRS bandwidth are received, we think the switching time may not need to be included in the measurement requirements. But the available PRS periodicity used for measurement can be different. On the other hand, considering the UE mobility, this switching time may impact the validity of the measurements. So for further details on the measurement requirements for Redcap UE with frequency hopping, we need to wait for more progress in RAN1 design. 
	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.


Proposal 2: RAN4 to discuss the impact of switching time between adjacent hops on the measurement requirements for 1Rx and 2Rx Redcap UE. 
Proposal 3: RAN4 to wait for more progress on the hopping design in RAN1 to define the detailed measurement requirements for 1Rx and 2Rx Redcap UE with frequency hopping. 
For the accuracy requirements for Redcap UE without frequency hopping, the evaluation for 1Rx Redcap UE can be performed based on the agreed assumption [4]. For 2Rx Redcap UE, we understand the simulation assumption should be same as that for R17 positioning except that the bandwidth is limited to 20MHz for FR1 and 100MHz for FR2. So the accuracy requirements in R17 can be reused for 2Rx Redcap UE without frequency hopping. 
For the accuracy requirements for Redcap UE with frequency hopping, we need to wait for the RAN1 design to decide the simulation assumption and further evaluate the performance. In this case, the PRS bandwidth can be larger than 20MHz in FR1 and 100MHz in FR2. 
Proposal 4: The accuracy requirements in R17 with bandwidth no larger than 20MHz in FR1 and 100MHz in FR2 can be reused for 2Rx Redcap UE without frequency hopping. 
Proposal 5: RAN4 to wait for more progress on the hopping design in RAN1 to define the simulation assumption with PRS bandwidth larger than 20MHz (in FR1) and 100MHz (in FR2) for 1Rx and 2Rx Redcap UE with frequency hopping. 
3 Summary
In this paper, we discuss the RRM aspects on Redcap positioning and the following proposals are given: 
Proposal 1: For 1Rx and 2Rx Redcap UE without frequency hopping, the R17 measurement requirements for RSTD, PRS RSRP, UE Rx-Tx time difference and PRS RSRPP can be reused including: 
· Both FR1 and FR2
· Both RRC_CONNECTED and RRC_INACTIVE state
· Both with gap and without gap
· Enhancement on reduced samples, Rx beams and TEG
Proposal 2: RAN4 to discuss the impact of switching time between adjacent hops on the measurement requirements for 1Rx and 2Rx Redcap UE. 
Proposal 3: RAN4 to wait for more progress on the hopping design in RAN1 to define the detailed measurement requirements for 1Rx and 2Rx Redcap UE with frequency hopping. 
Proposal 4: The accuracy requirements in R17 with bandwidth no larger than 20MHz in FR1 and 100MHz in FR2 can be reused for 2Rx Redcap UE without frequency hopping. 
Proposal 5: RAN4 to wait for more progress on the hopping design in RAN1 to define the simulation assumption with PRS bandwidth larger than 20MHz (in FR1) and 100MHz (in FR2) for 1Rx and 2Rx Redcap UE with frequency hopping. 
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