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Introduction
The specification of positioning for RedCap devices is one of the objectives in the Rel-18 WID on expanded and improved positioning [1]. 
The WID depicts the RAN4 work related to this accuracy improvement technology as replicated below:
	· 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].



In RAN4#106 [2], PRS measurement requirements for 1Rx and 2Rx without frequency hopping are discussed as follows.
	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.
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.



This contribution investigates impacts to RRM core requirements for RedCap positioning.
Discussion
Impacts to RRM core requirements for RedCap positioning on DL and UL are discussed in this section.
Scope 
Supported RRC States
As the WID [1] does not mention the supported RRC states, RAN4#106 discussed the RRC states for PRS measurement requirements [2]. In our view, positioning support for both RRC_INACTIVE and RRC_CONNECTED states should be enabled for RedCap UE’s, as done for MBB UE’s in Rel-17. In addition, RedCap UE’s may stay longer in RRC_INACTIVE states compared to MBB UE’s. Therefore, requirements for PRS measurements in RRC_INACTIVE need also be specified. 
RAN4 to define the core requirements for positioning of RedCap UE in both RRC_INACTIVE and RRC_CONNECTED states.
Supported positioning techniques 
The WID [1] does not mention the scope of positioning techniques to be considered for RedCap UE’s. 
Regarding the aspect, whether RedCap positioning enhancements should be limited to Rel-16 and Rel-17 positioning techniques or extended to cover also Rel-18 positioning techniques, our understanding is that Rel-16 and Rel-17 is in the primary focus and Rel-18 enhancements would be applicable to RedCap UE’s in a later release, i.e. Rel-19. 
However, we welcome views from operators and manufacturers on extending the scope to Rel-18 positioning techniques, i.e., to also consider NR CPP, PRS/SRS BW aggregation, and LPHAP to be applied to RedCap UE’s in Rel-18. 
The Rel-18 work scope of RAN4 should focus on positioning techniques specified in Rel-16 and Rel-17. 
RRM Impacts
DL measurements for RedCap
Impacts from DL PRS Rx hopping
For RedCap positioning, the reduced RF bandwidth of 20 MHz in FR1 and 100 MHz in FR2, respectively, is a limiting factor for PRS reception. Since the reduced number of Rx antennas is used (i.e. 1 Rx and 2 Rx RedCap UE in FR1 and 2 Rx RedCap UE in FR2), the measurement accuracy for RSTD and UE Rx-Tx time difference is expected to be degraded. To compensate the loss in measurement accuracy, RedCap UE may perform frequency hopping for DL PRS reception beyond its maximum RF bandwidth, as it is being investigated by RAN1 and RAN2. However, DL PRS Rx hopping may increase the complexity of RedCap UE since RedCap is targeting a low-complexity device with relaxed processing time. In that case, if RedCap positioning is performed with DL PRS Rx hopping, the RRM impact due to frequency hopping needs to be assessed both for RRC_INACTIVE and RRC_CONNECTED states.
RAN4 to investigate and specify the RRM impact due to DL PRS Rx hopping for both RRC_INACTIVE and RRC_CONNECTED states.
RAN1 has sent an LS to RAN4 [3] requesting guidance from RAN4 on the required switching time in case of DL PRS Rx hopping. RAN1 would like to make this switching time as short as possible, as the measurements are carried out within MG. One among several RAN1 #112 agreements (see Annex) says for positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource, i.e. within a fraction of a slot. Whilst the required switching time will be discussed in RAN4 RF session, there are related RRM impacts for MG assisted PRS measurements which need further investigation, such as: 
· Suitable MG patterns: Depending on the RF switching time investigated by RAN4 RF session, shorter MG's such as with MGL= 3ms may not be suited for RedCap positioning. RAN4 has to investigate suitable MG patterns with sufficient long MGL (e.g. 6ms, 10ms, 20ms). 
· As the measurement period for a single sample depends on the number of hops per PRS BW, it is assumed that this may be configurable or RAN1 will provide a table to derive required number of hops for a given PRS BW. 
· In addition, on top of the single sample, the number of samples for normal measurement (i.e. w/o latency reduction) needs investigation, which is expected to be different for 2 Rx RedCap UE and 1 Rx RedCap UE.
RAN4 to investigate suitable MG patterns based on the RAN1 design of DL PRS Rx hopping, including duration and number of RF hops for a given PRS BW, as well as the number of required samples for a normal measurement both for 2 Rx and 1 Rx RedCap UE’s. 
Impacts of RedCap device types 
For RedCap positioning, according to the WID [1] for both 1 Rx and 2 Rx RedCap UE’s measurement requirements need to be considered for both cases, i.e. with and without frequency hopping, respectively. 
· For 2 Rx RedCap UE, the requirements specified for positioning measurements in Rel-16 / Rel-17 for a PRS BW up to 20 MHz in FR1 and 100 MHz in FR2 can form a baseline when no frequency hopping is used. Depending on the DL PRS hopping designed by RAN1, the impact of frequency hopping for 2 Rx RedCap UE will need to be analyzed in terms of maximum supported PRS BW. 
· [bookmark: _Hlk131522755]For 1 Rx RedCap UE, it is expected that measurement requirements will differ from existing Rel-16 / Rel-17 requirements. Both measurement period requirements and measurement accuracy requirements will need to be studied with and without frequency hopping, respectively.
RAN4 to investigate measurement requirements for the non-hopping case for 1 Rx and 2 Rx UE, thereafter for the hopping case based on RAN1 Rx hopping design for DL PRS.
Impacts from mobility procedures 
The impact on measurement requirements for RedCap UE due to mobility procedures should be investigated by RAN4 similar as done for Rel-16/Rel-17 positioning techniques. This refers to RRM impacts from handover, RRC re-establishment, SRS reconfiguration, timing advance / autonomous timing adjustments, etc. similar as done for Rel-16/Rel-17. For instance, whether the PRS measurement has to be restarted or can be resumed after handover / RRC-reestablishment in RRC_CONNECTED state or cell reselection in RRC_INACTIVE state. 
RAN4 to investigate the impact of mobility procedures on measurement requirements.
Measurement period and reporting requirements 
When RedCap UE is in RRC_CONNECTED state, measurement period and reporting requirements for DL PRS measurements need to be studied for both 1 Rx and 2 Rx UE’s. In RRC_CONNECTED state, the PRS measurements are performed within a MG according to RAN1 #112 agreement (see Annex). Whether PRS measurements may also be supported outside MG using PPW is currently being studied by RAN1. If the measurement is done outside MG with PPW, a complexity issue may arise on RedCap UE as it needs to support a certain Rx time difference to serving cell for measuring PRS of other cells. Therefore, different PPW types will need to be considered based on UE capability to specify the measurement requirements. 
RAN4 to specify MG assisted PRS measurement period and reporting requirements for RedCap and wait RAN1’s conclusion on using PPW outside MG before investigating gapless measurement requirements and requirements for a combination of MG assisted and gapless measurements, as done for MBB UE in Rel-17.
UL measurements for RedCap
Impacts from Tx hopping applied to SRS for positioning 
For RedCap positioning, the reduced RF bandwidth of 20 MHz in FR1 and 100 MHz in FR2, respectively, is a limiting factor for measurement accuracy of SRS for positioning as observed for UL measurements RTOA and gNB Rx-Tx time difference. To compensate for this loss in measurement accuracy, RedCap UE may perform Tx hopping for UL SRS for positioning beyond its maximum RF bandwidth, as will be investigated by RAN1 and RAN2. However, Tx hopping may increase the complexity of RedCap UE since RedCap is targeting a low-complexity device with relaxed processing time. In that case, if RedCap positioning is performed with Tx hopping, the RRM impact due to Tx hopping needs to be assessed.
RAN4 should investigate the RRM impact of Rel-16 UL SRS for positioning Tx hopping.
In the RAN1 LS sent to RAN4 [3] guidance from RAN4 on the required switching time in case of UL SRS for positioning hopping is also requested. As for DL, RAN1 would like to make this switching time as short as possible, as the switching time will prolong the measurement and hence the UE cannot be scheduled. To this purpose RAN1 has reached agreement to use a configuration for Tx hopping separate from the existing BWP configuration and is studying whether Tx hopping is configured within a SRS resource or across SRS resources (see Annex). RAN4 will need to await further progress in RAN1 to identify the RRM impact. RAN4 can proceed meanwhile with the non-hopping case for BW up to 20 MHz in FR1 and 100 MHz in FR2. 
 RAN4 to investigate measurement requirements for the non-hopping case, thereafter for the hopping case based on RAN1 Tx hopping design for UL SRS for positioning.
Conclusion
The scope of RRM impacts for RedCap positioning as part of the Rel-18 WI on Expanded and Improved NR positioning is investigated in this contribution.
The following proposals are made.	
1. RAN4 to define the core requirements for positioning of RedCap UE in both RRC_INACTIVE and RRC_CONNECTED states.
The Rel-18 work scope of RAN4 should focus on positioning techniques specified in Rel-16 and Rel-17. 
RAN4 to investigate and specify the RRM impact due to DL PRS Rx hopping for both RRC_INACTIVE and RRC_CONNECTED states.
RAN4 to investigate suitable MG patterns based on the RAN1 design of DL PRS Rx hopping, including duration and number of RF hops for a given PRS BW, as well as the number of required samples for a normal measurement both for 2 Rx and 1 Rx RedCap UE’s. 
RAN4 to investigate measurement requirements for the non-hopping case for 1 Rx and 2 Rx UE, thereafter for the hopping case based on RAN1 Rx hopping design for DL PRS.
RAN4 to investigate the impact of mobility procedures on measurement requirements.
RAN4 to specify MG assisted PRS measurement period and reporting requirements for RedCap and wait RAN1’s conclusion on using PPW outside MG before investigating gapless measurement requirements and requirements for a combination of MG assisted and gapless measurements, as done for MBB UE in Rel-17.
RAN4 should investigate the RRM impact of Rel-16 UL SRS for positioning Tx hopping.
RAN4 to investigate measurement requirements for the non-hopping case, thereafter for the hopping case based on RAN1 Tx hopping design for UL SRS for positioning.
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Annex 
The agreements related to RedCap positioning in RAN1#112 are captured below. 
	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
Conclusion
The scope for RedCap positioning includes FR1 and FR2.

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
[bookmark: _Hlk131518372]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 
· [bookmark: _Hlk131522312]Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources



