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Introduction
RRM impacts for Rel-18 positioning are discussed in RAN4#106, and the outcomes are captured in [1]. One objective is to support RedCap positioning, and the following issues need to be further discussed.
· Requirements without FH
· Requirements with FH
In this paper we will provide our views on RedCap positioning.
Discussion
Requirements without FH
	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.


In our view, positioning in INACTIVE state is very relevant for RedCap UEs for power saving. At least for the caser without FH, no matter 1RX or 2RX, the measurement behaviour of RedCap UE would be very similar to normal UE. RAN4 has defined requirements for normal UE in INACTIVE state in Rel-17, and we do not see any reason to preclude INACTIVE state for RedCap UE. In addition, we believe the Rel-17 core requirements for INACTIVE state can also be re-used for RedCap with 2RX without FH.
Proposal 1: Requirements for PRS measurement without FH are defined for both CONNECTED and INACTIVE states.
Proposal 2: Rel-17 core requirements for INACTIVE state are re-used for RedCap with 2RX without FH in 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.


For 1RX RedCap, there was a discussion last meeting whether both FR1 and FR2 should be considered. Based on the following texts in 38.306, we agree that FR2 RedCap UE is always assumed to have 2RX, so requirements for PRS measurement with 1RX need to be defined for FR1 only.
-	For FR1, 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported; for FR2, either 1 or 2 DL MIMO layers can be supported, while 2 Rx branches are always supported. For FR1 and FR2, UE features and corresponding capabilities related to more than 2 UE Rx branches or more than 2 DL MIMO layers, as well as UE features and capabilities related to more than 1 UE Tx branch or more than 1 UL MIMO layer are not supported by RedCap UEs;
Proposal 3: Requirements for PRS measurement with 1RX are defined for FR1 only.
We have provided our simulation results in companion paper and the observations are reproduced below.
	Observation 1: For RSTD and UE Rx-Tx, with Es/Iot of -13dB and TDL-A channel, the first path detection performance is poor (detection rate <90%) with 1RX.
Observation 2: For RSTD and UE Rx-Tx, for other cases than Es/Iot of -13dB and TDL-A channel, the TOA estimation error is larger with 1RX.


Based on the observations, we have the following proposal.
Proposal 4: For PRS measurement without FH with 1RX, re-use the Rel-17 measurement period, and 
· For TDL-A channel, define new Es/Iot side condition for 1RX, higher than -13dB, exact value TBD
· For AWGN channel, re-use the Rel-17 side conditions, and relax accuracy requirements
Requirements with FH
	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
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



RAN1 agreed that only Rx FH is supported for PRS measurement, i.e. no Tx FH will be defined in RAN1. Although RAN1 will further discuss details in Rx FH such as processing capability and use of PPW, we believe RAN4 should already start to discuss the requirements for FH because how UE performs FH for the PRS measurement may be reflected mainly in RAN4 requirements. 
Based on 38.859, the time gap between different hops will impact the performance. Although RAN1 is still discussing use of single or multiple MG occasions for FH, our view is that RAN4 requirement should prioritize FH within a single MG occasion because the time drift in between MG occasions will make it difficult for UE to compensate phase offset and there may be no performance gain from using FH. Our basic understanding of Rx FH is shown in Figure 1, where UE hops on different parts of the PRS BW on different repetitions within a PRS resource occasion. 
[bookmark: _GoBack]Proposal 5: RAN4 to define requirements for PRS measurement with FH for the case where UE hops between different repetitions of same resource within a single MG occasion.
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Figure 1: Illustration of Rx FH
As to the exact measurement period, the existing Rel-17 requirements can be used as baseline, e.g. multiple PFLs, number of sample, CSSF etc., but as RAN1 will discuss processing capability for FH, RAN4 may need to wait for RAN1 conclusion.
Proposal 6: RAN4 to wait for further RAN1 conclusion e.g. on details on RedCap UE processing capabilities, before defining the exact measurement period for PRS measurement with FH.
Conclusions
In this paper we provided our views on RedCap positioning.
Proposal 1: Requirements for PRS measurement without FH are defined for both CONNECTED and INACTIVE states.
Proposal 2: Rel-17 core requirements for INACTIVE state are re-used for RedCap with 2RX without FH in INACTIVE state.
Proposal 3: Requirements for PRS measurement with 1RX are defined for FR1 only.
Proposal 4: For PRS measurement without FH with 1RX, re-use the Rel-17 measurement period, and 
· For TDL-A channel, define new Es/Iot side condition for 1RX, higher than -13dB, exact value TBD
· For AWGN channel, re-use the Rel-17 side conditions, and relax accuracy requirements
Proposal 5: RAN4 to define requirements for PRS measurement with FH for the case where UE hops between different repetitions of same resource within a single MG occasion.
Proposal 6: RAN4 to wait for further RAN1 conclusion e.g. on details on RedCap UE processing capabilities, before defining the exact measurement period for PRS measurement with FH.
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