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Introduction
RRM requirements for RedCap positioning are discussed in RAN4#106-bis-e, and outcomes are captured in WF [1]. Based on [1] the following issues are to be further discussed.
· General aspects/scenarios
· PRS measurement without FH
· PRS measurement with FH
In this paper we will provide our views on RRM requirements for RedCap positioning.
Discussion
General aspects/scenarios
	Issue 2-1-2: Applicable RRC states:
Agreements:
· RedCap UE positioning without frequency hopping
· Define the requirements in RRC_CONNECTED and RRC_INACTIVE states.
· RedCap UE positioning with frequency hopping
· Define the requirements in RRC_CONNECTED state
· FFS for requirements in RRC_INACTIVE state.
· FFS whether to define requirements in RRC_IDLE state


RAN4 has agreed last meeting in LPHAP discussion that PRS measurement requirements defined for both normal (non-RedCap) and RedCap type of devices in IDLE, so there is no need to further discuss the case without FH. The remaining issue is whether to define requirements for FH in INACTIVE or IDLE.
For the case with FH, we suggest RAN4 to first focus on the requirements for CONNECTED. When we have stable requirements, RAN4 can further check how much additional efforts are required to define requirements for INACTIVE/IDLE. RAN1 may also have further inputs in the due course.
Proposal 1: For RedCap UE positioning with FH, RAN4 to decide whether to define requirements for INACTIVE/IDLE after requirements for CONNECTED are stable.
	Issue 2-1-3: Relation with Rel-16/Rel-17 positioning:
Agreements:
· PRS requirements without frequency hopping (FH):
· Option 1: HW, E///, QC, CATT, OPPO, Nokia
· PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
· Option 2: MTK
· PRS requirements for 1Rx RedCap UE without FH shall be defined for all the Rel-16 positioning features/techniques.
· PRS requirements for 2 Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
· PRS requirements with FH:
· The Rel-16/Rel-17 positioning features/techniques for which the PRS requirements for RedCap UE with FH will be defined can be decided on case-by-case basis and based on RAN1 agreements on the FH. Details are FFS.
· NOTE: 
· Rel-16 features/techniques refer to: measurement with gaps in RRC connected, 4-samples measurement in RRC connected.
· Rel-17 features/techniques refer to: measurement without gaps in RRC connected, measurement in RRC inactive, reduced-sample measurement in RRC connected/inactive, Tx/Rx timing mitigation with TEG in RRC connected/inactive, FR2 with reduced Rx beam sweeping factor in RRC connected/inactive.


For PRS measurement without FH, we support option 1. All the Rel-17 features/techniques are optional features with UE capability, and UE is free to choose which ones are supported. There is no need to preclude these features/techniques for 1Rx UE from spec point of view.
Proposal 2: PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
PRS measurement without FH
	Issue 2-2-2: Side conditions for 1Rx without FH:
Agreements:
· Side conditions for 1Rx without FH
· For AWGN channel, re-use the Rel-17 side conditions, and relax accuracy requirements
· The agreement applies for 4 measurement samples case. FFS if it applies for lower number of samples.
· FFS for fading channel
· Option 1: Reuse Rel-17 side conditions and relax accuracy requirements
· Option 2: Reuse approximately Rel-17 accuracy requirements and relax the side condition
Note: Updated simulation assumptions to address open issues are discussed under issue 2-2-8


Based on our simulation results in the companion paper, we do not see big issue in re-using the Rel-17 side conditions for reduced sample number in AWGN. It is noted that for reduced sample number, the side condition is down to -6dB (for 4-sample the side condition is down to -13dB). 
For fading channel, we simulated -10dB and -8dB side condition, we our results show that Rel-17 accuracy requirements can be approximately met at -10dB.
Proposal 3: For 1Rx RedCap UE without FH 
· For AWGN, re-use the Rel-17 side conditions also for reduced sample number
· For fading channel, the lower Es/Iot side condition is defined as [-10]dB
PRS measurement with FH
	Issue 2-3-5: Relation between FH and measurement gaps for PRS measurements for RedCap with FH:
Agreements:
· RAN4 to investigate suitable MG patterns and conditions related to frequency hopping (FH) for PRS measurements with gaps for RedCap with FH after the RAN1 agreements on FH.


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. 
[image: ]
Figure 1: Illustration of Rx FH
Proposal 4: 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.
	Issue 2-3-3: Impact of timing error on PRS measurements for RedCap with FH:
Agreements:
· The impact (if any) of timing error between the hops on PRS requirements is discussed after the RAN1 agreements on FH and RF session agreements on the RF switching time for FH.
Issue 2-3-4: Impact of switching time between hops on PRS measurements for RedCap with FH:
Agreements:
· Impact (if any) of switching time between hops on PRS measurements for RedCap requirements is discussed after the RAN1 agreements on FH and RF session agreements on the RF switching time for FH.


The number of hops depends on the PRS configuration e.g. how many repetitions are available for measurement in an MG occasion, the RF switching time and the number of overlapping RBs between hops. Number of repetitions depends on PRS configuration. RF switching time has been agreed in RF last meeting which is a UE capability. 
The overall BW that UE can access with FH can be derived based on number of hops and the number of overlapping RB. The overlapping RB is required by UE to compensate the phase offset, and we are open to discuss on number of overlapping RBs. This overall BW will determine the achievable accuracy of PRS measurement with FH together with the timing error between hops.
Proposal 5: RAN4 to discuss how to determine the effective BW with FH in a single MG occasion and the applicable accuracy requirements based on following parameters
· Number of repetitions, which depends on PRS resource configuration
· Switching time, which depends on UE capability
· Number of overlapping RBs between hops, which is FFS
As to the exact measurement period, the existing Rel-17 requirements can be used as baseline, e.g. multiple PFLs, number of samples, 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 RRM requirements for RedCap positioning.
Proposal 1: For RedCap UE positioning with FH, RAN4 to decide whether to define requirements for INACTIVE/IDLE after requirements for CONNECTED are stable.
Proposal 2: PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
Proposal 3: For 1Rx RedCap UE without FH 
· For AWGN, re-use the Rel-17 side conditions also for reduced sample number
· For fading channel, the lower Es/Iot side condition is defined as [-10]dB
Proposal 4: 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 5: RAN4 to discuss how to determine the effective BW with FH in a single MG occasion and the applicable accuracy requirements based on following parameters
· Number of repetitions, which depends on PRS resource configuration
· Switching time, which depends on UE capability
· Number of overlapping RBs between hops, which is FFS
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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