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Introduction
RRM requirements for RedCap positioning are discussed in RAN4#107, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed.
· PRS measurement without FH
· PRS measurement with FH
In addition, RAN4 received LS from RAN1 [2] which requires RAN4 confirmation.  
In this paper we will provide our views on RRM requirements for RedCap positioning.
Discussion
PRS measurement without FH
	Issue 2-2-1: Side conditions for 1Rx without FH:
Agreements:
· For AWGN channel
· Re-use the Rel-17 side conditions for both 1 and 4 measurement samples
· For fading channel use two side conditions for the neighbor cell to define requirements
· Condition #1: -3 dB (for Rx-Tx and RSRP only)
· Condition #2:
· Option 1: -10 dB
· Option 2: -6 dB
Note: Updated simulation assumptions in R4-2310075 to identify side conditions in fading.


Based on our simulation results in the companion paper, we find that the accuracy performance with -10dB is comparable to the existing requirements, and the gain from further improving the SINR to -6dB is not much. On the other hand, higher SINR means the applicability of the requirements is limited, so we prefer to adopt -10dB as the side condition #2 for neighbour cell measurement under fading channel.
Proposal 1: Adopt -10dB for Condition#2 for neighbour cell measurement under fading channel.
	Issue 2-2-3: PRS measurement requirements in RRC connected state without FH
Agreements:
· For positioning measurement core requirement for RedCap UEs without FH in RRC_CONNECTED state, CSSFPRS,i in Rel. 17 RRC_CONNECTED core requirement is updated to CSSFPRS,RedCap,i. The value of CSSFPRS,RedCap,i is the carrier-specific scaling factor for NR PRS-based positioning measurements in positioning frequency layer i as defined in clause 9.1A.5.2.
· Clause 9.1A.5.2 needs to be updated to include the impact of the positioning measurements. Details are FFS.


In Rel-16, impact of PRS measurement is included in the CSSF definition for non-RedCap UE:
· For RRM measurement, one additional PFL that leads to a largest CSSF is counted
· For PRS measurement, CSSF = 1 if it is with long periodicity, otherwise CSSF is the number of RRM layers plus 1 PFL, i.e. no other PFL is counted.
We understand the above principles can be re-used for RedCap UE.
Proposal 2: Re-use CSSF definition for non-RedCap UE in clause 9.1.5.2.2 to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.
PRS measurement with FH
	Agreement
From RAN1 perspective, for DL PRS Rx hopping, a single instance of a measurement gap is used for receiving all the hops for DL PRS with Rx frequency hopping.
· Note: this does not assume that the reported measurement has to be based on a single instance of a measurement gap
· Send an LS to RAN4 to confirm RAN1’s understanding, and if needed ensure that the measurement gap has the proper duration.
To RAN4
ACTION: 	
RAN1 respectfully asks RAN4 to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping, and if needed, ensure that the measurement gap has the proper duration. 


We suggest RAN4 to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping.
Based on 38.859, the time gap between different hops will impact the performance. 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. This does not preclude use of multiple MG occasions as mentioned in RAN1 LS, i.e. UE can still take 4-sample for one PRS resource in 4 MG occasions, and do FH in each MG occasion based on repetitions available in each occasion.
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Figure 1: Illustration of Rx FH in one MG occasion
Proposal 3: RAN4 to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping.
A draft reply LS is provided in the Annex.
	Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each a measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


RAN1 agrees to support two cases for PRS FH:
· Case 1: UE reports measurement based on multiple hops
· Case 2: UE reports measurement associated to a single hop
In our view, the main motivation of FH is to achieve larger BW than the UE RF BW thus improve the accuracy which corresponds to Case 1, so RAN4 should at least define requirements for this case. As to Case 2 or combined Case 1 and Case 2, the condition and UE behavior (e.g. whether UE still does FH) is FFS in RAN1, we suggest to further wait for RAN1 conclusions.
Proposal 4: RAN4 to define requirements at least for Case 1, FFS whether and how to define requirements for Case 2 or combined Case 1 and Case 2 depending on RAN1 conclusion on the condition and UE behaviour for Case 2.
· Case 1: UE reports measurement based on multiple hops
· Case 2: UE reports measurement associated to a single hop
As shown in Figure 1, UE can achieve large BW by combining received signals from multiple hops. One important requirement in our view is the overall BW that UE can access with FH, which is based on number of hops and the number of overlapping RBs. 
· The number of hops depends on the PRS configuration e.g. how many repetitions are available for measurement in an MG occasion, and the RF switching time. Number of repetitions depends on PRS configuration. RF switching time has been agreed in RF as a UE capability. 
· The overlapping RB is required by UE to compensate the phase offset, and we understand it is under discussion in RAN1. 
This overall BW will determine the achievable accuracy of PRS measurement with FH. Of course, other factors will also impact e.g. the timing error between hops, and this can be discussed in the Perf part.
Proposal 5: For Case 1, RAN4 to define the overall BW with FH in a single MG occasion based on
· Number of hops, which depends on PRS resource configuration and switching time
· Number of overlapping RBs between hops, which is up to RAN1
For measurement period of Case 1, existing requirements for MG-based measurement can be re-used as baseline, and some adaptation may be needed related to Lprs depending on how UE performs FH within an MG occasion. 
In Figure 2 we show two cases of PRS configuration. 
· In case (a) the PRS resource duration ends until the 11th symbol in a slot, and with 4-symbol switching time, the switching time is across two consecutive slots which makes it impossible to receive complete PRS resource duration in the second slot. 
· In case (b) the PRS resource duration ends until the 9th symbol in a slot, and with 4-symbol switching time, the switching time is limited in one slot and UE can receive complete PRS resource duration in the second slot.
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Figure 2: Two examples of UE performing FH in an MG occasion
In our view configuration in case (a) is not as efficient as in case (b) because the resources in the second slot is not utilized by the FH UE, and the number of hops UE can do with same number of repetitions or same gap length is smaller. Therefore, we suggest to define some applicability conditions for the FH requirements related to PRS configuration e.g. the resource duration needs to be in the first N symbols in a slot. 
Of course, the condition needs to account for all SCS and switching time. Table 1 lists the RF switching time in number of symbols for different SCS, and it can be seen that in some cases the switching time can occupy a large number of symbols in a slot leaving few symbols for PRS transmission or it can be larger than one slot in one case. In those cases, it may be better to include two or more slots in one hop. We are open to further discuss how to handle those cases. 
Table 1: RF switching time in number of symbols
	SCS (kHz)
Switching time (us)
	15
	30
	60 
(FR1)
	60 
(FR2)
	120

	35
	N/A
	N/A
	N/A
	2
	4

	70
	1
	2
	4
	4
	8

	140
	2
	4
	8
	8
	16

	210
	3
	6
	12
	N/A
	N/A


As to Lprs in the measurement period, it can be defined as Nhop * Lper_hop, where Nhop is the number of hops that UE can do in an MG occasion, e.g. in case (b) in Figure 2, Nhop is the number of slots with PRS; Lper_hop is the PRS duration per hop, and same as in current requirements it is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214.
Proposal 6: For Case 1, existing requirements for MG-based measurement are re-used as baseline, and the following adaptations are considered:
· Lprs = Nhop * Lper_hop, where Nhop is the number of hops that UE can do in an MG occasion, and Lper_hop is the PRS duration per hop;
· The requirements are applicable provided that PRS resource duration is in the first N symbols in one or more slots.
Another issue discussed in RAN4 is whether to define requirements for FH in RRC_Inactive/RRC_Idle, or in PPW. Considering the complexity of FH in both standardization and UE implementation, we prefer to deprioritize requirements for those cases and focus on the basic case i.e. measurement in MG. 
Proposal 7: RAN4 not to define PRS measurement requirements for FH combined with the following features: 
· PRS measurements in RRC_Inactive/RRC_Idle, 
· PRS measurements in PPW.
Conclusions
In this paper we provided our views on RRM requirements for RedCap positioning.
Proposal 1: Adopt -10dB for Condition#2 for neighbour cell measurement under fading channel.
Proposal 2: Re-use CSSF definition for non-RedCap UE in clause 9.1.5.2.2 to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.
Proposal 3: RAN4 to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping.
Proposal 4: RAN4 to define requirements at least for Case 1, FFS whether and how to define requirements for Case 2 or combined Case 1 and Case 2 depending on RAN1 conclusion on the condition and UE behaviour for Case 2.
· Case 1: UE reports measurement based on multiple hops
· Case 2: UE reports measurement associated to a single hop
Proposal 5: For Case 1, RAN4 to define the overall BW with FH in a single MG occasion based on
· Number of hops, which depends on PRS resource configuration and switching time
· Number of overlapping RBs between hops, which is up to RAN1
Proposal 6: For Case 1, existing requirements for MG-based measurement are re-used as baseline, and the following adaptations are considered:
· Lprs = Nhop * Lper_hop, where Nhop is the number of hops that UE can do in an MG occasion, and Lper_hop is the PRS duration per hop;
· The requirements are applicable provided that PRS resource duration is in the first N symbols in one or more slots.
Proposal 7: RAN4 not to define PRS measurement requirements for FH combined with the following features: 
· PRS measurements in RRC_Inactive/RRC_Idle, 
· PRS measurements in PPW.
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1. Overall Description:
RAN4 thanks RAN1 for the LS R1-2306227. 

RAN4 would like to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping, and will define requirements for this case.

RAN4 respectfully asks RAN1 to take the above information into account. 

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account. 

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #108-bis			Oct 09 – Oct 13, 2023	         Xiamen, China
RAN WG4 Meeting #109				Nov 13 – Nov 17, 2023	         Chicago, US
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Case b: RF switching time limited in one slot

Case a: RF switching time across two slots


