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Introduction
RAN4 discussed RRM core maintenance for Rel-18 RedCap positioning and PRS/SRS bandwidth aggregation in RAN4#110. New agreements and open issues were captured in a WF [1].
In this paper we address remaining maintenance issues.
Discussion
 RedCap positioning
Requirements with frequency hopping
RAN4 made good progress in RAN4#110 on PRS measurement requirements with Rx frequency hopping in connected state. The latest agreements were captured in [1].
Issue 2-1-1: Number of hops within a single MG occasion 
Agreements
· The requirements shall support the following Rx frequency hopping cases:
· 1 hop per slot
· 2 hops per slot
· 1 hop every 2 slots
· The number of Rx hops measured by the UE in a MG instance is given by
· 
where
·  is the maximum number of Rx hops signaled in the UE capability (FG 41-5-1).
·  is the effective number of Rx hops within a MG instance.

Issue 2-1-3: How to use Rel. 17 core requirement as baseline
Agreements
· The time duration of available PRS is derived by: 
·  
where,
·  is the number of hops in a single MG occasion. 
·  is the time duration of available PRS per hop (i.e., excluding RF retuning time).
Issue 2-1-4: Minimum PRS bandwidth for Rx FH
Agreement
· The minimum PRS BW expected to be measured with Rx hopping is given by

where
·  is determined by the min. among 1) the configured PRS BW, 2) UE capability (Component 1 of FG 41-5-1), and 3) total BW of all hops requested by LMF.
·  is the BW per hop signaled in the UE capability.
·  is the minimum hop overlap signaled in the UE capability.
·  is the number of Rx hops measured by the UE within a MG instance.


RAN4 should leverage the already agreed requirements for RRC_CONNECTED to define corresponding requirements with Rx frequency hopping in RRC_INACTIVE and RRC_IDLE.
The first issue that needs to be addressed is how to define a measurement sample in idle/inactive states. For connected state, RAN4 agreed that a measurement with FH is performed within a single measurement gap, consistent with RAN1’s understanding [2].
Issue 2-3-4: Measurement sample definition under FH
Agreements:
· Measurement sample under FH is defined as a PRS measurement over multiple hops within a single measurement gap.


For PRS measurements in RRC_IDLE and RRC_INACTIVE, requirements with and without FH apply “provided that all PRS resources within a PFL are within up to 2 separate windows within TPRS,i for each positioning frequency layer i, where each window is up to 10ms” [3]. In this applicability condition there is no restriction on the relative location of the two windows. Our understanding is that the two windows could be placed back-to-back, forming a longer window up to 20 ms long. Note that 20 ms is also the length of the longest measurement gap applicable for positioning measurements in connected state. Then for inactive and idle states, is should be feasible to define PRS measurements with FH over multiple hops contained within a single time window of up to 20 ms.
Proposal 1: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, a measurement sample is defined as a PRS measurement over multiple hops within a single time window of length up to 20 ms.
To complete the requirements for measurements with FH in RRC_IDLE and RRC_INACTIVE, RAN4 can leverage the corresponding requirements for RRC_CONNECTED with minor changes.  
Proposal 2: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, reuse the definition of applicable number of hops per slot in RRC_CONNECTED.
Proposal 3: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, define the number of hops within a single time window leveraging the definition for number of hops within a single MG occasion in RRC_CONNECTED.
Proposal 4: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, leverage the definition of the minimum PRS BW expected to be measured with Rx hopping in RRC_CONNECTED with the following change:   is the number of Rx hops measured by the UE within a single time window occasion.
RAN4 needs to discuss applicability conditions for measurements with FH in all applicable RRC states. As baseline, applicability conditions for measurements without FH should be extended also to measurements with FH. We have the following proposals for additional applicability conditions.
Proposal 5a: For PRS measurements with FH in RRC_CONNECTED, the measurement period requirement applies provided all PRS resources in a PFL have the same number of inter-slot repetitions within an MG instance and the same spacing between inter-slot repetitions. If these conditions do not apply the measurement period can be longer.
Proposal 5b: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, the measurement period requirement with FH (multiple hops) applies provided all PRS resources in a PFL have the same number of inter-slot repetitions within a time window instance and the same spacing between inter-slot repetitions. If these conditions do not apply the measurement period can be longer.
Finally, if the UE reports measurements with single Rx hop, the requirements for measurements without hopping would apply.
Proposal 6: If a RedCap UE reports PRS measurements with single Rx hop when Rx hopping is requested, the requirements for measurements without Rx hopping apply.


 PRS/SRS BW aggregation
PRS BW aggregation
RAN4 reached two new agreements in RAN4#110 for PRS measurements with BW aggregation [1].
Issue 3-1-3: Nominal channel spacing for PRS aggregation
Agreements
· A note on nominal channel spacing can be added in the accuracy requirements to clarify the applicability of the requirements.
· Simulations assumptions in R4-2321461 are already covering the nominal channel spacing.
· FFS: whether any further clarification is needed in the core requirements.
Issue 3-1-4: Impact of PRS collision with other signals on PRS bandwidth aggregation requirement
Agreement
· Do not define UE behavior for the case of PRS collision with other signals on PRS bandwidth aggregation. For the case of PRS collision with other signals a longer measurement period can be expected.

RAN4 requirements for PRS BW aggregation apply only for intra-band contiguous PFLs. However, this important applicability condition has not been captured in the specifications. To define the conditions intra-band contiguous PFLs, RAN4 can refer to the definition of intra-band contiguous CA in 38.101-1 and 38.101-2.
The current simulation assumptions for PRS BW aggregation [4] mention that carrier spacing should follow “nominal carrier spacing for intra-band contiguous CA as defined in 38.101.” In our view, that statement is not sufficient since it does not require the PFLs themselves to be intra-band contiguous. Note that in the PRS configuration requested by the LMF to a gNB/TP (TS 38.455) there is no explicit association of PFLs to NR carriers.
We also note that the issue of maximum separation between PFLs linked for PRS BW aggregation was discussed in RAN1 and a majority of companies expressed that the issue should be treated in RAN4 [5].
Proposal 7: RAN4 to clarify in the specifications that requirements for PRS BW aggregation apply when the spacing between adjacent PFLs in frequency does not exceed the nominal channel spacing for intra-band contiguous CA defined in 38.101-1, clause 5.4A.1 for FR1 and in 38.101-2, clause 5.4A.1 for FR2-1.
SRS BW aggregation
Issue 3-3-2: Interruption due to guard period for SRS aggregation
Agreements
· If no RAN1 solution is defined to handle the impact of SRS transmission for BW aggregation on other channels/signals the RAN4 will define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH
· Send LS to RAN1 to explain the technical issue and check if there will be a RAN1 solution to handle it.
· LS to RAN1 in R4-2403489 is agreed.

RAN4 should wait for a response from RAN1 before discussing this issue any further.

Simulation assumptions
To define measurement accuracy requirements for PRS BW aggregation, RAN4 should consider in the simulation assumptions the maximum separation (gap) between adjacent PFLs. For a fixed aggregated BW (e.g. 200 MHz), a larger gap between adjacent PFLs should correspond to the worse performance. Positioning performance degradation for increasingly larger gap has been observed in simulations shared by other companies [6].
For the PRS configurations in the agreed simulation assumptions [4], we have calculated the gap between adjacent PFLs based on the nominal channel spacing for intra-band contiguous CA defined in 38.101-1 and 38.101-2, taking into account the restriction on number of PRBs for PRS (24 + 4*n). We propose to update the simulation assumptions as shown in the table below. An accompanying Tdoc with updated simulation assumptions has been provided.
Proposal 8: Update the simulation assumptions for PRS BW aggregation to include the gap between adjacent intra-band contiguous PFLs.
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Gap between PFLs (num subcarriers)
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	84
	1
	64

	
	30
	132
	82
	1
	32

	
	
	272
	68
	1
	16

	
	60, FR1
	64
	65
	1
	32

	
	
	132
	82
	1
	16

	
	60, FR2
	64
	64
	1
	32

	
	
	132
	82
	1
	16

	
	120
	64
	65
	1
	16

	
	
	128
	82
	1
	8

	PRS comb size
	4

	PRS symbol size
	4

	Number of samples
	2, 4

	PRS periodicity
	40ms, 200ms

	TOA estimation 
	Realistic

	Path #
	First path





Conclusions
Proposals for RedCap positioning
Proposal 1: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, a measurement sample is defined as a PRS measurement over multiple hops within a single time window of length up to 20 ms.
Proposal 2: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, reuse the definition of applicable number of hops per slot in RRC_CONNECTED.
Proposal 3: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, define the number of hops within a single time window leveraging the definition for number of hops within a single MG occasion in RRC_CONNECTED.
Proposal 4: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, leverage the definition of the minimum PRS BW expected to be measured with Rx hopping in RRC_CONNECTED with the following change:   is the number of Rx hops measured by the UE within a single time window occasion.
Proposal 5a: For PRS measurements with FH in RRC_CONNECTED, the measurement period requirement applies provided all PRS resources in a PFL have the same number of inter-slot repetitions within an MG instance and the same spacing between inter-slot repetitions. If these conditions do not apply the measurement period can be longer.
Proposal 5b: For PRS measurements with FH in RRC_IDLE and RRC_INACTIVE, the measurement period requirement with FH (multiple hops) applies provided all PRS resources in a PFL have the same number of inter-slot repetitions within a time window instance and the same spacing between inter-slot repetitions. If these conditions do not apply the measurement period can be longer.
Proposal 6: If a RedCap UE reports PRS measurements with single Rx hop when Rx hopping is requested, the requirements for measurements without Rx hopping apply.
Proposals for PRS/SRS BW aggregation
Proposal 7: RAN4 to clarify in the specifications that requirements for PRS BW aggregation apply when the spacing between adjacent PFLs in frequency does not exceed the nominal channel spacing for intra-band contiguous CA defined in 38.101-1, clause 5.4A.1 for FR1 and in 38.101-2, clause 5.4A.1 for FR2-1.
Proposal 8: Update the simulation assumptions for PRS BW aggregation to include the gap between adjacent intra-band contiguous PFLs.
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Gap between PFLs (num subcarriers)
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	84
	1
	64

	
	30
	132
	82
	1
	32

	
	
	272
	68
	1
	16

	
	60, FR1
	64
	65
	1
	32

	
	
	132
	82
	1
	16

	
	60, FR2
	64
	64
	1
	32

	
	
	132
	82
	1
	16

	
	120
	64
	65
	1
	16

	
	
	128
	82
	1
	8

	PRS comb size
	4

	PRS symbol size
	4

	Number of samples
	2, 4

	PRS periodicity
	40ms, 200ms

	TOA estimation 
	Realistic

	Path #
	First path
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