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Introduction
The document contains discussion related to the positioning core requirements for the following 4 main topics:
· Topic # 1: General (AI 8.22.2.1)
· Topic # 2: RedCap positioning (AI 8.22.2.4)
· Topic # 3: PRS/SRS bandwidth aggregation (AI 8.22.2.5)
· Topic # 4: RRM performance requirements (AI 8.22.3)
NOTE: Draft CRs are not included as they will be discussed during AH and online sessions after resolving open issues.
Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2319942
	Intel Corporation
	· 37. NR_pos_enh2 (FG 37-1) Support of reduced number of samples for PRS based positioning measurements with frequency hopping
· 37. NR_pos_enh2 (FG 37-2) Support of reduced number of samples in positioning measurements with PRS/SRS bandwidth aggregation

	R4-2320366
	Ericsson
	Observation 1: Agreement from the last meeting already considers the scenario highlighted by RAN1 in the LS.
Proposal 1: No further RAN4 action needed to address the issue highlighted in R1-2310478.
Proposal 2: Reply LS to R1-2310478 is not needed.

	R4-2320700
	Ericsson
	Updated work Split on RRM Core Requirements for Positioning

	R4-2320701
	Ericsson
	Updated Big Draft CR on Skeleton for RRM Core Requirements for Positioning

	R4-2318278
	CATT
	Proposal 8: The following UE feature-related signalling should be defined to indicate UE to perform the corresponding measurements:
· Support of reduced sample positioning measurement for RedCap UE in RRC_IDLE state.

	R4-2318279
	CATT
	Proposal 9: All UE features are discussed in RAN1. RAN4 does not need to discuss it parallel. 

	R4-2320808
	Nokia, Nokia Shanghai Bell
	Proposal 4: RAN4 to send Reply LS to RAN1 asking clarification, if the number of measurement samples can be independent of the two PFL groups.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: RAN1 LS on measurement definitions for positioning with bandwidth aggregation
RAN4 has received RAN1 LS in R1-2310478/R4-2318003 containing the following agreements:
	Agreement
Configuring up to two PFL combinations is supported (e.g. PFL1 aggregated with PFL2 and PFL3 aggregated with PFL4). 
· Send an LS to RAN4 (CC to RAN2 and RAN3) to inform them with the above agreement and specify corre-sponding requirements.
· Note: more than one combinations are measured in TDMed manner



Issue 1-1-1: LS on PRS bandwidth aggregation
· Proposals:
· Option 1: Ericsson
· No further RAN4 action needed to address the issue highlighted in R1-2310478.
· Reply LS to R1-2310478 is not needed.
· Option 2: Nokia
· RAN4 to send Reply LS to RAN1 asking clarification, if the number of measurement samples can be independent of the two PFL groups.
· Option 3: CATT
· Measurement requirements for one PFL combination also apply to the cases when two PFL combinations are configured. No extra RAN4 work is required.
· Recommended WF
· Discuss the options and prepare a draft LS response if there is consensus to ask RAN1 for further clarification.
Sub-topic 1-2: Work split and timeline for RRM core requirements
The RRM core requirements for Rel-18 WI on Expanded and improved NR positioning are supposed to be completed in RAN4#109 (November 2023) in accordance with the timeline in the latest approved WID,
Issue 1-2-1: Rapporteur input on updated work split between companies
· Proposals:
· Option 1: Ericsson (rapporteur)
· Following new draft CRs are included in the updated work split:
· Draft CRs # 2A, # 4A, # 7A and # 14A.
Table 1: Updated work split on major topics and corresponding RRM core requirements for positioning measurements.
	DraftCR No.
	Requirements for feature
	Detail of requirements
	New or impacted section in TS 38.133
	Volunteer Company

	1
	All
	Draft Big CR for RRM Core Requirements for Positioning Enhancement
	All relevant sections in TS 38.133
	Ericsson (Rapporteur)

	2
	PRS measurement requirements in RRC idle state
	General aspects: introduction
	4.x1.1
	Qualcomm

	
	
	RSTD measurement requirements
	4.x1.3
	

	2A
	
	Cell re-selection for positioning
	4.x1.2
	Huawei

	3
	
	PRS-RSRP measurement requirements
	4.x1.4
	OPPO

	
	
	PRS-RSRPP measurement requirements
	4.x1.5
	

	4
	PRS measurement requirements for RedCap in RRC idle state
	General aspects: introduction
	4.x1A.1
	Xiaomi

	
	
	RSTD measurement requirements
	4.x1A.3
	

	4A
	
	Cell re-selection for positioning
	4.x1A.2
	Huawei

	5
	
	PRS-RSRP measurement requirements
	4.x1A.4
	CATT

	
	
	PRS-RSRPP measurement requirements
	4.x1A.5
	

	6
	PRS measurement requirements in RRC inactive state (LPHAP related updates)
	General aspects: introduction (including general aspects of PRS measurements with bandwidth aggregation and CPP)
	5.6.1 (existing section)
	Ericsson

	7
	
	Cell re-selection for positioning
	5.6.1A
	Huawei

	7A
	
	TA validation requirements for positioning measurements
	5.6.1B
	Ericsson

	8
	
	RSTD measurement requirements
	5.6.2 (existing section)
	CMCC

	
	
	PRS-RSRP measurement requirements
	5.6.3 (existing section)
	

	9
	
	UE Rx-Tx time difference measurement requirements
	5.6.4 (existing section)
	CATT

	
	
	PRS-RSRPP measurement requirements
	5.6.5 (existing section)
	

	[bookmark: _Hlk146698300]10
	PRS measurement requirements with bandwidth aggregation in RRC inactive state
	RSTD measurement requirements
	5.6.2.x1
	Huawei

	
	
	UE Rx-Tx time difference measurement requirements
	5.6.4.x1
	

	11
	CPP: DL RSCP and DL RSCPD in RRC inactive state
	Measurement requirements for DL RSCPD reported with RSTD
	5.6.x1
	Nokia

	12
	
	Measurement requirements for DL RSCP reported with UE Rx-Tx time difference
	5.6.x2
	Nokia

	13
	PRS measurement requirements for RedCap in RRC inactive state
	General aspects: introduction
	5.6A.1
	Xiaomi

	14
	
	Cell re-selection for positioning
	5.6A.2
	Huawei

	14A
	
	TA validation requirements for positioning measurements
	5.6A.3
	Ericsson

	15
	
	RSTD measurement requirements
	5.6A.4
	Ericsson

	
	
	PRS-RSRP measurement requirements
	5.6A.5
	

	16
	
	UE Rx-Tx time difference measurement requirements
	5.6A.6
	Xiaomi

	
	
	PRS-RSRPP measurement requirements
	5.6A.7
	

	17
	UE autonomous timing adjustment at cell reselection in RRC inactive
	UE transmit timing for positioning measurements 
	7.1E
	LG

	[bookmark: _Hlk146709991]18
	PRS measurement requirements with bandwidth aggregation in RRC connected state
	General aspects: introduction (include also general aspects of CPP)
	9.9.1 (existing section)
	ZTE

	19
	
	RSTD measurement requirements
	9.9.2.x1
	Ericsson

	
	
	UE Rx-Tx time difference measurement requirements
	9.9.4.x1
	

	20
	PRS measurement requirements for RedCap in RRC connected state
	General aspects: introduction 
	9.9A.1
	ZTE

	21
	
	RSTD measurement requirements
	9.9A.2
	Mediatek

	
	
	PRS-RSRP measurement requirements
	9.9A.3
	

	22
	
	UE Rx-Tx time difference measurement requirements
	9.9A.4
	Huawei

	
	
	PRS-RSRPP measurement requirements
	9.9A.5
	

	23
	CPP: DL RSCP and DL RSCPD in RRC connected state
	Measurement requirements for DL RSCPD reported with RSTD
	9.9.x1
	Ericsson

	24
	
	Measurement requirements for DL RSCP reported with UE Rx-Tx time difference
	9.9.x2
	Nokia

	25
	NR sidelink positioning measurements
	General aspects: introduction
	12A.1
	Ericsson

	26
	
	SL-RSTD measurement requirements
	12A.2
	Ericsson

	
	
	SL-RSRP measurement requirements
	12A.3
	

	27
	
	SL-Rx-Tx time difference measurement requirements
	12A.4
	CATT

	
	
	SL-RSRPP measurement requirements
	12A.5
	

	28
	
	SL-AoA measurement requirements
	12A.6
	Vivo

	
	
	SL-RTOA measurement requirements
	12A.7
	

	NOTE: Company providing draft CR to include the draftCR No. in the draft CR title e.g. Draft CR # X: Title



· Recommended WF
· Discuss the updated work split.
Sub-topic 1-3: Big Draft CR template and structure for RRM core part
The big draft CR template was endorsed in R4-2317387 at RAN4#108bis to include new clauses for defining RRM core requirements for positioning in Rel-18.
Issue 1-3-1: Rapporteur input on updated Big Draft CR structure for RRM core requirements
· Proposals:
· Option 1: Ericsson (rapporteur)
· Recommended WF
· Discuss the proposed updated Big Draft CR structure in R4-2320701 to account for new draft CRs (# 2A, # 4A, # 7A and # 14A) in R4-2320700 (updated work split).

Sub-topic 1-4: UE feature list
Issue 1-4-1: General discussion on UE feature
· Proposal:
· Option 1: CATT
· All UE features are discussed in RAN1. RAN4 does not need to discuss it parallel.
· Recommended WF
· Discuss the option.
Issue 1-4-2: Feature on reduced number of samples for PRS measurement in RRC_IDLE for RedCap
· Proposal:
· Option 1: CATT
· The following UE feature-related signalling should be defined to indicate UE to perform the corresponding measurements:
· Support of reduced sample positioning measurement for RedCap UE in RRC_IDLE state.
· Recommended WF
· Discuss the option.
Issue 1-4-3: Features on PRS measurements with FH for RedCap (FG 37-1)
· Proposal:
· Option 1: Intel

	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	37.
NR_pos_enh2
	37-1
	Support of reduced number of samples for PRS based positioning measurements with frequency hopping
	1. Support of reduced number of samples in PRS based positioning measurements with frequency hopping
	RAN1 feature 28-1, 27-3-1, 45-5-1
	Yes
	NA
	RedCap UE does not support reduced number of samples for PRS based positioning measurements with frequency hopping
	Per Band
	No
	No
	NA
	Component 1 candidate value: true/false

	Optional with capability signalling



· Recommended WF
· Discuss any RAN4 impact on feature 37-1 in R4-2319942.
Issue 1-4-4: Features on PRS measurements with PRS/SRS BW aggregation (FG 37-2)
· Proposal:
· Option 1: Intel

	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	37.
NR_pos_enh2
	37-2
	Support of reduced number of samples in positioning measurements with PRS/SRS bandwidth aggregation
	1. Support of reduced number of samples in positioning measurements with PRS bandwidth aggregation
2. Support of reduced number of samples in positioning measurements with SRS bandwidth aggregation
	Component 1 RAN1 feature 41-4-1

Component 2 RAN1 feature 41-4-6
	Yes
	NA
	UE does not support reduced number of samples in positioning measurements with PRS and/or SRS bandwidth aggregation
	Per Band
	No
	No
	NA
	Component 1 candidate value: true/false

Component 2 candidate value: true/false

	Optional with capability signalling



· Recommended WF
· Discuss any RAN4 impact on feature 37-2 in R4-2319942.
Topic #2: RedCap positioning
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2318278
	CATT
	Proposal 1: Whether to support gapless based PRS measurements with FH is up to RAN1 and no RAN4 work until RAN1 decides to support such case.
Proposal 3: The side conditions for measurements without FH can be reused for measurements with FH. 
Proposal 4: Measurement sample under FH can be defined as a PRS measurement over multiple hops within a single measurement gap.
Proposal 5: The Rx beam sweeping factor definition in Rel-17 is reused for PRS measurements with FH.
Proposal 6: Explicit request by LMF for measurements with FH should be one of the applicability conditions for measurement requirements.
Proposal 8: The following UE feature-related signalling should be defined to indicate UE to perform the corresponding measurements:
· Support of reduced sample positioning measurement for RedCap UE in RRC_IDLE state.

	R4-2318857
	Xiaomi
	Requirements in RRC_IDLE
Proposal 1:  The requirements of RedCap positioning without FH in RRC_IDLE/RRC_INACTIVE can be firstly implemented in draftCR.
Proposal 2:  The following requirements of RedCap Pos in RRC_IDLE can be specified:
· RSTD
· PRS-RSRP and PRS-RSRPP 
Measurement reporting period requirements
Observation 1:  The different accuracy measurement requirements will be expected when UE reporting the single measurement result based on the multiple hops or single hop.
Observation 2: The requirement for measurements based on both the multiple hopes and single hop within a gap are expected to be defined in RAN4. These two different types of requirements will be applied for UE upon the indication on the number of hops associated with the measurement reporting.
Observation 3: There is some ambiguity on the “measurement samples” used to define the measurement requirements in current spec [4] when UE reporting measurements over the hops within a gap.
Proposal 3: The “measurement samples” used to define the measurement requirements in current spec [4] shall be revisited in case of UE reporting measurements over the hops within a gap.
UE complexity impacts
Observation 4: UE soft buffer potentially needs to be enlarged to support PRS RX hopping. 
Proposal 4: In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered. 
PRS measurement requirements without gap
Proposal 5: RAN4 can FFS measurement without gap for RedCap UE’s positioning after RAN1’s design stable.
Frequency hopping in UL
Observation 5: The hopping configuration for SRS will impact on how to define UE Rx-Tx time difference requirements
Observation 6: The uncertainty of UL SRS transmission time will be larger than that of without FH. The total requirements for UE Rx-Tx time difference will be impacted.
Proposal 6: RAN4 can discuss UE Rx-Tx time difference requirements for Redcap UE with frequency hoping SRS upon RAN1’s conclusion, e.g.
· The legacy requirements on UE Rx-Tx time deference needs to be relaxed due to the additional switching time.
· Scheduling restriction because of the collision due to SRS TX hopped
Observation 7: From UE behavior and RRM requirements itself, the measurement on the outside of UL active BWP with the different numerology as UL active BWP needs additional UE capability supported. 

	R4-2319483
	OPPO
	Proposal 1: For RedCap UE with FH, gapless based PRS measurement is not supported.  
Proposal 2: PRS measurement with FH in RRC_INACTIVE and RRC_IDLE states can be supported subject to UE capability, and the related requirements should be defined in RAN4 if time allows.
Proposal 3: As baseline, 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 4: The Rx beam sweeping factor  definition in Rel-17 can be reused for RedCap UE with FH.

	R4-2319996
	Huawei, HiSilicon
	Proposal 1: RAN4 not to define requirements for PRS measurements with FH without gaps.
Proposal 2: RAN4 stick to the existing agreements for requirements for PRS measurements with FH in INACTIVE and IDLE. No further discussion is needed.
Proposal 3: 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 4: The Rx beam sweeping factor (NRxBeam) definition in Rel-17 is reused for PRS measurements with FH.
Proposal 5: 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 7: The number of hops within a single MG occasion  is defined as

where 
·  is the number of PRS repetitions within the MG occasion
·  is the PRS repetition interval (given by dl-PRS-ResourceTimeGap)
·  is the number of slots per hop and  
·  if the RF switching time is ≤ 7 symbols and  otherwise
·  is the maximum number of hops derived from the configured PRS BW 
Proposal 8: 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 only to PRS resource in the sampling duration in each hop.
Proposal 9: RAN4 not to further discuss enlarged soft buffer for FH given the RAN1 feature list.
Proposal 10: Requirements for PRS measurements with FH are applicable subject to explicit request by the LMF to perform measurements with FH.

	R4-2319997
	Huawei, HiSilicon
	Simulation results for PRS measurement with FH

	R4-2320370
	Ericsson
	# Number of samples in measurement period requirement for latency reduced positioning
Proposal 1: When UE is configured to perform positioning measurements with FH then Nsample = 2 is considered in measurement period requirement for reduced number of sample case.
# Measurement period requirement with FH
Proposal 2: Lavailable for PRS measurement period requirement with FH is calculated as:
Lavailable= Lavailable per hop × Nhops + RFretuning time × (Nhops -1),
where
· Lavailable per hop is the time duration of PRS resource UE can measure in each hop and depends on the UE capability,
· RFretuning time is the RF retuning time based on UE reported capability,
· Nhops is calculated based on the DL PRS bandwidth UE can measure across all hops, PRS bandwidth UE can measure per hop and overlapping between hops supported by the UE.  Nhops = . BWTotal is the DL PRS bandwidth across all hops. BWper hop is the DL PRS BW UE can measurement in each hop. And PRBoverlapping is the number of overlapping PRBs between hops.
Proposal 3: Do not define requirements for the case when overlapping between adjacent hops is not considered for PRS measurements.
Proposal 4: CSSF as defined in clause 9.1A.5.2 shall apply for PRS measurement period requirements for RedCap UEs in RRC_CONNECTED state.
Proposal 5: Update clause 9.1A.5.2 to be valid also for RedCap positioning.

	R4-2320371
	Ericsson
	Additional simulation results for RedCap positioning with FH

	R4-2320372
	Ericsson
	Summary of simulation results for RedCap positioning with FH

	R4-2320855
	Nokia, Nokia Shanghai Bell
	Proposal 1: For RedCap UE with FH, whether to support gapless based PRS measurement is up to RAN1.  

Proposal 2: RAN4 to reuse 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 4: RAN4 to reuse the existing definition of measurement samples for reporting measurements over the hops.

Proposal 5: Rx beam sweeping factor definition in Rel-17 is reused for PRS measurements with FH.

Proposal 6: RAN4 to define PRS measurement period requirements for single and multiple hop measurements, respectively. 

Proposal 8: The issues on soft buffer size for combining multiple hops of RedCap UE is not within the scope of RAN4 discussion. 

Proposal 9: RAN4 should not define any requirement for an explicit request by LMF to perform measurements with FH.

	R4-2320856
	Nokia, Nokia Shanghai Bell
	Simulation Results for RedCap Positioning with Frequency Hopping

	R4-2320857
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to define the different PRS measurement period requirements for single and multiple hop measurements, respectively.  

	R4-2320913
	Qualcomm Incorporated
	Proposal 1: The minimum PRS BW expected to be measured is given by

where
·  is the configured PRS BW
·  is the BW per hop signaled in the UE capability
·  is the minimum hop overlap signaled in the UE capability
·  if  or , otherwise 
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times
·  is the stride of PRS inter-slot repetitions
·  is the number of frequency hops per slot as a function of number of PRS symbols, PRS comb size, and retuning time between hops. FFS how to determine  from these parameters and whether to limit its maximum value.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: General aspects/scenarios for RedCap positioning 
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-1-1: PRS measurements with FH without gaps
· Proposals
· Option 1: CATT, Xiaomi, Nokia
· Whether to support gapless based PRS measurements with FH is up to RAN1 and no RAN4 work until RAN1 decides to support such case.
· Option 2: HW, OPPO
· RAN4 not to define requirements for PRS measurements with FH without gaps.
· Recommended WF
· Discuss the options.
Issue 2-1-2: Applicable RRC states for PRS measurements without FH 
· Proposals
· Option 1: Xiaomi
· The requirements of RedCap positioning without FH in RRC_IDLE/RRC_INACTIVE can be firstly implemented in draftCR.
· The following requirements of RedCap Pos in RRC_IDLE can be specified:
· RSTD
· PRS-RSRP and PRS-RSRPP 
· Recommended WF
· Discuss the option.
Issue 2-1-3: Applicable RRC states for PRS measurements with FH 
In the approved WF in R4-2314353 at RAN4#108 the following was agreed:
· Issue 2-1-1: Applicable RRC states for Redcap positioning with FH
· RAN4 will prioritize defining Redcap positioning requirements with FH in RRC connected and then will define Redcap positioning requirements with FH in RRC inactive state and RRC idle state.
· Proposals
· Option 1: OPPO
· PRS measurement with FH in RRC_INACTIVE and RRC_IDLE states can be supported subject to UE capability, and the related requirements should be defined in RAN4 if time allows.
· Option 2: HW
· RAN4 stick to the existing agreements for requirements for PRS measurements with FH in INACTIVE and IDLE. No further discussion is needed.
· Recommended WF
· Considering the past agreement it is recommended not to reopen this issue and follow the agreement.
Sub-topic 2-2: PRS measurements for RedCap without FH
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-2-1: CSSF for PRS measurement requirements in RRC connected state without FH
· Proposals
· Option 1: HW, OPPO, E///
· Option 1A: HW, OPPO, Nokia
· 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.
· Option 1B: E///
· CSSF as defined in clause 9.1A.5.2 shall apply for PRS measurement period requirements for RedCap UEs in RRC_CONNECTED state.
· Update clause 9.1A.5.2 to be valid also for RedCap positioning.
· Recommended WF
· Check if it is agreeable to update clause 9.1A.5.2?
Sub-topic 2-3: PRS measurements for RedCap with FH
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-3-1: Side conditions for PRS measurements with FH
· Proposals
· Option 1: CATT
· The side conditions for measurements without FH can be reused for measurements with FH.
· Recommended WF
· Discuss the option together with the compiled simulation results under option 2-3-2.
Issue 2-3-2: Collection of simulation results for PRS measurements with FH
· Proposals
· Moderator suggests that in first round all the simulation results are collected and compiled e.g. in R4-2320372.
· Recommended WF
· Discuss based on the compiled results. 
Issue 2-3-3: Nsample for reduced number of samples in PRS measurement requirements with FH
· Proposals
· Option 1: E/// 
· When UE is configured to perform positioning measurements with FH then Nsample = 2 is considered in measurement period requirement for reduced number of sample case.
· Recommended WF
· Discuss the options. 
Issue 2-3-4: Measurement sample definition under FH
· Proposals
· Option 1: CATT
· Measurement sample under FH can be defined as a PRS measurement over multiple hops within a single measurement gap.
· Option 2: Xiaomi 
· The “measurement samples” used to define the measurement requirements in current spec [4] shall be revisited in case of UE reporting measurements over
· Option 3: Nokia 
· RAN4 to reuse the existing definition of measurement samples for reporting measurements over the hops.
· Recommended WF
· Discuss the options.
Issue 2-3-5: Number of Rx beam sweeps for defining PRS measurement requirements with FH
· Proposals
· Option 1: HW, CATT, OPPO, Nokia
· The Rx beam sweeping factor (NRxBeam) definition in Rel-17 is reused for PRS measurements with FH.
· Recommended WF
· Check if option 1 is agreeable? 
Issue 2-3-6: Number of hops within a single MG occasion
· Proposals
· Option 1: HW
· The number of hops within a single MG occasion  is defined as

where 
·  is the number of PRS repetitions within the MG occasion
·  is the PRS repetition interval (given by dl-PRS-ResourceTimeGap)
·  is the number of slots per hop and  
·  if the RF switching time is ≤ 7 symbols and  otherwise
·  is the maximum number of hops derived from the configured PRS BW 
· Option 2: QC
·  if  or , otherwise 
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times
·  is the stride of PRS inter-slot repetitions
·  is the number of frequency hops per slot as a function of number of PRS symbols, PRS comb size, and retuning time between hops. FFS how to determine  from these parameters and whether to limit its maximum value.
Issue 2-3-7: Type of PRS measurement requirements with FH 
· Proposals
· Option 1: Nokia
· RAN4 to define the different PRS measurement period requirements for single and multiple hop measurements, respectively.  
· Option 2: HW
· 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
· Option 3: E///
Do not define requirements for the case when overlapping between adjacent hops is not considered for PRS measurements.
Issue 2-3-8: PRS measurement period requirements with FH based on multiple hops
· Proposals
· Option 1: E///
· Lavailable for PRS measurement period requirement with FH is calculated as:
Lavailable= Lavailable per hop × Nhops + RFretuning time × (Nhops -1),
where
· Lavailable per hop is the time duration of PRS resource UE can measure in each hop and depends on the UE capability,
· RFretuning time is the RF retuning time based on UE reported capability,
· Nhops is calculated based on the DL PRS bandwidth UE can measure across all hops, PRS bandwidth UE can measure per hop and overlapping between hops supported by the UE.  Nhops = . BWTotal is the DL PRS bandwidth across all hops. BWper hop is the DL PRS BW UE can measurement in each hop. And PRBoverlapping is the number of overlapping PRBs between hops.
· Option 2: Xiaomi
· RAN4 can discuss UE Rx-Tx time difference requirements for Redcap UE with frequency hoping SRS upon RAN1’s conclusion, e.g.
· The legacy requirements on UE Rx-Tx time deference needs to be relaxed due to the additional switching time.
· Scheduling restriction because of the collision due to SRS TX hopped
· Option 3: HW
· 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 only to PRS resource in the sampling duration in each hop.
· Recommended WF
· Discuss the options.
Issue 2-3-9: UE capability with enlarged soft buffer to support PRS Rx hopping
· Proposals
· Option 1: Xiaomi
· In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered.
· Option 2: HW
· RAN4 not to further discuss enlarged soft buffer for FH given the RAN1 feature list.
· Option 3: Nokia
· The issues on soft buffer size for combining multiple hops of RedCap UE is not within the scope of RAN4 discussion.
· Recommended WF
· Discuss the options.
Issue 2-3-10: Applicability conditions for PRS measurement requirements with FH
· Proposals
· Option 1: HW, CATT
· Requirements for PRS measurements with FH are applicable subject to explicit request by the LMF to perform measurements with FH.
· Option 2: Nokia
· RAN4 should not define any requirement for an explicit request by LMF to perform measurements with FH.
· Recommended WF
· Discuss the options.
Topic #3: PRS/SRS BW aggregation
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2318279
	CATT
	Observation: It is difficult to verify whether the aggregated PRS resources are transmitted from the same Tx RF chain in the tests.
Proposal 1: RAN4 not to capture the condition of single RF chain (same antenna) in RAN4 specs which should be a prerequisite for BW aggregation.
Proposal 2: Measurement requirements for one PFL combination also apply to the cases when two PFL combinations are configured. No extra RAN4 work is required.
Proposal 3: Requirements for PRS bandwidth aggregation are applicable provided that the linked PRS resource sets are from the same TRP. Option 2 is also supported:
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
Proposal 4: The existing measurement period requirements can be reused for non-aggregated measurements, while it can be baseline for aggregated measurements with some modifications, e.g., new UE processing capabilities in FG 41-4-1/1a. Details can be discussed in draft CR.
Proposal 5:  is added to align non-aggregated and aggregated measurements, where  is the maximum periodicity of measurement in non-aggregated/aggregated PFLs and the definition is the same as that in the existing measurement period requirements.
Proposal 6: The bandwidth aggregation requirements are applicable provided that no PRS/SRS resources dropped.
Proposal 7: RAN4 not to define UE behaviour which shall depend on priority rules or UE implementation when collisions occur. 
Proposal 8: Interruptions at NR SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 can be reused for the interruption due to SRS bandwidth aggregation. Detailed interruption time can be further determined based on RF session conclusion. 

	R4-2318859
	Xiaomi
	PRS bandwidth aggregation
Observation 1: The optimized UE implementations when the PRS collided with other signals in the aggregated PFLs are feasible and beneficial to improve all PRS resource utilization.
Observation 2: At least when there is colliding on PRS with other signal, UE can fallback to the measurement with non-aggregated bandwidth aggregation PRS measurement indeed. 
Proposal 1: When the PRS collision with other signals on PRS bandwidth aggregation requirement, UE’s measurement can rely on the PRS of the PFL which is not collided. 
Observation 3-1 : For Taggregate as UE needs to measure the PRS from all aggregated PFLs, the requirement in Rel16 can be reused for it but with the replacement the number of PFL “L” with the number for PLF group number “M”. 
Observation 3-2: For  , regarding to the case in which the processing time of the last PRS measurement for the different PFLs within an aggregated PFL group are different, we suggest to specify the   as max() for each layer(“i”th layer) because Tlast is used to algin the resource to be measured in each PFL.
Observation 3-3: For Tnonaggregate , the requirement in Rel16 can be completed reused. 
Observation 3-4: It is unnecessary to include any other Tmarign if  and   were counted into the overall measurement delay.
Proposal 2:  The total measurement period for RSTD and UE Rx-Tx requirements with bandwidth aggregation across all PFLs is defined as
	Txxxx,total = Tagg + Tnon-agg         (1)
Wherein, 
    (2)
where  is the number of PFL groups to be aggregated, and for each PFL group:
  (3)
 = max()   (4)
Wherein,  i is the index of PFL layers within a PFL aggregated group.

  (5)
 is the number of PFL to be measured separately.
  (6)


SRS bandwidth aggregation
Proposal 3: RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.
Observation 4: For UE Rx-Tx time difference measurements with SRS aggregation, if SRS in one of aggregated PFL is dropped in a symbol, UE can restart new measurements.
Proposal 4: The requirements of UE Rx-Tx time difference measurements with SRS aggregation is applicable only when there is no any dropped aggregated SRSs. 
Proposal 5: RAN4 to define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RF session. Requirements for SRS carrier switching or antenna switching can be re-used as baseline.

	R4-2319096
	CMCC
	Proposal 1: for applicable aggregated bandwidth, no need to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation. It is proposed to consider both  equal and unequal PFL bandwidth, and same measurement period and measurement performance requirements apply to both cases.

	R4-2319307
	LG Electronics Inc.
	Proposal 1: RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwith including maximum bandwidth case. (Support - Option 1)
Proposal 2: RAN4 to define interruption requirements or scheduling restriction for SRS transmission for BW aggregation on UL communication CC.

	R4-2319484
	OPPO
	Proposal 1: The scenario that aggregated SRS outside initial UL BWP should be considered when defining RRM requirements in RRC_INACTIVE state.
Proposal 2: Use the conditions for PRS/SRS bandwidth aggregation agreed in RAN1 as the baseline and additional capture ‘the same RF chain (same antenna)’ in RAN4.
Proposal 3: Tmargin = max(Teffect, aggregate, Teffect, non-aggregate) should be added when both Taggregate and Tnon-aggregate are larger than 0. 
Proposal 4: When one of aggregated PRS resources is dropped due to collision, it is up to UE implementation to perform measurement based on the remaining PRS resources and RAN4 will not specify the exact value of extended measurement period.

	R4-2319999
	Huawei, HiSilicon
	Proposal 1: RAN4 to define measurement period requirements for PRS CA in BW agnostic manner.
Proposal 2: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
Proposal 3: Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
Proposal 4: Adopt the following addition to the measurement period requirements for PRS CA.
· Taggregate is defined re-using the existing requirements as baseline, and
· multiple PFLs with linked resource sets are considered as one ‘effective’ PFL
· new processing capability for aggregate measurements would apply
· only resources that are linked are considered in Lprs
· Update the total measurement period by adding an alignment margin 
Txxxx,total = Taggregate + Tnon-aggregate + max(Teffect,i)
Proposal 5: RAN4 not to define UE behaviour when there is no PRS resource dropping on any of the aggregated PFLs.
Proposal 6: TEG is considered in measurement period requirements for PRS CA.
Proposal 7: RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
Proposal 9: RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in INACTIVE. 
Proposal 10: RAN4 not to define new applicability rule for UE Rx-Tx requirements related to SRS dropping in case of SRS CA. 
Proposal 11: RAN4 to discuss whether to define interruption for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1. 

	R4-2320373
	Ericsson
	# Tmargin for PRS bandwidth aggregation measurement period requirement
Proposal 1: Tmargin = max(Teffect,i) + time until the start of measurement on non-aggregated PFLs. In the formula i denotes index of effective PFL, corresponding to the group of PFLs aggregated for PRS measurement.
# Impact of PRS collision on aggregation requirement
Observation 1: UE is expected to measure PRS resource on one or more of the non-colliding PFLs.
Proposal 2: Legacy measurement period requirement applies for the case when UE is configured to aggregate 2 PFLs for positioning measurement in RRC_CONNECTED state and one of the PFLs is dropped due to collision with SSB.
Proposal 3: For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with SSB and non-colliding PFLs are contiguous then UE shall meet measurement period requirement for positioning measurements by aggregating 2 PFLs.
Proposal 4: For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with SSB and non-colliding PFLs are non-contiguous then UE determines PFL, among the non-colliding ones, to perform positioning measurements on. In this case legacy measurement period requirement applies.
# Single Tx chain definition
Proposal 5: Single Tx chain is defined as “common RF transmission bandwidth and the same transmit antenna reference point” in the requirement applicability section of core requirements for bandwidth aggregation for positioning measurements.

	R4-2320810
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to specify measurement period requirements for PRS/SRS BW aggregation in BW-agnostic way based on number of aggregated PFLs and indicated PRS resource sets for bandwidth aggregation. 
Proposal 3: RAN4 to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation.
Proposal 4: RAN4 to agree the following modification of clause 9.9.1.1 to TS 38.133.  
Proposal 5: RAN4 to agree the addition of the following new clause 7.5.X to TS 38.133.  
Proposal 6: RAN4 to study activation time for PRS/SRS BW aggregation for 2 PFLs and 3 PFLs, which will impact the measurement delay requirements.
Proposal 7: RAN4 to study the impact to CA data throughput due to the presence of guard period before and after aggregated SRS transmission.
Proposal 8: RAN4 to modify transmission requirements in TS 38.133 for the case one of the aggregated SRS carriers has a collision with other signal/channel in at least one symbol. 
Proposal 9: In case of PRS resource dropping due to collision with signals on one or more PFLs, which is up to UE implementation, the UE needs to indicate to LMF the number of PFLs the aggregated PRS measurement is based on. 
Proposal 10: RAN4 to await further RAN1 progress on the applicability of TEG reporting for PRS/SRS BW aggregation. 
Proposal 11: RAN4 to await further RAN1 agreement related to PRS-RSRP and PRS-RSRPP measurement type across aggregated PFLs.
Proposal 12: RAN4 to base RRM requirements for RRC_INACTIVE on the scenario that aggregated carriers with SRS for positioning are located outside the initial UL BWP.
Proposal 13: RAN4 to reflect the prioritization rule of SSB or other DL channel reception over SRS for positioning transmission outside the initial BWP in RRC_INACTIVE state in terms of defining scheduling restriction in a new clause 5.6.x in TS 38.133 aligned to current scheduling restriction in clause 5.5.4.   
Proposal 14: RAN4 to specify a suitable additional margin for switching between aggregated PFL reception to single PFL reception, e.g. 500 us. Lower values for the additional margin may be supported according to UE capability.

	R4-2320914
	Qualcomm Incorporated
	Observation 1: The LMF may configure up to two PFL groups for measurements with PRS BW aggregation.
Proposal 1: Measurement requirements with PRS BW aggregation apply provided the number of PFL groups to be aggregated is not greater than 2.
Proposal 2: For PRS measurement with BW aggregation within measurement gaps, define  as follows:

where  is the number of PFL groups to be aggregated, and for each PFL group:

· 
·  corresponds to parameter N defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the maximum number of PRS resources per PFL that the UE can process in one slot, as defined in FG 41-4-1 (41-4-1a, component 5) for aggregation of 2 (3) PFLs
·  is the maximum number of DL PRS resources configured per slot in one PFL, considering all PRS resource sets to be aggregated.
·  is defined as


·  corresponds to parameter T defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the available PRS periodicity as defined in Rel-17 for any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
·  is the time duration of available PRS in PFL i during , where PFL i is any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
· [ is the scaling factor for measurement of same PRS resource with multiple Rx TEGs]
·  is the carrier-specific scaling factor for PRS measurements with BW aggregation. The definition is FFS.
·  is a scaling factor for a positioning frequency layer to be measured within an associated measurement gap. As baseline, RAN4 will leverage the definition of  in Rel-17 to define .
·  is the UE Rx beam sweeping factor.  for FR1.  is based on the Rel-17 definition for FR2, including support for reduced Rx beam sweeping factor.
·  is the measurement delay for the last aggregated sample. As baseline, RAN4 will leverage the definition of   in Rel-17 to define .
Proposal 3: In the measurement period requirement for RSTD and UE Rx-Tx with PRS BW aggregation add the following margin: 
Proposal 4: When PRS-RSRP(P) is reported with timing-based positioning measurements (RSTD or UE Rx-Tx) with BW aggregation, the measurement period requirement for the timing-based measurements applies.
Proposal 5: No measurement requirements will be defined for stand-alone PRS-RSRP(P) reporting with PRS BW aggregation. 
Proposal 6: Define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RAN4 RF session. Requirements for SRS carrier switching or antenna switching can be re-used as baseline.

	R4-2320808
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to agree that aggregated PFL measurements are performed first also in case of two PFL groups.
Proposal 2: The total measurement period when two PFL groups are configured is for RSTD (and similarly for UE Rx-Tx time difference):
  
Proposal 3: RAN4 to consider changes to collision handling for PRS and other signals/channels to include the case of two PFL groups.
Proposal 4: RAN4 to send Reply LS to RAN1 asking clarification, if the number of measurement samples can be independent of the two PFL groups.

	R4-2319990
	Huawei, HiSilicon
	Proposal 1: RAN4 to take “single Rx chain” (same Rx antenna) assumption for defining accuracy requirements for PRS/SRS CA, i.e. no imperfection related to timing, frequency or phase error would be considered when deriving the requirements.
Proposal 2: RAN4 to define the following side conditions for the UE RSTD and Rx-Tx measurement period and accuracy requirements.
· The UE RSTD/Rx-Tx (core) and accuracy (performance) requirements apply provided that channel over which a symbol on the antenna port on one PFL for PRS transmission is conveyed can be inferred from the channel over which the same symbol on the antenna port on an aggregated PFL is conveyed
Proposal 3: RAN4 to define the following side conditions for the gNB Rx-Tx measurement accuracy requirements.
The gNB Rx-Tx measurement accuracy (performance) requirements apply provided that the channel over which a symbol on the antenna port on one carrier for SRS transmission is conveyed can be inferred from the channel over which the same symbol on the antenna port on an aggregated carrier for SRS transmission is conveyed



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: General aspects/scenarios for PRS/SRS BW aggregation
Sub-topic description:
Open issues and candidate options before meeting:
[bookmark: _Hlk150349973]Issue 3-1-1: Impact of aggregated bandwidth on PRS measurement period requirements
· Proposals
· Option 1: Nokia
· RAN4 to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation.
· RAN4 to specify measurement period requirements for PRS/SRS BW aggregation in BW-agnostic way based on number of aggregated PFLs and indicated PRS resource sets for bandwidth aggregation.
· Option 2: HW
· RAN4 to define measurement period requirements for PRS CA in BW agnostic manner.
· Option 3: CMCC
· for applicable aggregated bandwidth, no need to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation. It is proposed to consider both  equal and unequal PFL bandwidth, and same measurement period and measurement performance requirements apply to both cases.

· Recommended WF
· Discuss the options.
Issue 3-1-2: Applicable condition in RRC inactive 
· Proposals
· Option 1: OPPO
· The scenario that aggregated SRS outside initial UL BWP should be considered when defining RRM requirements in RRC INACTIVE state.
· Option 2: Nokia
· RAN4 to base RRM requirements for RRC_INACTIVE on the scenario that aggregated carriers with SRS for positioning are located outside the initial UL BWP.
· Recommended WF
· Discuss the options.
Sub-topic 3-2: PRS measurement requirements for PRS/SRS bandwidth aggregation
Sub-topic description 
Open issues and candidate options before meeting:
Following as agreed in the WF in R4-2317386 in RAN4#108bis:
· Condition of single TX chain (same antenna) shall be captured at least in the core part of TS 38.133 for UE PRS measurements:
· The UE PRS measurement requirements with PRS aggregation applies provided that all the PFLs to be aggregated by the UE are transmitted by the gNB using single Tx chain and the same transmit antenna reference point. Meaning of single Tx chain is FFS.
Issue 3.2.1: How to capture the condition of single RF chain (same antenna) in RAN4 specifications
· Proposals
· Option 1: HW
· RAN4 to take “single Rx chain” (same Rx antenna) assumption for defining accuracy requirements for PRS/SRS CA, i.e. no imperfection related to timing, frequency or phase error would be considered when deriving the requirements.
· RAN4 to define the following side conditions for the UE RSTD and Rx-Tx measurement period and accuracy requirements.
· The UE RSTD/Rx-Tx (core) and accuracy (performance) requirements apply provided that channel over which a symbol on the antenna port on one PFL for PRS transmission is conveyed can be inferred from the channel over which the same symbol on the antenna port on an aggregated PFL is conveyed
· RAN4 to define the following side conditions for the gNB Rx-Tx measurement accuracy requirements.
· The gNB Rx-Tx measurement accuracy (performance) requirements apply provided that the channel over which a symbol on the antenna port on one carrier for SRS transmission is conveyed can be inferred from the channel over which the same symbol on the antenna port on an aggregated carrier for SRS transmission is conveyed
· Option 2: E///
· Single Tx chain is defined as “common RF transmission bandwidth and the same transmit antenna reference point” in the requirement applicability section of core requirements for bandwidth aggregation for positioning measurements.
· Option 3: Nokia
· RAN4 to agree the following modification of clause 9.9.1.1 to TS 38.133:
When UE supports [PRS bandwidth aggregation capability] and is configured with [PRS bandwidth aggregation configuration], requirements are based on common numerology across all configured intra-band contiguous PFLs to be aggregated, whereby 
-	PRS resources to be aggregated from different PFLs may have equal or different number of PRS RBs.
-	PRS resources to be aggregated from different PFLs are transmitted in the same slot and in the same symbols.
-	PRS resources to be aggregated from different PFLs are transmitted by the same TRP and associated with a common Antenna Reference Point (ARP), as specified in TS 38.104.
- 	PRS resources to be aggregated from different PFLs are received with single RF chain and the same Antenna Reference Point (ARP), as specified in TS 38.101-1 for FR1 and TS 38.101-2 for FR2.
· RAN4 to agree the addition of the following new clause 7.5.X to TS 38.133:
7.5.X	Minimum Requirements for SRS Bandwidth Aggregation
When UE supports [SRS bandwidth aggregation capability] and is configured with [SRS bandwidth aggregation configuration], relative transmission timing difference between slot timing of all pairs of configured intra-band contiguous carriers to be aggregated are based on common numerology across all intra-band contiguous carriers, whereby 
-	SRS resources to be aggregated from different carriers may have equal or different number of SRS RBs.
-	SRS resources to be aggregated from different carriers are transmitted in the same slot and in the same symbols.
-	SRS resources to be aggregated from different carriers are transmitted by single RF chain and associated with a common Antenna Reference Point (ARP), as specified in TS 38.101-1 for FR1 and TS 38.101-2 for FR2.
· Option 4: CATT
· RAN4 not to capture the condition of single RF chain (same antenna) in RAN4 specs which should be a prerequisite for BW aggregation.
· Recommended WF
· Discuss the options.
· Send LS reply to RAN1 LS (R1-2308449/R4-2315004) capturing agreement, if considered necessary.
Issue 3-2-2: Applicable conditions for meeting PRS/SRS bandwidth aggregation requirements
· Proposals
· Option 1: OPPO
· Use the conditions for PRS/SRS bandwidth aggregation agreed in RAN1 as the baseline and additional capture ‘the same RF chain (same antenna)’ in RAN4.
· Option 2: CATT
· Requirements for PRS bandwidth aggregation are applicable provided that the linked PRS resource sets are from the same TRP. Option 2 is also supported:
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
· The bandwidth aggregation requirements are applicable provided that no PRS/SRS resources dropped.
· Option 3: HW
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
· Option 4: QC
· Measurement requirements with PRS BW aggregation apply provided the number of PFL groups to be aggregated is not greater than 2.
· Recommended WF
· Discuss the options.
Issue 3-2-3: Measurement period requirement for PRS/SRS bandwidth aggregation 
· Proposals
· Option 1: CATT
· The existing measurement period requirements can be reused for non-aggregated measurements, while it can be baseline for aggregated measurements with some modifications, e.g., new UE processing capabilities in FG 41-4-1/1a. Details can be discussed in draft CR.
·  is added to align non-aggregated and aggregated measurements, where  is the maximum periodicity of measurement in non-aggregated/aggregated PFLs and the definition is the same as that in the existing measurement period requirements.
· Option 2: Xiaomi
· The total measurement period for RSTD and UE Rx-Tx requirements with bandwidth aggregation across all PFLs is defined as
Txxxx,total = Tagg + Tnon-agg         (1)
Wherein, 
    (2)
where  is the number of PFL groups to be aggregated, and for each PFL group:
  (3)
 = max()   (4)
Wherein,  i is the index of PFL layers within a PFL aggregated group.
  (5)
 is the number of PFL to be measured separately.
  (6)
· Option 2: QC
· For PRS measurement with BW aggregation within measurement gaps, define  as follows:

where  is the number of PFL groups to be aggregated, and for each PFL group:

· 
·  corresponds to parameter N defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the maximum number of PRS resources per PFL that the UE can process in one slot, as defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs
·  is the maximum number of DL PRS resources configured per slot in one PFL, considering all PRS resource sets to be aggregated.
·  is defined as

·  corresponds to parameter T defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the available PRS periodicity as defined in Rel-17 for any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
·  is the time duration of available PRS in PFL i during , where PFL i is any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
· [ is the scaling factor for measurement of same PRS resource with multiple Rx TEGs]
·  is the carrier-specific scaling factor for PRS measurements with BW aggregation. The definition is FFS.
·  is a scaling factor for a positioning frequency layer to be measured within an associated measurement gap. As baseline, RAN4 will leverage the definition of  in Rel-17 to define .
·  is the UE Rx beam sweeping factor.  for FR1.  is based on the Rel-17 definition for FR2, including support for reduced Rx beam sweeping factor.
·  is the measurement delay for the last aggregated sample. As baseline, RAN4 will leverage the definition of   in Rel-17 to define .
· In the measurement period requirement for RSTD and UE Rx-Tx with PRS BW aggregation add the following margin: 
· Option 3: HW
· Adopt the following addition to the measurement period requirements for PRS CA.
· Taggregate is defined re-using the existing requirements as baseline, and
· multiple PFLs with linked resource sets are considered as one ‘effective’ PFL
· new processing capability for aggregate measurements would apply
· only resources that are linked are considered in Lprs
· Update the total measurement period by adding an alignment margin 
Txxxx,total = Taggregate + Tnon-aggregate + max(Teffect,i)
· Option 5: E///
· Tmargin = max(Teffect,i) + time until the start of measurement on non-aggregated PFLs. In the formula i denotes index of effective PFL, corresponding to the group of PFLs aggregated for PRS measurement.
· Option 6: Nokia
· RAN4 to specify measurement period requirements for PRS/SRS BW aggregation in BW-agnostic way based on number of aggregated PFLs and indicated PRS resource sets for bandwidth aggregation.
· RAN4 to agree that aggregated PFL measurements are performed first also in case of two PFL groups.
· The total measurement period when two PFL groups are configured is for RSTD (and similarly for UE Rx-Tx time difference): 
  
· RAN4 to specify a suitable additional margin for switching between aggregated PFL reception to single PFL reception, e.g. 500 us. Lower values for the additional margin may be supported according to UE capability
· Option 7: OPPO
· Tmargin = max(Teffect, aggregate, Teffect, non-aggregate) should be added when both Taggregate and Tnon-aggregate are larger than 0. 
· Recommended WF
· Discuss the options.
Issue 3-2-4: Impact of PRS collision with other signals on PRS bandwidth aggregation requirement
· Proposals
· Option 1: CATT
· RAN4 not to define UE behaviour which shall depend on priority rules or UE implementation when collisions occur.
· Option 2: Nokia
· In case of PRS resource dropping due to collision with signals on one or more PFLs, which is up to UE implementation, the UE needs to indicate to LMF the number of PFLs the aggregated PRS measurement is based on.
· RAN4 to consider changes to collision handling for PRS and other signals/channels to include the case of two PFL groups.
· Option 3: OPPO
· When one of aggregated PRS resources is dropped due to collision, it is up to UE implementation to perform measurement based on the remaining PRS resources and RAN4 will not specify the exact value of extended measurement period.
· Option 4: E///
· Legacy measurement period requirement applies for the case when UE is configured to aggregate 2 PFLs for positioning measurement and one of the PFLs collide with other high priority DL signal.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with SSB and non-colliding PFLs are contiguous then UE shall meet measurement period requirement for positioning measurements by aggregating 2 PFLs.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with SSB and non-colliding PFLs are non-contiguous then UE determines PFL, among the non-colliding ones, to perform positioning measurements on. In this case legacy measurement period requirement applies.
· Option 5: Xiaomi
· When the PRS collision with other signals on PRS bandwidth aggregation requirement, UE’s measurement can rely on the PRS of the PFL which is not collided.
· Option 6: HW
· RAN4 not to define UE behaviour when there is no PRS resource dropping on any of the aggregated PFLs.
· Recommended WF
· Discuss the options.
Issue 3-2-5: Impact of SRS collision with other signals on SRS bandwidth aggregation requirement
· Proposals
· Option 1a: Xiaomi
· RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.
· The requirements of UE Rx-Tx time difference measurements with SRS aggregation is applicable only when there is no any dropped aggregated SRSs.
· Option 1b: HW
· RAN4 not to define new applicability rule for UE Rx-Tx requirements related to SRS dropping in case of SRS CA.
· Option 2: Nokia
· RAN4 to modify transmission requirements in TS 38.133 for the case one of the aggregated SRS carriers has a collision with other signal/channel in at least one symbol.
· Recommended WF
· Discuss the option.
Issue 3-2-6: Impact of collision of other signals on SRS bandwidth aggregation requirement in RRC_INACTIVE
· Proposals
· Option 1: HW
· RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in INACTIVE.
· Option 2: Nokia
· RAN4 to reflect the prioritization rule of SSB or other DL channel reception over SRS for positioning transmission outside the initial BWP in RRC_INACTIVE state in terms of defining scheduling restriction in a new clause 5.6.x in TS 38.133 aligned to current scheduling restriction in clause 5.5.4.   
· Recommended WF
· Discuss the options.
Issue 3-2-7: TEG for PRS/SRS bandwidth aggregation
· Proposals
· Option 1: HW
· TEG is considered in measurement period requirements for PRS CA.
· Option 2: Nokia
· RAN4 to await further RAN1 progress on the applicability of TEG reporting for PRS/SRS BW aggregation.
· Recommended WF
· Discuss the options.
Issue 3-2-8: Activation time for PRS/SRS bandwidth aggregation
· Proposals
· Option 1: Nokia
· RAN4 to study activation time for PRS/SRS BW aggregation for 2 PFLs and 3 PFLs, which will impact the measurement delay requirements.
· Recommended WF
· Discuss the option.
Issue 3-2-9: Impact of guard period on CA throughput
· Proposals
· Option 1: Nokia
· RAN4 to study the impact to CA data throughput due to the presence of guard period before and after aggregated SRS transmission.
· Recommended WF
· Discuss the option.
Issue 3-2-10: Interruption due to SRS transmission for BW aggregation
· Proposals
· Option 1: CATT
· Interruptions at NR SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 can be reused for the interruption due to SRS bandwidth aggregation. Detailed interruption time can be further determined based on RF session conclusion.
· Option 2: Xiaomi, QC
· RAN4 to define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RF session. Requirements for SRS carrier switching or antenna switching can be re-used as baseline.
· Option 3: HW
· RAN4 to discuss whether to define interruption for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1.
· Option 3: LG
· RAN4 to define interruption requirements or scheduling restriction for SRS transmission for BW aggregation on UL communication CC.
· Recommended WF
· Discuss the options.
Issue 3-2-11: PRS aggregation for PRS-RSRP and PRS-RSRPP
· Proposals
· Option 1: HW, Nokia
· Option 1A: HW
· RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
· Option 1B: Nokia
· RAN4 to wait on further RAN1 agreement related to PRS-RSRP and PRS-RSRPP measurement type across aggregated PFLs.
· Option 2: Qualcomm
· When PRS-RSRP(P) is reported with timing-based positioning measurements (RSTD or UE Rx-Tx) with BW aggregation, the measurement period requirement for the timing-based measurements applies.
· No measurement requirements will be defined for stand-along PRS-RSRP(P) reporting with PRS BW aggregation.
· Recommended WF
· Discuss the options.
Topic #4: RRM performance requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2319097
	CMCC
	Proposal 1: For SL-PRS, it is proposed to define test cases for
· SL-PRS based AoA/ZOA 
· SL-PRS based RTOA
· SL-PRS based RSTD
· SL-PRS based UE Rx-Tx time difference
· SL-PRS based RSRP
· SL-PRS based RSRPP
Proposal 2: for LPHAP, it is proposed to define test cases for both normal (non-RedCap) and RedCap type of devices.
Proposal 3: For LPHAP, it is proposed to define test cases fo following cases:
· When RAN eDRX <= 10.24s
· CN eDRX <= 10.24 s
· CN eDRX >10.24 s
· When RAN eDRX > 10.24s
Proposal 4: for LPHAP, it is proposed to define test cases for eDRX with following enhancements:
· Reduced number of PRS samples
· parallelPRS-MeasRRC-Inactive-r17 capability
· Lower Rx beam sweeping in FR2

	R4-2320002
	Huawei, HiSilicon
	Proposal 1: RAN4 to define accuracy requirements for the following SL PRS measurements: SL RSTD, SL Rx-Tx, SL PRS-RSRP, SL PRS-RSRPP, SL AoA/ZoA. RAN4 not to define accuracy requirements for SL RTOA.
Proposal 2: Accuracy requirements for SL PRS measurements are defined for following RB numbers
· 15kHz SCS: 48, 96
· 30kHz SCS: 24, 48, 96
· 60kHz SCS: 24, 48
Proposal 3: Accuracy requirements for SL PRS measurements are defined based on 
· Es/Iot side condition of (0, -3, -3)dB or (0, 0, 0)dB
· Same channel as their Uu counterparts, FFS for SL AoA/ZoA
· Nsample = 1
Proposal 4: Existing accuracy requirements are applicable for PRS measurement in INACTIVE with eDRX, and PRS measurement in IDLE.
Proposal 5: For RedCap with 2RX without FH, existing accuracy requirements are reused except for the applicable BW.
Proposal 6: For RedCap with 1RX without FH, new accuracy requirements are defined based on the agreed Es/Iot side condition and related simulation results. 
Proposal 7: For RedCap with FH, new accuracy requirements are defined based same channel, Es/Iot side condition and sample number as requirements for non-FH. 
Proposal 8: For RedCap with FH, RAN4 to discuss the per hop BW and total measurement BW across all hops for defining accuracy requirements. 
Proposal 9: For PRS CA, RAN4 to define RSTD and UE Rx-Tx accuracy requirements for 2-PFL and 3-PFL, based same channel, Es/Iot side condition and sample number as requirements for single PFL.
Proposal 10: For PRS CA, RAN4 to use the following per PFL BW as starting point to define accuracy requirements for RSTD and UE Rx-Tx.
· 15kHz SCS: 104 (20M)
· 30kHz SCS: 132 (50M), 272 (100M)
· 60kHz SCS FR1: 64 (50M), 132 (100M)
· 60kHz SCS FR2: 64 (50M), 132 (100M)
· 120kHz SCS: 64 (100M), 128 (200M)
Proposal 11: RAN4 to define accuracy requirements for DL RSCPD and relative accuracy for DL RSCP. RAN4 not to define absolute accuracy requirements for DL RSCP.
Proposal 12: RAN4 not to define accuracy requirements for UL RSCP.
Proposal 13: Accuracy requirements for CPP measurements are defined using same RB numbers as used in existing RSTD and UE Rx-Tx accuracy requirements.

	R4-2320375
	Ericsson
	Proposal 1: Do not define accuracy requirement specific to LPHAP. For LPHAP, rel. 17 accuracy requirements apply.
Proposal 2: RAN4 to align the targeted PRS BW range for NR DL CPP to that for legacy measurement (RSTD/UE Rx-Tx).
Proposal 3: RSCPD and RSCP accuracy requirements are only defined for Nsample = 1 under AWGN and Two-tap propagation conditions.
Proposal 4: RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
Proposal 5: UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 6: PRS-RSRP accuracy requirement for 1Rx RedCap UE is defined for SINR values (-3, -10, -10) dB.
Proposal 7: PRS-RSRPP accuracy requirement for 1Rx RedCap UE under two path propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 8: Rel. 17 accuracy requirement for PRS-RSRP measurement is reused to define PRS-RSRP accuracy requirement for RedCap positioning with FH.
Proposal 9: Prioritize accuracy requirement for 2 PFL case over 3 PFL case while defining accuracy requirement for positioning measurements based on bandwidth aggregation.

	R4-2320913
	Qualcomm Incorporated
	Proposal 1: The minimum PRS BW expected to be measured is given by

where
·  is the configured PRS BW
·  is the BW per hop signaled in the UE capability
·  is the minimum hop overlap signaled in the UE capability
·  if  or , otherwise 
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times
·  is the stride of PRS inter-slot repetitions
 is the number of frequency hops per slot as a function of number of PRS symbols, PRS comb size, and retuning time between hops. FFS how to determine  from these parameters and whether to limit its maximum value.
Proposal 2:
· For RSTD accuracy requirements for 1Rx RedCap UE under fading propagation condition, the reference and target SINR side-conditions are SINRref = -6 dB, SINRtarget = -10 dB.
· For UE Rx-Tx accuracy requirements for 1Rx RedCap UE under fading propagation condition, the SINR side-conditions are (-3, -10) dB.
Proposal 3: RAN4 to define a single set of PRS-RSRP accuracy requirements for 1Rx RedCap UEs under both AWGN and fading conditions, at SINR side-conditions (-3, -10) dB.
Proposal 4: RAN4 to define PRS-RSRPP accuracy requirements for 1Rx RedCap UEs under the 2-tap channel model used in Rel-17, at SINR side-conditions (-3, -10) dB.

	R4-2318278
	CATT
	Proposal 2: The brackets in the side condition for 1Rx without FH under fading propagation condition can be removed, i.e., the side conditions should be:
•	RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
•	UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
•	PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
•	PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 7: The effective bandwidth for PRS measurements for RedCap with FH can be derived by the equation: , where, 
·  is the configured BW for PRS.
·  is the number of RBs per hop.
·  is number of hops.
·  is the number of overlapping RBs between hops.

	R4-2319999
	Huawei, HiSilicon
	Proposal 8: RAN4 to approve the simulation assumption in the Annex for PRS CA. 

	R4-2320914
	Qualcomm Incorporated
	Proposal 7: Simulate performance in AWGN only.
Proposal 8: Simulate only RSTD and UE Rx-Tx measurements with PRS BW aggregation.
Proposal 9: For PRS BW aggregation across 2 PFLs simulate the following configurations
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
per PFL
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	32

	
	30
	48
	1
	32

	
	
	132
	1
	16

	
	60, FR1
	64
	1
	16

	
	
	132
	1
	8

	
	60, FR2
	64
	1
	16

	
	
	132
	1
	8

	
	120
	64
	1
	8

	
	
	128
	1
	4

	PRS comb size
	4

	PRS symbol size
	4

	PRS periodicity
	40ms

	Sample number
	2 for Es/Iot of (-3, -6, -6)dB
4 for Es/Iot of (-6, -13, -13)dB

	TOA estimation 
	Realistic 

	Path #
	First path



Proposal 10: For PRS BW aggregation across 3 PFLs simulate the following configurations
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
per PFL
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	16

	
	30
	48
	1
	16

	
	
	132
	1
	8

	
	60, FR1
	64
	1
	8

	
	
	132
	1
	4

	
	60, FR2
	64
	1
	8

	
	
	132
	1
	4

	
	120
	64
	1
	4

	
	
	128
	1
	2

	PRS comb size
	4

	PRS symbol size
	4

	PRS periodicity
	40ms

	Sample number
	2 for Es/Iot of (-3, -6, -6)dB
4 for Es/Iot of (-6, -13, -13)dB

	TOA estimation 
	Realistic 

	Path #
	First path



Proposal 11: Channel spacing between PFLs not to exceed the nominal channel spacing for CA defined in 38.101-1, clause 5.4A.1 for FR1 and in 38.101-2, clause 5.4A.1 for FR2. FFS the exact channel spacing values for each PRS configuration.

	R4-2320855
	Nokia, Nokia Shanghai Bell
	Proposal 3: RAN4 to define performance requirements for 4 measurement samples as baseline and optionally consider the reduced number of samples Nsample = 2.
Proposal 7: RAN4 to define the BW with FH as follows:
,
where 
·  is the configured PRS BW,
·  is the number of hops within a single MG instance,
·  is the BW per hop depending on UE capabilities, and
 is the BW of all overlapped RBs.

	R4-2319307
	LG Electronics Inc.
	Proposal 1: RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth including maximum bandwidth case. (Support - Option 1)

	R4-2319996
	Huawei, HiSilicon
	Proposal 6: For Case 1, RAN4 to define the overall BW with FH 

where 
·  is the minimum of the configured PRS BW, UE capability of maximum PRS BW across all hops and total BW of all hops requested by LMF
·  is number of hops within a single MG occasion
·  is the supported BW per hop which is UE capability 
·  is the BW of the overlapping RB

	R4-2320810
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to specify measurement period requirements for PRS/SRS BW aggregation in BW-agnostic way based on number of aggregated PFLs and indicated PRS resource sets for bandwidth aggregation. 
Proposal 2: RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth of 10 MHz, 20 MHz and 50 MHz for PRS/SRS BW aggregation in FR1 and 50 MHz, 100 MHz, 200 MHz for PRS/SRS BW aggregation in FR2.
Proposal 3: RAN4 to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 4-1: RRM performance requirements for RedCap
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-1-1: PRS measurement accuracy for 2Rx RedCap UE without FH
· Proposals
· Option 1: HW
· For RedCap with 2RX without FH, existing accuracy requirements are reused except for the applicable BW.
· Recommended WF
· Discuss the options.
Issue 4-1-2: PRS measurement accuracy for 1Rx RedCap UE without FH
In RAN4#108, following was agreed for 1Rx RedCap without FH in the WF in R4-2314353:
· RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, [-10], [-10]) dB.
· UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
· PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
· PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.

· Proposals
· Option 1: HW
· For RedCap with 1RX without FH, new accuracy requirements are defined based on the agreed Es/Iot side condition and related simulation results.
· Option 2: E///, QC, CATT
· Option 2A: E///, CATT
· RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
· UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
· PRS-RSRP accuracy requirement for 1Rx RedCap UE is defined for SINR values (-3, -10, -10) dB.
· PRS-RSRPP accuracy requirement for 1Rx RedCap UE under two path propagation condition is defined for SINR values (-3, -10, -10) dB.
· Option 2B: QC
· For RSTD accuracy requirements for 1Rx RedCap UE under fading propagation condition, the reference and target SINR side-conditions are SINRref = -6 dB, SINRtarget = -10 dB.
· For UE Rx-Tx accuracy requirements for 1Rx RedCap UE under fading propagation condition, the SINR side-conditions are (-3, -10) dB.
· RAN4 to define a single set of PRS-RSRP accuracy requirements for 1Rx RedCap UEs under both AWGN and fading conditions, at SINR side-conditions (-3, -10) dB.
· RAN4 to define PRS-RSRPP accuracy requirements for 1Rx RedCap UEs under the 2-tap channel model used in Rel-17, at SINR side-conditions (-3, -10) dB.
· Recommended WF
· Discuss the options.
Issue 4-1-3: PRS measurement accuracy for RedCap UE with FH
· Proposals
· Option 1: HW
· For RedCap with FH, new accuracy requirements are defined based same channel, Es/Iot side condition and sample number as requirements for non-FH.
· Option 2: E///
· Rel. 17 accuracy requirement for PRS-RSRP measurement is reused to define PRS-RSRP accuracy requirement for RedCap positioning with FH.
· Option 3: Nokia
· RAN4 to define performance requirements for 4 measurement samples as baseline and optionally consider the reduced number of samples Nsample = 2.
· Recommended WF
· Discuss the options.
Issue 4-1-4: Applicable BW for defining PRS measurement accuracy for RedCap UE with FH
· Proposals
· Option 1: CATT
· The effective bandwidth for PRS measurements for RedCap with FH can be derived by the equation: , where, 
·  is the configured BW for PRS.
·  is the number of RBs per hop.
·  is number of hops.
·  is the number of overlapping RBs between hops.
· Option 2: HW
· For RedCap with FH, RAN4 to discuss the per hop BW and total measurement BW across all hops for defining accuracy requirements.
· Option 3: HW, Nokia
· For Case 1, RAN4 to define the overall BW with FH 

where 
·  is the configured PRS BW and subject to UE capability 
·  is number of hops within a single MG occasion
·  is the supported BW per hop which is UE capability 
·  is the BW of the overlapping RB 
· Option 4: QC
· The minimum PRS BW expected to be measured is given by

where
·  is the configured PRS BW
·  is the BW per hop signaled in the UE capability
·  is the minimum hop overlap signaled in the UE capability
·  if  or , otherwise 
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times
·  is the stride of PRS inter-slot repetitions
·  is the number of frequency hops per slot as a function of number of PRS symbols, PRS comb size, and retuning time between hops. FFS how to determine  from these parameters and whether to limit its maximum value.
· Recommended WF
· Discuss the option.
Sub-topic 4-2: RRM performance requirements for PRS/SRS BW aggregation
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-2-1: Applicable aggregated bandwidth for PRS measurement accuracy for PRS/SRS BW aggregation
· Proposals
· Option 1: LG
· RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth including maximum bandwidth case
· Option 2: Nokia
· RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth of 10 MHz, 20 MHz and 50 MHz for PRS/SRS BW aggregation in FR1 and 50 MHz, 100 MHz, 200 MHz for PRS/SRS BW aggregation in FR2.
· Recommended WF
· Discuss the options.
Issue 4-2-2: Applicable number of PFLs for defining PRS measurement accuracy for PRS/SRS BW aggregation.
· Proposals
· Option 1: HW
· For PRS CA, RAN4 to define RSTD and UE Rx-Tx accuracy requirements for 2-PFL and 3-PFL, based same channel, Es/Iot side condition and sample number as requirements for single PFL.
· Option 2: E///
· Prioritize accuracy requirement for 2 PFL case over 3 PFL case while defining accuracy requirement for positioning measurements based on bandwidth aggregation.
· Recommended WF
· Discuss the options.
Issue 4-2-3: Applicable conditions for defining PRS measurement accuracy for PRS/SRS BW aggregation.
· Proposals
· Option 1: HW
· For PRS CA, RAN4 to define RSTD and UE Rx-Tx accuracy requirements for 2-PFL and 3-PFL, based same channel, Es/Iot side condition and sample number as requirements for single PFL.
· Recommended WF
· Discuss the option.
Issue 4-2-4: Simulations for deriving PRS measurement accuracy for PRS/SRS BW aggregation.
· Proposals
· Option 1: QC
· Simulate performance in AWGN only.
· Simulate only RSTD and UE Rx-Tx measurements with PRS BW aggregation.
· For PRS BW aggregation across 2 PFLs simulate the following configurations
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
per PFL
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	32

	
	30
	48
	1
	32

	
	
	132
	1
	16

	
	60, FR1
	64
	1
	16

	
	
	132
	1
	8

	
	60, FR2
	64
	1
	16

	
	
	132
	1
	8

	
	120
	64
	1
	8

	
	
	128
	1
	4

	PRS comb size
	4

	PRS symbol size
	4

	PRS periodicity
	40ms

	Sample number
	2 for Es/Iot of (-3, -6, -6)dB
4 for Es/Iot of (-6, -13, -13)dB

	TOA estimation 
	Realistic 

	Path #
	First path



· For PRS BW aggregation across 3 PFLs simulate the following configurations
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
per PFL
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	16

	
	30
	48
	1
	16

	
	
	132
	1
	8

	
	60, FR1
	64
	1
	8

	
	
	132
	1
	4

	
	60, FR2
	64
	1
	8

	
	
	132
	1
	4

	
	120
	64
	1
	4

	
	
	128
	1
	2

	PRS comb size
	4

	PRS symbol size
	4

	PRS periodicity
	40ms

	Sample number
	2 for Es/Iot of (-3, -6, -6)dB
4 for Es/Iot of (-6, -13, -13)dB

	TOA estimation 
	Realistic 

	Path #
	First path



· Channel spacing between PFLs not to exceed the nominal channel spacing for CA defined in 38.101-1, clause 5.4A.1 for FR1 and in 38.101-2, clause 5.4A.1 for FR2. FFS the exact channel spacing values for each PRS configuration.
· Option 2: HW
· Approve simulation assumptions below:
[bookmark: _Ref139264887]Table 1. General parameters.
	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	3 TRPs at distinct locations: <cell 1, cell 2, cell 3>, where TRP 1 is the reference TRP

	Network synchronization
	• Synchronous with time shifts <0, 0, 3 us>
• Asynchronous with time shifts: <0, 7 symbols, -7 symbols> 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TDD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Data and CCH load in PRS symbols
	no other cell transmissions in its positioning symbols, except PRS

	Data and CCH load in non-PRS symbols
	1. 50% utilization in time
1. 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 30 kHz, 60 kHz
· FDD, TDD
	· 40 GHz
· 60 kHz, 120 kHz
· TDD

	Propagation conditions 
	AWGN
TDL-A (30 ns delay spread, 5Hz)
	AWGN
TDL-C (60 ns delay spread, 300Hz)

	Es/Iot for three TRPs (cell 1, cell 2, cell 3), [dB]
	Same as Rel-17 side conditions for Nsample = 4 and Nsample = 1.

	Number of samples ( Nsample)
	4 and 1

	Number of UE receive antennas
	2

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)

	PRS muting
	No muting, muting (comb 2) 

	Power boosting
	No power boosting

	ExpectedRSTD-UncertaintyNOTE 1
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	Number of PFLs NOTE 2
	2 and 3

	Carrier BW
	Smallest channel BW as defined in 38.101 that is larger than the PFL BW

	Carrier spacing
	Nominal carrier spacing for intra-band contiguous CA as defined in 38.101

	NOTE 1: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).
NOTE 2: Each PFL belongs to a carrier, and the 2 or 3 carriers to which the PFLs belong to are intra-band contiguous. 


Table 2: PRS transmission configuration parameters for each PFL
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	64

	
	30
	132
	1
	32

	
	
	272
	1
	16

	
	60, FR1
	64
	1
	32

	
	
	132
	1
	16

	
	60, FR2
	64
	1
	32

	
	
	132
	1
	16

	
	120
	64
	1
	16

	
	
	128
	1
	8

	PRS comb size
	4

	PRS symbol size
	4

	Number of samples
	1, 4

	PRS periodicity
	40ms, 200ms

	TOA estimation 
	Realistic

	Path #
	First path


Performance metric
At least the following performance characteristics are to be provided for PRS RSTD:
· RSTD error CDFs for the 2 neighbour cells 
· 5%-ile and 95%-ile of the RSTD errors 
At least the following performance characteristics are to be provided for UE Rx-Tx:
· TUE-RX error CDFs for the 3 cells 
· 90%-ile of the TUE-RX errors for each cell
In the above, 
· RSTD error = estimated RSTD – ideal RSTD (based on perfect channel knowledge).
· UE Rx-Tx error = abs (estimated TUE-RX – ideal TUE-RX) (based on perfect channel and UE location knowledge)
· Option 3: LG
· RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth including maximum bandwidth case. (Support - Option 1)

· Recommended WF
· Discuss the options.
Sub-topic 4-3: RRM performance requirements for CPP measurement
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-3-1: Type of measurement accuracy for DL CPP measurement 
· Proposals
· Option 1: HW
· RAN4 to define accuracy requirements for DL RSCPD and relative accuracy for DL RSCP. RAN4 not to define absolute accuracy requirements for DL RSCP.
· Recommended WF
· Discuss the option.
Issue 4-3-2: Applicable number of RBs for defining DL CPP measurement accuracy requirement.
· Proposals
· Option 1: HW, E///
· Accuracy requirements for CPP measurements are defined using same RB numbers as used in existing RSTD and UE Rx-Tx accuracy requirements.
· Recommended WF
· Discuss the option.
Issue 4-3-3: Nsample for defining DL CPP measurement accuracy requirement.
· Proposals
· Option 1: E///
· RSCPD and RSCP accuracy requirements are only defined for Nsample = 1 under AWGN and Two-tap propagation conditions.
· Recommended WF
· Discuss the option.
Issue 4-3-4: UL CPP measurement accuracy requirement.
· Proposals
· Option 1: HW
· RAN4 not to define accuracy requirements for UL RSCP.
· Recommended WF
· Discuss the option.
Sub-topic 4-4: RRM performance for SL positioning measurements
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-4-1: SL PRS measurements for defining accuracy requirement.
· Proposals
· Option 1: HW
· RAN4 to define accuracy requirements for the following SL PRS measurements: SL RSTD, SL Rx-Tx, SL PRS-RSRP, SL PRS-RSRPP, SL AoA/ZoA. RAN4 not to define accuracy requirements for SL RTOA.
· Recommended WF
· Discuss the option.
Issue 4-4-2: Applicable number of RBs for defining SL PRS measurement accuracy requirement. 
· Proposals
· Option 1: HW
· Accuracy requirements for SL PRS measurements are defined for following RB numbers
· 15kHz SCS: 48, 96
· 30kHz SCS: 24, 48, 96
· 60kHz SCS: 24, 48
· Recommended WF
· Discuss the option.
Issue 4-4-3: Applicable parameters for defining SL PRS measurement accuracy requirement.
· Proposals
· Option 1: HW
· Accuracy requirements for SL PRS measurements are defined based on 
· Es/Iot side condition of (0, -3, -3)dB or (0, 0, 0)dB
· Same channel as their Uu counterparts, FFS for SL AoA/ZoA
· Nsample = 1
· Recommended WF
· Discuss the option.
Issue 4-4-4: SL PRS measurement test cases
· Proposals
· Option 1: CMCC
· For SL-PRS, it is proposed to define test cases for
· SL-PRS based AoA/ZOA 
· SL-PRS based RTOA
· SL-PRS based RSTD
· SL-PRS based UE Rx-Tx time difference
· SL-PRS based RSRP
· SL-PRS based RSRPP
· Recommended WF
· Discuss the option.
Sub-topic 4-5: RRM performance for LPHAP
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-5-1: Applicable PRS measurement accuracy
· Proposals
· Option 1: HW, E///
· Existing accuracy requirements are applicable for PRS measurement in INACTIVE with eDRX, and PRS measurement in IDLE.
· Recommended WF
· Discuss the option.
Issue 4-5-2: Test cases for non-RedCap and RedCap UEs
· Proposals
· Option 1: CMCC
· for LPHAP, it is proposed to define test cases for both normal (non-RedCap) and RedCap type of devices.
· Recommended WF
· Discuss the option.
Issue 4-5-3: eDRX cycle configurations in test cases 
· Proposals
· Option 1: CMCC
· For LPHAP, it is proposed to define test cases fo following cases:
· When RAN eDRX <= 10.24s
· CN eDRX <= 10.24 s
· CN eDRX >10.24 s
· When RAN eDRX > 10.24s
· Recommended WF
· Discuss the option.
Issue 4-5-4: Enhancements/aspects to verify in test cases 
· Proposals
· Option 1: CMCC
· for LPHAP, it is proposed to define test cases for eDRX with following enhancements:
· Reduced number of PRS samples
· parallelPRS-MeasRRC-Inactive-r17 capability
· Lower Rx beam sweeping in FR2
· Recommended WF
· Discuss the option.
