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Introduction
The specification of positioning using PRS/SRS bandwidth aggregation is one of the objectives in the Rel-18 WID on expanded and improved positioning [1]. 
This contribution summarizes RAN4 #106bis-e agreements and lists discussion on some of the open issues as contained in the WF [2] with regard to impacts to RRM core requirements for PRS/SRS bandwidth aggregation. It also deals with the incoming RAN1 LS [3]. RAN1 #112bis-e agreements are listed in Annex 2.
Discussion
RAN4 agreements and open issues
RAN4 agreements and the list of open issues from RAN4 #106bis-e are captured in WF [2], replicated below.
	Sub-topic 3-1: General aspects/scenarios for PRS/SRS BW aggregation
Issue 3-1-1: Applicable RRC states:
Agreements:
· Define the core requirements for PRS BW aggregation in both RRC_INACTIVE and RRC_CONNECTED states.
· Do not define requirements for RRC_IDLE state.
Issue 3-1-2: Applicable number of PFLs:
Agreements:
· PRS core requirements for PRS/SRS bandwidth aggregation are prioritized for up to ‘NDL’ number of DL and ‘NUL’ number of UL intra-band contiguous PFLs, where:
· NDL = 3 PFLs in DL and 
· NUL = 3 PFLs in UL
· The number of PFLs for which PRS accuracy requirements for PRS/SRS bandwidth aggregation shall be defined can be discussed during the performance part of the WI.
Issue 3-1-3: Applicable aggregated PRS/SRS BW:
Agreements:
· The impact (if any) of maximum targeted aggregated BW for PRS/SRS on PRS requirements is discussed after the RAN1 and RF session agreements on the maximum targeted aggregated BW for PRS/SRS.




	Issue 3-1-4: PRS/SRS bandwidth aggregation with and without CA for communication:
Agreements:
· Scenarios (if any) in which the CA for communication can impact the ongoing PRS measurements, which are performed in measurements gaps:
· The PRS aggregation (DL part) across the PFLs within gaps RRC connected neither impacts the CA for communication and nor it is impacted by the CA for communication. 
· Any impact of the CA for communication on the SRS aggregation (UL part) is up to RAN1 discussion.
Issue 3-1-5: Impact of activation status of CC on PRS/SRS bandwidth aggregation:
Agreements:
· This issue is merge with issue 3-1-4 to first broadly identify the impact of CA on PRS/SRS aggregation.

Sub-topic 3-2: PRS measurement requirements for PRS/SRS bandwidth aggregation
Issue 3-2-1: When to start RAN4 work on PRS/SRS bandwidth aggregation?
Agreements:
· Wait for RAN1 progress on PRS/SRS bandwidth aggregation before starting RAN4 work.
Issue 3-2-2: Conditions for requirements for PRS/SRS bandwidth aggregation:
Agreements:
· Wait for RAN1 progress on necessary conditions under which the PRS/SRS bandwidth aggregation applies before discussing RAN4 specific conditions.
Issue 3-2-3: PRS measurement period for PRS/SRS bandwidth aggregation:
Agreements:
· PRS measurement period for PRS/SRS bandwidth aggregation:
· Option 1:
· Existing PRS measurement period requirements in Rel-17 can be used as baseline for defining corresponding PRS measurement period requirements for PRS/SRS bandwidth aggregation.
· Details related to e.g. PFLs, PRS periodicity etc., are FFS
· Other options are not precluded.
Issue 3-2-4: Impact of PRS/SRS bandwidth aggregation on CA for communication:
Agreements:
· PRS measurement with PRS/SRS bandwidth aggregation performed in gaps does not impact the ongoing CA/DC for communication except that no data scheduling is possible during the gaps.
Issue 3-2-5: Priority between PRS measurement and CA for communication in RRC inactive:
Agreements:
· Wait for RAN1 agreement on priority between the PRS measurements and data communication in RRC_INACTIVE state.
Issue 3-2-6: Guard period between data and positioning period in UL:
Agreements:
· Guard period (if any) between data and SRS aggregation (in UL) is up to RAN1 design
Issue 3-2-7: UE capability related to PRS/SRS bandwidth:
Agreements:
· UE capability related to PRS/SRS aggregation is for RAN1 to decide and is not within RAN4 scope.
Sub-topic 3-3: PRS measurement report mapping for PRS/SRS bandwidth aggregation
Issue 3-3-1: Whether report mappings with PRS/SRS bandwidth aggregation need to be updated?
Agreements:
· Identify whether to reuse the existing report mapping or update the report mapping for RSTD and UE Rx-Tx with PRS/SRS bandwidth aggregation based on:
· Maximum supported aggregated SRS/PRS bandwidth and
· RSTD and UE Rx-Tx measurement accuracies/performance evaluation.
Sub-topic 3-4: gNB requirements for SRS bandwidth aggregation
Issue 3-4-1: Whether to define gNB requirements for SRS aggregation:
Agreements:
· No core requirements are defined for SRS aggregation for gNB measurements.
· Whether to define gNB Rx-Tx measurement accuracy with SRS bandwidth aggregation is to be decided during the performance part of the WI.
Issue 3-4-1B: Whether to define PRS measurement accuracy requirements for PRS/SRS aggregation:
Agreements:
· PRS measurement accuracy requirements for PRS/SRS BW aggregation will be discussed and defined during the performance part.



Incoming RAN1 LS
RAN1 #112bis-e sent LS on measurement definitions for positioning with bandwidth aggregation [3] to RAN4 asking RAN4’s view on the reuse of measurement definitions for legacy measurement types for PRS/SRS bandwidth aggregation. This is replicated below.
	1. Overall Description:
During RAN1#112bis-e meeting, RAN1 made the following conclusion for the definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation.  
Conclusion 
The legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference is reused with the assumption that the subframe timings of the intra-band contiguous carriers are the same. 
· Note: multiple PRS/SRS resources which can be used to determine the start of subframe can be from multiple intra-band continuous carriers, 
· Note: no RAN1 spec impact
· Send an LS to RAN4 to confirm RAN1’s understanding 
2. Actions:
To RAN4
ACTION: RAN1 respectfully asks RAN4 to confirm RAN1’s understanding.



The feasibility study in TR 38.859 [4] has investigated RF aspects for PRS/SRS BW aggregation. It contains the following highlighted statement:
	RF aspects of PRS/SRS bandwidth aggregation for intra-band contiguous carriers is studied by RAN4. Based on the study, PRS/SRS bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both the UE and gNB.
The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna.


Extract from TR 38.859 [4]
Also, the WID [1] states the following:
	· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].


Extract from WID [1]
Thus, based on the prerequisite of a single chain Tx/Rx architecture, subframe timing of intra-band contiguous PFLs for PRS/SRS bandwidth aggregation needs to be the same. Since the measurement is performed with a single chain Rx architecture across these intra-band contiguous PFLs, we cannot reuse the measurement definition of the legacy measurements and hence we see a clarification required in TS 38.215 for this case.
Following proposal is made.
RAN4 to propose to RAN1 to extend the measurement definitions in TS 38.215 with the following text:
For DL RSTD measurement definition in subclause 5.1.29:  
	If PRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, with the assumption that the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple PRS resources from the same TRP which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



For UE Rx-Tx time difference measurement definition in subclause 5.1.30:  
	If PRS bandwidth aggregation and/or SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs with the assumption that the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple PRS resources from the same TRP and/or multiple SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



For RTOA measurement definition in subclause 5.2.2:  
	If SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, with the assumption that the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



For gNB Rx-Tx time difference measurement definition in subclause 5.2.3:  
	If PRS bandwidth aggregation and/or SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, where the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple PRS resources from the measuring TRP and/or SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



The draft Reply LS to RAN1 with Proposal 1 is contained in Annex 1.
General aspects/scenarios for PRS/SRS BW aggregation
Maximum aggregated BW
The requirements for PRS/SRS bandwidth aggregation will be defined up to three intra-band contiguous carriers. The PRS/SRS bandwidth can exploit the contiguous carriers with equal or unequal bandwidths and hence the PRS/SRS is coherently transmitted in entire carrier bandwidth since a single RF chain is assumed.
The maximum supported aggregated BW for PRS/SRS needs to be determined for such scenarios. RAN1 is investigating the maximum total aggregated BW for PRS/SRS for the different bandwidth scenarios, as stated in their RAN1 #112bis-e agreement:
	Agreement
Introduce new UE capability(-ies) to support PRS bandwidth aggregation measurement
· FFS the details include the processing capability (N, T), the maximum number of PRS resources that can be process in a slots over the aggregation
· FFS the details on the PFL bandwidth combinations, including maximum number of PFLs, the total aggregated bandwidth, etc.
· This is applicable for DL-TDOA and Multi-RTT positioning methods



Thus, RAN4 should wait on further RAN1 agreements related to maximum total aggregated bandwidth for PRS/SRS and on equal/unequal bandwidths of aggregated PFLs.
RAN4 to wait on further RAN1 agreements related to maximum total aggregated bandwidth for PRS/SRS and on equal/unequal bandwidths of aggregated PFLs.
Measurement requirements for PRS/SRS bandwidth aggregation
Gapless positioning measurements in RRC_CONNECTED state
RAN1 has agreed to prioritize MG assisted measurements for PRS/SRS bandwidth aggregation. The support of PPW for gapless measurement will be decided in the May meeting as stated in their RAN1 #112bis-e agreement:
	Agreement
From RAN1 perspective, MG-based bandwidth aggregation measurement is supported. Decide whether PPW is supported for PRS bandwidth aggregation measurement in RAN1#113 meeting.
· FFS the details for PPW if supported



Thus, RAN4 should focus on MG assisted PRS measurements and wait on RAN1 agreements related to the support of PPW for gapless measurements in RRC_CONNECTED state. 
RAN4 to focus on MG assisted PRS measurements and wait on RAN1 agreements related to the support of PPW for gapless measurements in RRC_CONNECTED state. 
Collision of PRS measurement with SSB or other signals
RAN1 has discussed the scenario of dropping PRS in one aggregated PFL due to collisions of PRS measurement with SSB or other DL signals and channels in RRC_CONNECTED state for MG assisted measurements in case of PRS bandwidth aggregation. RAN1 identified that RAN4 should elaborate requirements for this case, i.e. whether to consider dropping of PRS in all aggregated PFLs or performing BW aggregation over the PRS in the remaining non-colliding PFLs. This is captured in their RAN1 #112bis-e agreement:
	Agreement
For the case when PRS in one of aggregated PFL is dropped, e.g. because of collision with SSB, select one of the following solutions for LMF based positioning
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· FFS the details and the difference between MG and PPW if PPW is supported
· Note: Up to RAN4 to discuss impact on requirements, if any, for such cases



Thus, RAN4 should investigate this case for different scenarios, i.e. 2 or 3 aggregated PFLs and equal / unequal bandwidths of PFLs. In some cases, this may require dropping the positioning measurement in all symbols and in some cases measurement in the remaining PFLs may be acceptable. To this purpose, RAN4 needs to wait for further RAN1 agreements related to supported total aggregated BW and equal/unequal bandwidths of aggregated PFLs. 
RAN4 to investigate the case of PRS collision with SSB or other DL channels for one aggregated PFL and wait for further RAN1 agreements related to supported total aggregated BW and equal/unequal bandwidths of aggregated PFLs. 
SRS for positioning configuration in RRC_INACTIVE state
RAN1 has discussed and agreed SRS for positioning configuration in RRC_INACTIVE as stated in their RAN1 #112bis-e agreement:
	Agreement
Positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED.
Positioning SRS bandwidth aggregation is supported for UEs in RRC_INACTIVE state.
· For the details, Rel-17 positioning SRS configuration for UE in RRC_INACTIVE state outside initial UL BWP can be the starting point



Thus, RAN4 should base RRM requirements for RRC_INACTIVE on the scenario that aggregated carriers with SRS for positioning are located outside the initial UL BWP. 
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.
Measurement reporting requirements for PRS/SRS bandwidth aggregation
For PRS/SRS bandwidth aggregation, measurement reporting requirements including reporting delay need to be specified based on the reporting range and reporting granularity. It needs to be investigated whether there will be common reporting for all involved CCs/PFLs or individual reporting. For instance, RSTD and UE Rx-Tx time difference measurement reports may be common for all CCs/PFLs, while PRS-RSRP and PRS-RSRPP measurement reports could be either common for all CCs/PFLs or individual for each CC/PFL as configured by LMF, depending on RAN1’s design. Moreover, reporting requirements may be defined when different positioning procedures for PRS-RSRP, PRS-RSRPP, AoA, and AoD are concurrently operated. In that case, the impact on measurement reporting delay requirements will also need to be addressed.  
RAN4 to define measurement reporting requirements including measurement delay with measurement gaps in connected mode and in inactive mode. 
RAN4 to specify RSTD and UE Rx-Tx time difference measurement reports to be common for all CCs/PFLs.
RAN4 to investigate whether to specify PRS-RSRP and PRS-RSRPP measurement reports to be either common for all CCs/PFLs or individual for each CC/PFL as configured by LMF.
Measurement accuracy requirements for PRS/SRS bandwidth aggregation
PRS/SRS bandwidth aggregation will enable to achieve a higher measurement accuracy than achievable in Rel-16/Rel-17. The potential of performance improvement taking into account RF and BB impairments needs to be identified. Measurement accuracy requirements need to be defined for two and three contiguous carriers/PFLs, respectively. Also, the measurement accuracy requirements can consider the cases where the aggregated BWs of the carriers are the same and different, respectively. Moreover, the accuracy can be affected by RF impairments such as group delay calibration error or phase noise. To take into account these impairments, performance margins need to be defined.  
RAN4 to define measurement accuracy requirements for PRS/SRS aggregation for two and three contiguous carriers/PFLs, respectively.
Conclusion
The scope of RRM impacts for PRS/SRS Bandwidth Aggregation being one of the objectives in the Rel-18 WID on expanded and improved positioning [1], is investigated in this contribution.
The following proposals are made.	
1. [bookmark: _Hlk134888123]RAN4 to propose to RAN1 to extend the measurement definitions in TS 38.215 with the following text:
For DL RSTD measurement definition in subclause 5.1.29:  
	If PRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs , with the assumption that the subframe timings of the intra-band contiguous PFLs  are the same. 
· Note: multiple PRS resources from the same TRP which can be used to determine the start of subframe can be from multiple intra-band contiguous carriers.



For UE Rx-Tx time difference measurement definition in subclause 5.1.30:  
	If PRS bandwidth aggregation and/or SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs , with the assumption that the subframe timings of the intra-band contiguous PFLs  are the same. 
· Note: multiple PRS resources from the same TRP and/or multiple SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous carriers.



For RTOA measurement definition in subclause 5.2.2:  
	If SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs , with the assumption that the subframe timings of the intra-band contiguous PFLs  are the same. 
· Note: multiple SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous carriers.



For gNB Rx-Tx time difference measurement definition in subclause 5.2.3:  
	If PRS bandwidth aggregation and/or SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, where the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple PRS resources from the measuring TRP and/or SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous carriers.



RAN4 to wait on further RAN1 agreements related to maximum total aggregated bandwidth for PRS/SRS and on equal/unequal bandwidths of aggregated PFLs.
RAN4 to focus on MG assisted PRS measurements and wait on RAN1 agreements related to the support of PPW for gapless measurements in RRC_CONNECTED state.
RAN4 to investigate the case of PRS collision with SSB or other DL channels for one aggregated PFL and wait for further RAN1 agreements related to supported total aggregated BW and equal/unequal bandwidths of aggregated PFLs. 
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.
RAN4 to define measurement reporting requirements including measurement delay with measurement gaps for RRC_CONNECTED and for RRC_INACTIVE states.
RAN4 to specify RSTD and UE Rx-Tx time difference measurement reports to be common for all CCs/PFLs.
RAN4 to investigate whether to specify PRS-RSRP and PRS-RSRPP measurement reports to be either common for all CCs/PFLs or individual for each CC/PFL as configured by LMF.
RAN4 to define measurement accuracy requirements for PRS/SRS aggregation for two and three contiguous carriers/PFLs, respectively.
The draft Reply LS to RAN1 with Proposal 1 is contained in Annex 1.
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Annex 1: Proposed Draft Reply LS to RAN1
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Title:	[Draft] Reply LS on measurement definitions for positioning with bandwidth aggregation
Response to:	R4-2307005 / R1-2304082
Release:	Release 18
Work Item:	     NR_pos_enh2

Source:	RAN4
To:	RAN1
Cc:	-

Contact Person:	
Name:	Juergen Hofmann
E-mail Address:	juergen.hofmann@nokia.com 

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None.


1. Overall Description:
RAN4 thanks RAN1 for their LS on measurement definitions for positioning with bandwidth aggregation in R4-2307005 / R1-2304082. 
RAN1 asked RAN4 to confirm RAN1’s understanding on the reuse of measurement definitions for positioning measurements for the feature of PRS and SRS bandwidth aggregation. 
RAN4 has the understanding that measurement definitions in TS 38.215 for DL RSTD, UE Rx-Tx time difference, RTOA and gNB Rx-Tx time difference can be reused. However, RAN4 considers the assumption that subframe timings are the same for all configured intra-band contiguous carriers, as informed by RAN1 in the LS, as a key condition in order to perform the measurements with a single chain Rx architecture across these intra-band contiguous carriers, aligned to the WID. Thus, RAN4 proposes to add the following texts to the measurement definitions in TS 38.215: 
For DL RSTD measurement definition in subclause 5.1.29:  
	If PRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, with the assumption that the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple PRS resources from the same TRP which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



For UE Rx-Tx time difference measurement definition in subclause 5.1.30:  
	If PRS bandwidth aggregation and/or SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, with the assumption that the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple PRS resources from the same TRP and/or multiple SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



For RTOA measurement definition in subclause 5.2.2:  
	If SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, with the assumption that the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



For gNB Rx-Tx time difference measurement definition in subclause 5.2.3:  
	If PRS bandwidth aggregation and/or SRS bandwidth aggregation is configured, the measurement is performed over configured number of intra-band contiguous PFLs, where the subframe timings of the intra-band contiguous PFLs are the same. 
· Note: multiple PRS resources from the measuring TRP and/or SRS resources from the target UE which can be used to determine the start of subframe can be from multiple intra-band contiguous PFLs.



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

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

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #108	21st - 25th August 2023 	Toulouse, FR
TSG-RAN WG4 Meeting #108bis              9th - 13th October 2023		Xiamen, CN 



Annex 2: RAN1 Agreements on PRS/SRS BW Aggregation
RAN1 #112
	Agreement
To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following conditions should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs:  
· In the same slot, in same symbols, by the same TRP associated with the same ARP, from the same RF chain (i.e. the same antenna), this implies 
· FFS: The same gNB Tx TEG and the same UE Rx TEG, the maximum TX timing error margin
· The same QCL
· The same number of symbols, symbol location within one slot, repetition factor, 
· FFS: the same periodicity and slot offset
· FFS muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of PRS resource sets and resources for a TRP 
· The same power per subcarrier
· FFS: the same NR-DL-PRS-SFN0-Offset 
· Aggregated PFLs are configured on the same aligned numerology grid
· FFS: How to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones (e.g, PFLs with different RE-offset configurations, PFLs with different point A)
· Phase continuity between aggregated PFLs 

Agreement
To enable SRS bandwidth aggregation between SRS in two or three carriers, the following conditions should be satisfied for the aggregated SRS resources across the aggregated carriers
· In the same slot, in same symbols, from the same antenna, this implies
· FFS: The same gNB Rx TEG and the same UE Tx TEG
· The same spatial relation
· The same startPosition, nrofSymbols
· FFS: periodicityAndOffset, and slotOffset
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of SRS resource sets and resources 
· The same Tx PSD (power per subcarrier)
· FFS whether to need the same pathloss RS, Po and alpha
· Note: the Tx PSD is not captured in RAN1 specifications
· FFS: SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· Phase continuity between aggregated SRS in different carriers

Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
· FFS whether the link is for all TRPs or per TRP basis
· FFS whether the link is per PRS resource set basis or per PRS resource basis.

Agreement
Support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods
· In a measurement report element, single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs
· FFS: RSRP, RSRPP
· FFS: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement
· FFS whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs
· FFS RSTD reference configuration or report should be enhanced

Agreement
For SRS bandwidth aggregation across two or three carriers, support enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked 
· SRS resources are per BWP per carrier configuration
· FFS whether the link is per SRS resource set basis or per SRS resource basis.

Agreement
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation
· FFS details
· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations
· FFS details

Agreement
From RAN1 perspective, support UE performs PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state.

Agreement
Support joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods
· Single UL RTOA or gNB Rx-Tx time difference is reported for the SRS resources across aggregated carriers
· FFS: RSRP or RSRPP
· FFS: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement
· Support LMF to request gNB for the UL positioning measurement from aggregated SRS resources across multiple CCs

Agreement
At least support periodic positioning SRS and semi-persistent positioning SRS for bandwidth aggregation
· Support single MAC CE activating positioning SRS resource sets across the linked carriers
· FFS whether support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state. Study a single DCI scheduling positioning SRS across the linked carriers, and check whether the conclusion/agreements in agenda of multi-cell PUSCH/PDSCH scheduling with a single DCI can be reused
· FFS MIMO SRS can be supported for bandwidth aggregation, e.g. with UE transparent way

Agreement
Study potential power control enhancement of simultaneous transmission of SRS for SRS bandwidth aggregation especially in the case when the total uplink transmission power across multiple carriers exceeds P_c,max.

Agreement
Study the relationship between UL communication CA and SRS bandwidth aggregation, including
· Whether to support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities.
· Whether to support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA, i.e. SRS outside BWP and across carriers.



RAN1 #112bis-e
	Agreement
Study whether single TRP Tx TEG ID or UE Rx TEG ID is applied across PRSs in aggregated PFLs for TEG information reporting, i.e. single TEG ID is reported across the aggregated PRS resources for TRP Tx TEG association reporting, or for UE Rx TEG ID reporting in the measurement reporting

Agreement
Study whether single UE Tx TEG ID or TRP  Rx TEG ID is applied across SRSs in aggregated carriers for TEG information reporting, i.e. single UE Tx TEG ID is reported across the aggregated SRS resources for UE Tx TEG association reporting, or for TRP Rx TEG ID reporting in measurement reporting

Agreement
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#113
· Option 2: Per TRP basis and per PRS resource set basis.
· For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.
· It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.
· Option 3: Per TRP basis and per PRS resource basis. 
· For each TRP, support new signaling to indicate which PRS resource(s) across PFLs are linked.
· For the non-linked PRS resources, no aggregation is assumed even if the conditions are satisfied.

Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details

Agreement
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not

Conclusion
The details for on-demand PRS on PRS bandwidth aggregation are up to RAN2 and RAN3.
 
Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the aggregated SRS resources are of the same SRS resource-Type.
 
Agreement
At least from UE capability perspective, the UE support of positioning SRS bandwidth aggregation in RRC_CONNECTED state is decoupled from the UE support of communication CA.

Agreement
Support the same power prioritization between the aggregated carriers in the case when total UE transmit power in a transmission occasion i exceeds  P_cmax(i)
· The UE allocates power to the multiple SRS resources in the transmission occasion i of the aggregated carriers such that the UE’s transmit power in each transmitted resource element is equal.
· FFS further details, e.g. power scaling between aggregated carriers

Agreement
Introduce new UE capability(-ies) to support PRS bandwidth aggregation measurement
· FFS the details include the processing capability (N, T), the maximum number of PRS resources that can be process in a slots over the aggregation
· FFS the details on the PFL bandwidth combinations, including maximum number of PFLs, the total aggregated bandwidth, etc.
· This is applicable for DL-TDOA and Multi-RTT positioning methods

Agreement
From RAN1 perspective, MG-based bandwidth aggregation measurement is supported. Decide whether PPW is supported for PRS bandwidth aggregation measurement in RAN1#113 meeting.
· FFS the details for PPW if supported

Agreement
For the case when PRS in one of aggregated PFL is dropped, e.g. because of collision with SSB, select one of the following solutions for LMF based positioning
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· FFS the details and the difference between MG and PPW if PPW is supported
· Note: Up to RAN4 to discuss impact on requirements, if any, for such cases

Agreement
Positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED.
Positioning SRS bandwidth aggregation is supported for UEs in RRC_INACTIVE state.
· For the details, Rel-17 positioning SRS configuration for UE in RRC_INACTIVE state outside initial UL BWP can be the starting point

Agreement
For SRS bandwidth aggregation across two or three carriers, select one of the following options in RAN1#113 meeting
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied.  
· Option 3: Per SRS resource basis. 
· Support new signaling to indicate which SRS resources across carriers are linked. 
· For the non-linked SRS resources, no aggregation is assumed even if the conditions are satisfied

Agreement
For the SRS resources across aggregated carriers for UL-TDOA and Multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 SRS measurement of single carrier with the necessary update
· FFS: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers
· SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which measurement is aggregated
 
Agreement
For positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, select one of the following two options:
· Alt. 1: Stop SRS transmission in all aggregated carriers in the same symbol
· Alt. 2: SRS is still transmitted in other carriers in the same symbol
· FFS: The UE may not be expected to maintain phase continuity across the remaining carriers
· FFS the applicable scenario, e.g. the positioning SRS collides with another higher priority SRS or others

Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, decide whether one or more of the following are needed for the aggregated SRS resources in RAN1#113 meeting
· The same timing advance offset or the same TAG
· The same periodicityAndOffset, and slotOffset
· The same number of SRS resource sets and/or the same number of SRS resources per set
· The configuration of same pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)
· FFS the details, e.g. UE determines the transmit power for SRS transmission in a reference carrier and applies the same Tx PSD for SRS transmission in other carriers, or configure a common parameter set for the aggregated carriers
· The same antenna port from RAN1 specification perspective
· Note: this is to achieve phase continuity between carriers
· UE is expected to be configured with SRS resources that maintain a per-symbol uniformly spaced SRS pattern across aggregated bandwidths 
· Others if any

Agreement
For PRS bandwidth aggregation between PRS in two or three different PFLs, decide whether one or more of the following are needed for the aggregated PRS resources from a TRP in RAN1#113 meeting:
· The same antenna port from RAN1 perspective
· Note: this is to achieve phase continuity between PFLs
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resource sets and/or resources per set for a TRP 
· The same NR-DL-PRS-SFN0-Offset value
· UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths 
· FFS: a per-symbol uniformly spaced PRS pattern across aggregated bandwidths does not preclude dropping some REs in the guardband between two PFLs
· Others if any
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