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Introduction
The specification of positioning using bandwidth (BW) aggregation is one of the objectives in the Rel-18 WID on expanded and improved positioning [1]. 
The WID [1] for NR positioning includes the RAN4-related BW aggregation issues. 
	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· 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].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



In RAN4#106 [2], the scenarios for PRS/SRS BW aggregation are discussed as follows. 
	Agreements:
PRS requirements for PRS/SRS bandwidth aggregation will be defined for up to 3 PFLs.




For some enhancements, RRM core requirements are discussed in this contribution and few proposals on the further proceeding are made. 
Discussion
Impacts to RRM core requirements for some of the above enhancements are discussed in this section.
Scope
For PRS/SRS bandwidth aggregation, the measurement period requirements need to be specified. The WID specifies using MG-assisted measurements only in RRC_CONNECTED state. The measurement requirements such as measurement period for DL PRS measurements can be specified for RRC_INACTIVE state.
RAN4 to define the core requirements for BW aggregation in both RRC_INACTVE and RRC_CONNECTED states.
RRM Impacts
Maximum aggregated BW
The requirements for PRS/SRS bandwidth aggregation will be defined up to three intra-band contiguous carriers. The carriers can be shared between CA/DC for communication and positioning. 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.
When the CCs are partially deactivated, the deactivated CCs can be used for positioning measurements. Also, non-serving carriers can be used for positioning measurements to achieve an accuracy improvement. Therefore, the number of CCs used for MC positioning measurements can change depending how the CCs are configured for communication and positioning measurements. When a wider PRS/SRS BW is used with BW aggregation, the maximum targeted aggregated BW for PRS / SRS needs to be determined.
RAN4 can define the maximum targeted aggregated BW for PRS/SRS.
Measurement period
Another aspect is the impact to the PFL definition in the PRS bandwidth aggregation case. When UE has to monitor configured PFLs, the measurement period requirements and measurement gap sharing including CSSF will be impacted by the priority of the PRS measurement and by the PRS muting pattern. Furthermore, mobility procedures will have an impact on the measurement period requirements. For instance, impacts from handover, RRC reestablishment, SRS reconfiguration, timing advance and autonomous UL timing adjustments, etc. will need to be considered to determine the measurement period requirements for the BW aggregated case while reusing the measurement period requirements in the non-BW aggregation case. 
RAN4 has to define measurement period requirements for MG-assisted mode in RRC_CONNECTED and gapless mode in RRC_INACTIVE.

Measurement reporting 
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 or individual reporting. For instance, RSTD and UE Rx-Tx time difference measurement reports may be common for all CCs, while PRS-RSRP and PRS-RSRPP measurement reports could be either common for all CCs or individual for each CC 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.
RAN4 to investigate whether to specify PRS-RSRP and PRS-RSRPP measurement reports to be either common for all CCs or individual for each CC as configured by LMF.

Measurement accuracy 
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, 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 has to define measurement accuracy requirements for two and three contiguous carriers, respectively.

Conclusion
The scope of RRM impacts for Rel-18 Expanded and Improved NR positioning is investigated in this contribution.
The following proposals are made.	
1. RAN4 to define the core requirements for BW aggregation in both RRC_INACTVE and RRC_CONNECTED states.
RAN4 can define the maximum targeted aggregated BW for PRS/SRS.
RAN4 has to define measurement period requirements for MG-assisted mode in RRC_CONNECTED and gapless mode in RRC_INACTIVE.
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.
RAN4 to investigate whether to specify PRS-RSRP and PRS-RSRPP measurement reports to be either common for all CCs or individual for each CC as configured by LMF.
RAN4 has to define measurement accuracy requirements for two and three contiguous carriers, respectively.
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Annex 
RAN1#112’s agreements related to BW aggregation for NR positioning are captured below. 
	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.




