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1 Introduction
In RAN#98e meeting, the SI for R18 positioning evolution was completed and the following WI was set up in [1]. The objective of this work item is to specify solutions to introduce sidelink ranging/positioning, to introduce integrity for RAT-dependent positioning methods, to enable LPHAP use-case 6 defined in TS 22.104, to improve positioning accuracy, and to introduce support of positioning for RedCap UEs. 
In last meeting, RAN4 has discussed general RRM impact of the above aspects with conclusions captured in [2]. RAN1#112 meeting has also discussed the work item and the agreements were captured in [3]. In this paper, we further discuss the potential RRM requirements for PRS/SRS bandwidth aggregation based on RAN1 progress. 
2 Discussion
Based on the following objective on PRS/SRS bandwidth aggregation in the WID, R18 will define the support on aggregation of PRS/SRS resources across PFLs/carriers based on the following assumption: 
· Up to three intra-band contiguous carriers
· The signals are transmitted/received using a single RF chain (same antenna)
· Apply to only timing related measurements
· Specify the requirements for measurement with gap in connected mode
· Specify the requirements for the measurement in inactive mode
	· 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].


Based on the above assumption and objective, RAN4 need to define the measurement period/reporting requirements for RSTD, UE Rx-Tx measurement and define accuracy requirements for RSTD, UE Rx-Tx measurement and gNB Rx-Tx measurement. No period or accuracy requirement for RTOA is needed since it is not defined in R17. 
In RAN1#112 meeting, it was agreed that PRS measurements across multiple aggregated PFLs are supported in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state. But the PRS measurement requirements are not defined for RRC_IDLE mode, so we think the measurement requirements for single carrier should be defined first before defining the requirements for PRS bandwidth aggregation. 
Proposal 1: RAN4 to define measurement period/reporting requirements for RSTD and UE Rx-Tx measurement with PRS bandwidth aggregation in RRC_CONNECTED and RRC_INACTIVE state. 
Proposal 2: RAN4 to firstly define the measurement requirements for single carrier in RRC_IDLE state before defining the requirements for PRS bandwidth aggregation. 
Proposal 3: RAN4 to define accuracy requirements for RSTD, UE Rx-Tx measurement with bandwidth aggregation and for gNB Rx-Tx measurement with SRS bandwidth aggregation. 
Proposal 4: The RRM requirements for PRS/SRS bandwidth aggregation will be defined for up to 3 PFLs. 
In RAN1#112 meeting, the following agreement was reached for PRS bandwidth aggregation: 
	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 


Based on the agreement, the aggregated PRS resources are in the same slot, same symbol with same numerology and transmitted from the same TRP with the same ARP and from the same RF chain. In this case, we think the timing differences between PFLs/carriers are negligible and no need to define the timing requirements. There is the same agreement for SRS bandwidth aggregation, so similarly no Tx timing requirements are expected. 
To enable PRS bandwidth aggregation between PRS resources in two or three different PFLs, we understand UE will receive all the target resources across PFLs and perform one measurement on the aggregated resources with larger bandwidth to achieve better performance. Except that UE need to receive larger bandwidth, we understand the UE implementation on the PRS measurement is the same as before and no much complexity is needed. Maybe there will be new processing capability will be defined up to RAN1 discussion but the principle should be same. So the measurement period requirements in R17 can be reused for PRS bandwidth aggregation taking into account the PRS periodicities among different PFLs and the potential new UE processing capability. 
For the report mapping for PRS/SRS bandwidth aggregation, the mapping table may be different from that in R17 but need to wait for the evaluation on the measurement accuracy. 
Proposal 5: No timing requirements are expected for PRS/SRS bandwidth aggregation. 
Proposal 6: The measurement period requirements in R17 can be the baseline for PRS bandwidth aggregation taking into account the PRS periodicities among different PFLs and the potential new UE processing capability. 
Proposal 7: RAN4 to discuss whether to update the mapping table based on the evaluation on the measurement accuracy for PRS/SRS aggregation. 
The other issue identified in study phase is the relation between PRS/SRS bandwidth aggregation and CA/DC which is also discussed in RAN1 based on the following agreement. As indicated in the WID, the measurement period requirements in R18 will be defined for the measurement with gap in RRC_CONNECTED, so the measurement for PRS bandwidth aggregation will not impact the CA/DC communication since there is no transmission or reception in the measurement gap. The possible impact on CA/DC operation is the measurement capability on the number of layers that UE can monitor as defined in section 9.1.3 in TS 38.133. RAN4 may need to consider whether to take positioning frequency layers for bandwidth aggregation into account. But since the existing measurement capability didn’t take NR positioning into account, we think the PFLs for bandwidth should not be considered either. On the other hand, based on the discussion in SI stage and the following RAN1 agreement, we need to consider whether the bandwidth aggregation can only be done on the activated CC or deactivated CC, i.e. whether UE should support CA first to enable bandwidth aggregation. In our understanding, the bandwidth aggregation can be done on the activated CC, deactivated CC and non-serving cell CC as long as the aggregated resources can satisfy the required conditions (from same TRP, same RF chain etc.), i.e. the capability for the support of bandwidth aggregation should be defined separately and don’t impact the existing requirements for CA/DC operation. 
	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


Proposal 8: There is no impact on the CA/DC communication by the measurement with gap for PRS bandwidth aggregation. 
Proposal 9: RAN4 to define separate capability for the support of PRS/SRS bandwidth aggregation and the support of CA operation. 
Proposal 10: The bandwidth aggregation can be done on the activated CC, deactivated CC and non-serving cell CC as long as the aggregated resources can satisfy the required conditions (from same TRP, same RF chain etc.). 
3 Summary
In this paper, we discuss the RRM aspects on PRS/SRS bandwidth aggregation and the following proposals are given: 
Proposal 1: RAN4 to define measurement period/reporting requirements for RSTD and UE Rx-Tx measurement with PRS bandwidth aggregation in RRC_CONNECTED and RRC_INACTIVE state. 
Proposal 2: RAN4 to firstly define the measurement requirements for single carrier in RRC_IDLE state before defining the requirements for PRS bandwidth aggregation. 
Proposal 3: RAN4 to define accuracy requirements for RSTD, UE Rx-Tx measurement with bandwidth aggregation and for gNB Rx-Tx measurement with SRS bandwidth aggregation. 
Proposal 4: The RRM requirements for PRS/SRS bandwidth aggregation will be defined for up to 3 PFLs. 
Proposal 5: No timing requirements are expected for PRS/SRS bandwidth aggregation. 
Proposal 6: The measurement period requirements in R17 can be the baseline for PRS bandwidth aggregation taking into account the PRS periodicities among different PFLs and the potential new UE processing capability. 
Proposal 7: RAN4 to discuss whether to update the mapping table based on the evaluation on the measurement accuracy for PRS/SRS aggregation. 
Proposal 8: There is no impact on the CA/DC communication by the measurement with gap for PRS bandwidth aggregation. 
Proposal 9: RAN4 to define separate capability for the support of PRS/SRS bandwidth aggregation and the support of CA operation. 
Proposal 10: The bandwidth aggregation can be done on the activated CC, deactivated CC and non-serving cell CC as long as the aggregated resources can satisfy the required conditions (from same TRP, same RF chain etc.). 
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