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Introduction
In RAN#98-e, the WID “New WID on Expanded and Improved NR Positioning” [1, RP-223532] was approved. 
One of objectives for the core part in RAN4 is to specify requirements bandwidth aggregation for positioning measurements: 
	· 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, including PRS measurement period/reporting [RAN4].



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]And in last RAN4 meeting the high-level general aspects of this WI was agreed in [2].  In this contribution we will provide more specific considerations on RRM requirements for Rel18 positioning with bandwidth aggregation based on latest RAN1’s agreements [3].
PRS bandwidth aggregation
This objective intends to specify the 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). 
Applicability for PRS bandwidth aggregation requirements
To enable PRS bandwidth aggregation between PRS in two or three different PFLs, some conditions on should be satisfied for the aggregated PRS resources from a TRP across the aggregated bandwidth/PFLs. For an example, RAN4 agreed the different PFLs aggregated have the same numerology, the same slot/symbols [4]. 
In the last RAN1 meeting, more PRS transmission parameters were discussed (E.g. also propose the same comb size, the same number of PRS resource sets, the same number of PRS resources, the same gNB Tx TEG, the same UE Rx TEG, the same QCL type, the power consistency, and the same value of NR-DL-PRS-SFN0-Offset across the aggregated PFLs).
	R1#112 Agreement[3]
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


 
Observation 1: Beside RAN4’s conclusion, the additional conditions on PRS bandwidth aggregation from RAN1 can impact the RRM requirements (e.g. the same periodicity).
Hence, we suggest that: 
Proposal 1: RAN4 can define core requirements for positioning measurement with PFL bandwidth aggregation after RAN1 concluded the following conditions at least:
· 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)
· The same number of symbols, symbol location within one slot, repetition factor,
· the same periodicity and slot offset
· the same muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· The same number of PRS resource sets and resources for a TRP 
· The same power per subcarrier

Measurement report
In the last RAN1 meeting, the following agreements were achieved in [3]:
	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



As the measurement reporting with the aggregated PRS bandwidth (PFLs) is same as the induvial bandwidth, the existing requirements on these measurements can be taken as start point.
Proposal 2: The existing measurement reporting delay requirements of RSTD, UE Rx-TX time difference in Rel17 [5] can be reused for these positioning measurements with aggregated bandwidth. Some clarification on the PFL needed (e.g. the conditions shall be satisfied as agreed in common properties)

RRC states
In the last RAN1 meeting, it was agreed that [3]:
	Agreement
From RAN1 perspective, support UE performs PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state.




However, in the agreed WID [1], the scope is limited to RRC connected state for RAN4 RRM requirement. Therefore, we propose that:
	WID:
· Specify RRM requirements with measurement gaps in connected mode, including PRS measurement period/reporting [RAN4].



Proposal 3: RAN4 shall ONLY define requirements for RRC_CONNECT.
Measurement within gap
In the last RAN1 meeting, whether PPW should be specified for the feature of PRS bandwidth aggregation was under discussion. However, in the agreed WID, PRS measurement is restricted within measurement gap in RRC connected sate only for RAN4 RRM part. Regarding to current RAN4 works loading, we can propose to follow the agreed WID scope. 
Proposal 4: RAN4 shall ONLY define requirements for PRS measurement is restricted within measurement gap in RRC connected.
UE capability


Figure 1. Illustration on PRS when bandwidth aggregation
As illustrated in Figure 1, for UE supports the intra-band CA( e.g. BC#1, f0+f1), when PRS transmitted in the aggregated intra-band contiguous carriers if SCells are activated, UE can measurement PRS on both f0 and f1 together without gap. But on the other hand, when there is no activated SCell in band#1, PRS measurement needs to be performed within gap indeed. 
Observation 2: If PRS is transmitted in the bandwidth which is supported by UE CA capability, SCell (de)activation can also impact PRS measurement (e.g. within or outside measurement gap).
However, the new capability to support PRS bandwidth aggregation is under RAN1&2’s discussion. Based on the observations above, we can conclude that: 
Proposal 5: The applicability of positioning measurement requirements with PRS bandwidth aggregation can be started when RAN1 design are stable enough.
SRS bandwidth aggregation
This objective intends to specify the 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). 
SRS transmission has little impacts on UE positioning measurements but the UE Rx-Tx time difference measurement core requirement. For the gNB requirements, only the performance requirements are defined in RAN4. Therefore, we can propose that:
Proposal 6: RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.
Conclusion
This contribution provided further RRM impacts on the following aspects of Rel18 WI of “Expanded and Improved NR Positioning” given the current physical layer design.
PRS bandwidth aggregation
Observation 1: Beside RAN4’s conclusion, the additional conditions on PRS bandwidth aggregation from RAN1 can impact the RRM requirements (e.g. the same periodicity).
Proposal 1: RAN4 can define core requirements for positioning measurement with PFL bandwidth aggregation after RAN1 concluded the following conditions at least:
· 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)
· The same number of symbols, symbol location within one slot, repetition factor,
· the same periodicity and slot offset
· the same muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· The same number of PRS resource sets and resources for a TRP 
· The same power per subcarrier

Proposal 2: The existing measurement reporting delay requirements of RSTD, UE Rx-TX time difference in Rel17 [5] can be reused for these positioning measurements with aggregated bandwidth. Some clarification on the PFL needed (e.g. the conditions shall be satisfied as agreed in common properties).
Proposal 3: RAN4 shall ONLY define requirements for RRC_CONNECT.
Proposal 4: RAN4 shall ONLY define requirements for PRS measurement is restricted within measurement gap in RRC connected.
Observation 2: If PRS is transmitted in the bandwidth which is supported by UE CA capability, SCell (de)activation can also impact PRS measurement (e.g. within or outside measurement gap).
Proposal 5: The applicability of positioning measurement requirements with PRS bandwidth aggregation can be started when RAN1 design are stable enough.
SRS bandwidth aggregation
Proposal 6: RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.
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