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Introduction
In RAN#98-e, the WID “New WID on Expanded and Improved NR Positioning” [1] 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 further agreements on this objective were captured 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). 
Conditions for measurement with PRS bandwidth aggregation
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 previous 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

R1#113 Agreement[3]
For PRS bandwidth aggregation between PRS in two or three different PFLs, the following are needed for the aggregated PRS resources for a TRP:
· The same periodicity and slot offset
· The same muting pattern
· The same NR-DL-PRS-SFN0-Offset value
· UE expects to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths in frequency domain (Note: It does not preclude dropping some REs in the guardband between two PFLs).
· FFS same antenna port from RAN1 perspective
R1#114 Agreement[3]
For PRS/SRS bandwidth aggregation between two or three different PFLs/carriers, send a reply LS to request RAN4 to capture the condition of ‘the same RF chain (same antenna)’ in RAN4 specification.



Observation 1: Beside RAN4’s conclusion, some conditions on PRS bandwidth aggregation from RAN1 can impact the RRM requirements (e.g. the same periodicity, same antenna port).
In our understanding, if there is only single measurement result of RSRP/RSTD reported for all aggregated PFLs, in order to avoid too complicated UE implementation, the physical aspects of these PRSs aggregated shall be unified. Hence, we suggest that: 
Proposal 1: RAN4 shall define core requirements for positioning measurement with PFL bandwidth aggregation with the conditions below 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
· The same antenna port

Measurement report requirements
In the previous RAN1 meeting, the following agreements were achieved in [3]:
	R1#112 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
R1#113 Agreements
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results




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)

Collision handling for PRS bandwidth aggregation
In the last RAN1 meeting, the following agreements were achieved in [3]:
	R1#114 Agreement
For the case when PRS in one of aggregated PFL is dropped because of collision with other signals, for LMF based positioning, it is up to UE implementation to perform positioning measurement based on one or more of the PRS resources in the aggregated PFLs.
· Note: it is up to RAN4 whether or not to define performance requirements for this case of collision with other signals



In principle there are several alternatives for UE implementation when PRS in one of aggregated PFL was dropped with other signals. 
· Option. 1: Drop the positioning measurements in these aggregated PFLs over the whole PRS occasion
· Option. 2a: Drop the positioning measurements in these aggregated PFLs within the collided PRS symbols only
· Option. 2b: Drop the positioning measurements in the collided PFL within the whole PRS occasion, the PRS measurement result can rely on the other PFLs
· Option. 2c: Drop the positioning measurements in the collided PFL within the collided PRS symbols only
	

Option 2a
	

Option 2b

	

Option 2c
	

Option 1.



From RAN4 RRM perspective, with the different UE implementation perspective, the requirements can be completely different. In our views, in comparison with other options, Option 1 is most desired from RAN4 requirements perspective since it is actually a worst implementation without any UE complexity increasing. 
But on the other hand, UEs which are capable the other implementation can provide more flexibility and PRS resource utilization efficiency. And with the partial PRS resource left, the measurement can be performed even with a little bit accuracy performance reduction.
Observation 2: 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. 
Proposal 3: The optimized UE implementation when the PRS collided with other signals in the aggregated PFL can be considered when RAN4 define the corresponding requirements. E.g.
· Option A) Drop the positioning measurements in these aggregated PFLs within the collided PRS symbols only
· Option B) Drop the positioning measurements in the collided PFL within the whole PRS occasion, the PRS measurement result can rely on the measurements of other PFLs
· Option C) Drop the positioning measurements in the collided PFL within the collided PRS symbols only

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 4: RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.

And in the last RAN1 meeting, the following agreement was achieved.
	R1#114 Agreement
In RRC_CONNECTED state, for positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, stop SRS transmission in all aggregated carriers in the same symbol




Observation 3: 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. 
Thus, the measurement requirements for UE Rx-Tx time difference measurements with SRS aggregation will be applicable when no any collision between SRS and other signal. 
Proposal 5: The requirements of UE Rx-Tx time difference measurements with SRS aggregation is applicable only when there is no any dropped aggregated SRSs. 
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, some conditions on PRS bandwidth aggregation from RAN1 can impact the RRM requirements (e.g. the same periodicity, same antenna port).
Proposal 1: RAN4 shall define core requirements for positioning measurement with PFL bandwidth aggregation with the conditions below 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
· The same antenna port
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).

Observation 2: 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. 
Proposal 3: The optimized UE implementation when the PRS collided with other signals in the aggregated PFL can be considered when RAN4 define the corresponding requirements. E.g.
· Option A) Drop the positioning measurements in these aggregated PFLs within the collided PRS symbols only
· Option B) Drop the positioning measurements in the collided PFL within the whole PRS occasion, the PRS measurement result can rely on the measurements of other PFLs
· Option C) Drop the positioning measurements in the collided PFL within the collided PRS symbols only

SRS bandwidth aggregation
Proposal 4: RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.
Observation 3: 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 5: The requirements of UE Rx-Tx time difference measurements with SRS aggregation is applicable only when there is no any dropped aggregated SRSs. 
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