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Introduction
RRM requirements for PRS/SRS CA for positioning are discussed in RAN4#106-bis-e, and outcomes are captured in WF [1]. Based on [1] the following issues are to be further discussed.
· Requirements for PRS CA
· Impact of SRS CA
· Report mapping for PRS/SRS CA
In this paper we will provide our views on RRM requirements for PRS/SRS CA for positioning.
Discussion
Requirements for PRS CA
	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.


As the condition of requirements for PRS CA, RAN1 reached the following agreements. 
	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


Since LMF will indicate UE whether to perform joint measurement across aggregated PFLs, naturally the requirements for PRS CA would apply only when LMF indicates so. The is same as requirements for reduced sample number which is also based on LMF indication.
Proposal 1: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
Besides, RAN1 made the following agreements related to linked resources across PFLs.
	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
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


LMF will indicate UE which resource sets or resources are linked across PFLs, and aggregation is assumed only for those linked resources when conditions are met. Naturally the requirements for PRS CA would apply only to PRS resource sets or PRS resources across PFLs that are linked. 
As to other conditions related to resource alignment across PFLs, RAN4 agreed to wait for RAN1 progress which are expected to conclude in May meeting.
Proposal 2: Requirements for PRS CA are applicable to PRS resource sets or PRS resources across PFLs that are linked. Other conditions can be discussed based on RAN1 progress. 
	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.


Based on RAN1 agreement, UE generates one TOA estimate for each resource combination. This is different from current requirements with multiple PFLs. For example, with 2 PFLs the current requirements are defined assuming they are measured sequentially by using the sum approach to define measurement period. If all PRS resources on the two PFLs are aggregated, they can be considered as a single PFL. Of course, new processing capability {N,T} and N’ may apply since the BW is larger.
Otherwise, we think the existing measurement period requirements can be used as baseline.
Proposal 3: Existing measurement period requirements can be used as baseline for defining PRS CA requirements, and aggregated PFLs are considered as one PFL. 
RAN1 made the following agreements related to PRS resource dropping. 
	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


In RAN4 requirements, one applicability condition is that PRS resources are not dropped. For PRS CA, the requirements for PRS CA may not apply depending on RAN1 agreements. RAN4 should discuss the impact of PRS resource dropping based on RAN1 agreements.
Proposal 4: RAN4 to discuss the impact of PRS resource dropping in one or more PFLs on the requirements based on further RAN1 agreements.
Impact of SRS CA
	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 3-2-6: 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


RAN4 discussed possible impacts of SRS CA and concluded to wait for further RAN1 progress. In April meeting, RAN1 agreed that support of SRS CA is decoupled from data CA.
	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.


Based on RAN1 agreements, there may be impacts on SRS CA due to data CA or vice versa. For example, some companies proposed that there may be guard period in between. Since there is no conclusion in RAN1, we suggest RAN4 to discuss possible impacts of SRS CA based on RAN1 progress.
Proposal 5: RAN4 to discuss possible impacts of SRS CA based on RAN1 progress.
Report mapping for PRS/SRS CA
	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.


We support to update the report mapping for RSTD and UE Rx-Tx for PRS CA.
The current range of the reporting granularity is from 32Tc to 4Tc for FR1 and from 32Tc to 1Tc for FR2. 
	The reporting range for the DL RSTD measurement is defined from -985024Tc to 985024Tc with the resolution step of 2kTc, where 
	Tc is defined in TS 38.211 [6], 
	kmin≤k≤kmax, 
	kmin=[2] and kmax=5, when configured PRS resource of at least one of the reference cell and neighbor cell measured for the RSTD measurement is in FR1,
	kmin=0 and kmax=5, when configured PRS resource of both the reference cell and neighbor cell measured for the RSTD measurement are in FR2,
	k≥ timingReportingGranularityFactor [34] configured by LMF via LPP for the RSTD measurement.


The range was determined in Rel-16 based on the maximum PRS BW of 100MHz for FR1 and 400MHz for FR2 for single PFL. With PRS/SRS CA across up to 3 PFLs, the maximum BW for a single TOA estimate can be up to 300MHz for FR1 and 1200MHz for FR2. It is well known that the resolution in TOA estimation becomes finer when the BW becomes larger, and this was also the reason why the lowest granularity is larger for FR1 than FR2. In this sense, it is reasonable to update the range of the reporting granularity. As the exact value, we suggest to that the lowest granularity is 1Tc for FR1 and 0.25Tc for FR2. Otherwise, the gain from the PRS CA may not be achievable even UE can do better TOA measurement. 
In last meeting, some companies suggested to wait to check the accuracy performance. In our view, however, the accuracy and the reporting granularity are separate issues and there is no strict restriction. For example, the RSRP measurement accuracy is 4.5dB while the reporting granularity is 1dB. Besides, accuracy will be discussed in Perf part, while the report mapping, although part of the Perf part, will impact on signaling, so we suggest not to wait to check the accuracy performance.
Proposal 6: RAN4 to update the report mapping for RSTD and UE Rx-Tx
· FR1: support range of reporting granularity from 32Tc to [1]Tc
· FR2: support range of reporting granularity from 32Tc to [0.25]Tc 
· Define new mapping table for reporting granularity of 0.5Tc and 0.25Tc
Conclusions
In this paper we provided our views on RRM requirements for PRS/SRS CA for positioning.
Proposal 1: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
Proposal 2: Requirements for PRS CA are applicable to PRS resource sets or PRS resources across PFLs that are linked. Other conditions can be discussed based on RAN1 progress. 
Proposal 3: Existing measurement period requirements can be used as baseline for defining PRS CA requirements, and aggregated PFLs are considered as one PFL. 
Proposal 4: RAN4 to discuss the impact of PRS resource dropping in one or more PFLs on the requirements based on further RAN1 agreements.
Proposal 5: RAN4 to discuss possible impacts of SRS CA based on RAN1 progress.
Proposal 6: RAN4 to update the report mapping for RSTD and UE Rx-Tx
· FR1: support range of reporting granularity from 32Tc to [1]Tc
· FR2: support range of reporting granularity from 32Tc to [0.25]Tc 
· Define new mapping table for reporting granularity of 0.5Tc and 0.25Tc
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