[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #110	R4-2401871
Athens, Greece, February 26 – March 1, 2024

Source:	Nokia, Nokia Shanghai Bell
Title:	RRM core maintenance for PRS/SRS Bandwidth Aggregation
Agenda item:	8.14.2.5
Document for:	Discussion
Introduction
The specification of positioning using PRS/SRS bandwidth aggregation is one of the objectives in the Rel-18 WID on expanded and improved positioning [1]. 
This contribution summarizes RAN4 #109 agreements and lists discussion on some of the open issues related to RRM core requirements as contained in the WF from RAN4 #109 [2] with regard to impacts to RRM core requirements for PRS/SRS bandwidth aggregation. RAN1 #115 agreements are listed in Annex 1.
Discussion
RAN4 agreements and open issues
RAN4 agreements and the list of open issues from RAN4 #109 are captured in WF [2], replicated below.
	Sub-topic 1-1: RAN1 LS on SRS/PRS bandwidth aggregation 
Issue 1-1-1: LS on PRS bandwidth aggregation
Agreements:
· No reply LS is needed. 
· RAN4 will define applicability conditions in core requirements i.e. requirements apply for up to 2 PFL combinations.
Sub-topic 1-4: UE feature list
Issue 1-4-4: Features on PRS measurements with PRS/SRS BW aggregation (FG 37-2)
Agreements:
· The feature 37-2 is RAN4 specific feature and should be supported with the following updates:
· Need for the gNB to know if the feature is supported = NO
· Need for the LMF to know if the feature is supported = YES
· Only component 1 (PRS BW aggregation) is needed.
There are two capabilities with the same components:
1. 37-2 is for UE supporting this feature in RRC connected state:
2. 37-2A is for UE supporting this feature in RRC idle and RRC inactive.





2

	
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory /
Optional

	37.
NR_pos_enh2
	37-2
	Support of reduced number of samples in positioning measurements with PRS bandwidth aggregation for RRC_CONNECTED
	1. Support of reduced number of samples in positioning measurements with PRS bandwidth aggregation
	Component 1 RAN1 feature 41-4-1

	No
	NA
	UE does not support reduced number of samples in positioning measurements with PRS bandwidth aggregation
	Per Band
	No
	No
	NA
	Component 1 candidate value: true/false

Need for the LMF to know if the feature is supported: True
	Optional with capability signalling

	37.
NR_pos_enh2
	37-2A
	Support of reduced number of samples in positioning measurements with PRS bandwidth aggregation for RRC_IDLE and RRC_INACTIVE
	1. Support of reduced number of samples in positioning measurements with PRS bandwidth aggregation
	Component 1 RAN1 feature 41-4-1

	No
	NA
	UE does not support reduced number of samples in positioning measurements with PRS bandwidth aggregation
	Per Band
	No
	No
	NA
	Component 1 candidate value: true/false

Need for the LMF to know if the feature is supported: True
	Optional with capability signalling






	Sub-topic 3-1: General aspects/scenarios for PRS/SRS BW aggregation
Issue 3-1-1: Impact of aggregated bandwidth on PRS measurement period requirements
Agreements:
· RAN4 to define measurement period requirements for PRS CA in BW agnostic manner.
Issue 3-1-2: Applicable condition in RRC inactive
Agreements:
· There is no restriction that SRS on aggregated carriers used for BW aggregation are within the initial UL BWP.
Sub-topic 3-2: PRS measurement requirements for PRS/SRS bandwidth aggregation
Issue 3-2-1: How to capture the condition of single RF chain (same antenna) in RAN4 specifications
Agreements:
· For the transmitter side, both RF + antenna and baseband needs to be considered. 
· Capture this in the core part as condition for positioning requirement for PRS aggregation. 
· The condition applies for positioning requirement for SRS aggregation. FFS whether/how to capture it in the RAN4 spec in performance part.
· For the receiver side, further discuss whether the condition of single Rx chain (RF + baseband) and antenna needs to be considered in the performance or core maintenance part.
· RAN4 agreement related the assumptions for the single RF chain is captured in LS to RAN1 in R4-23xxxx
Issue 3-2-3: Measurement period requirement for PRS/SRS bandwidth aggregation
Agreements:
· Tmeas,total = Tagg + Tmargin + Tnon-agg
·  between where Teffect,i is the Teffect from both aggregated PFLs and non-aggregated PFLs which are configured for positioning measurement. 
Issue 3-2-4: Impact of PRS collision with other signals on PRS bandwidth aggregation requirement
Agreements:
· Further discussion on this issue is not precluded and based on contribution driven in the maintenance part.
Issue 3-2-6: Impact of collision of other signals on SRS bandwidth aggregation requirement in RRC_INACTIVE
Agreements:
· RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in INACTIVE.
Issue 3-2-7: TEG for PRS/SRS bandwidth aggregation
Agreements:
· TEG is considered in measurement period requirements for PRS CA.



Further details on RAN4 #109 discussion can be found in [3]. Simulation assumptions for PRS BW aggregation were agreed in [4]. The incoming RAN1 LS [5] is dealt with in [6].
Measurement period requirements for PRS BW aggregation
Impact of PRS resource dropping on PRS bandwidth aggregation requirement
RAN1 has discussed the scenario of dropping PRS in one aggregated PFL due to collisions of PRS measurement with SSB or other DL signal/channel in RRC_CONNECTED state for MG assisted measurements in case of PRS bandwidth aggregation. RAN1 identified that RAN4 should elaborate requirements for this case, i.e. whether to consider dropping of PRS in all aggregated PFLs or performing BW aggregation over the PRS in the remaining non-colliding PFLs. This is captured in their RAN1 #112bis-e agreement:
	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



Further agreement was found at RAN1 #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



Thus, as RAN1 agreed to keep the PRS resource dropping as implementation dependent, RAN4 does not need to specify performance requirements for such scenarios, i.e., 2 or 3 aggregated PFLs. 
RAN4 #108bis discussed this issue and agreed that the measurement period can be longer in case of collision of PRS with other signals/channels. 
	Issue 3-2-3: Impact of PRS collision with other signals on PRS bandwidth aggregation requirement
Agreements:
· When the PRS collision with other signals on PRS bandwidth aggregation requirement, the measurement period can be longer, and FFS whether RAN4 to define the UE behaviour in RAN4.



RAN4 #109 continued the discussion with following options [3]. 
	Issue 3-2-4: Impact of PRS collision with other signals on PRS bandwidth aggregation requirement
· Proposals
· Option 1: CATT
· RAN4 not to define UE behaviour which shall depend on priority rules or UE implementation when collisions occur.
· Option 2: Nokia
· In case of PRS resource dropping due to collision with signals on one or more PFLs, which is up to UE implementation, the UE needs to indicate to LMF the number of PFLs the aggregated PRS measurement is based on.
· RAN4 to consider changes to collision handling for PRS and other signals/channels to include the case of two PFL groups.
· Option 3: OPPO
· When one of aggregated PRS resources is dropped due to collision, it is up to UE implementation to perform measurement based on the remaining PRS resources and RAN4 will not specify the exact value of extended measurement period.
· Option 4: E///
· Legacy measurement period requirement applies for the case when UE is configured to aggregate 2 PFLs for positioning measurement and one of the PFLs collide with other high priority DL signal.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with SSB and non-colliding PFLs are contiguous then UE shall meet measurement period requirement for positioning measurements by aggregating 2 PFLs.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with SSB and non-colliding PFLs are non-contiguous then UE determines PFL, among the non-colliding ones, to perform positioning measurements on. In this case legacy measurement period requirement applies.
· Option 5: Xiaomi
· When the PRS collision with other signals on PRS bandwidth aggregation requirement, UE’s measurement can rely on the PRS of the PFL which is not collided.
· Option 6: HW
· RAN4 not to define UE behaviour when there is no PRS resource dropping on any of the aggregated PFLs.
· Recommended WF
· Discuss the options.
RAN4 #109 RRM session meeting report (v12):
Agreement: 
Further discussion on this issue is not precluded and based on contribution driven in the maintenance part. 



In our view, UE behavior and requirements applicability should be defined in case of collision with other signals on one or more PFLs. This means UE needs to indicate to LMF whether the PRS measurement has been performed over all aggregated PFLs, only a subset of PFLs, or no aggregated measurement was performed. Hence UE should indicate to LMF the number of PFLs the aggregated measurement is based on. The selection of the PFL aggregation level can be performed according to Option 4 above. Thus Options 2 and 4 can be used as a baseline for further consideration. 
In case of PRS collision with other signals on one or more PFLs, the following requirements applicability is proposed. 
· For the case when UE is configured to perform positioning measurements on 2 aggregated PFLs and one of the PFLs is dropped due to collision with other high priority DL signal, such as SSB, the legacy measurement period requirement applies.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with other high priority DL signal such as SSB, and non-colliding PFLs are contiguous then UE shall meet measurement period requirement for positioning measurements by aggregating 2 PFLs.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with other high priority DL signal such as SSB, and non-colliding PFLs are non-contiguous then UE determines PFL, among the non-colliding ones, to perform positioning measurements on. In this case legacy measurement period requirement applies.
· In case of PRS resource dropping due to collision with signals on one or more PFLs, the UE indicates to LMF the number of PFLs the aggregated PRS measurement is based on (1 or 2).
Impact of SRS resource dropping on SRS bandwidth aggregation requirement
RAN4 #109 continued the discussion [3] with following options [3]. 
	Issue 3-2-5: Impact of SRS collision with other signals on SRS bandwidth aggregation requirement
· Proposals
· Option 1a: Xiaomi
· RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.
· The requirements of UE Rx-Tx time difference measurements with SRS aggregation is applicable only when there is no any dropped aggregated SRSs.
· Option 1b: HW
· RAN4 not to define new applicability rule for UE Rx-Tx requirements related to SRS dropping in case of SRS CA.
· Option 2: Nokia
· RAN4 to modify transmission requirements in TS 38.133 for the case one of the aggregated SRS carriers has a collision with other signal/channel in at least one symbol.
· Recommended WF
· Discuss the option.



In addition, RAN4 #109 agreed not to specify requirements for the collision case in RRC_INACTIVE state.
	Issue 3-2-6: Impact of collision of other signals on SRS bandwidth aggregation requirement in RRC_INACTIVE
Agreements:
· RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in INACTIVE.



Thus, we propose to proceed in the same way as for RRC_INACTIVE, as the collision case between SRS and other channels on one carrier of SRS CA may represent a rare case.
RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in RRC_CONNECTED.
PRS-RSRP and PRS-RSRPP measurement reporting
RAN1 #115 has achieved following agreement on this matter. 
	Agreement
(Aggregated measurement report)
If the UE/gNB reports aggregated timing measurement, the single reported RSRP/RSRPP (if reported) is based on aggregated PRS/SRS resources across aggregated PFLs/carriers.
· Note1: it is up to RAN4 whether to define a corresponding requirement
· Note2: for UL, measured SRS signals refer to aggregated SRS resources. For DL, measured PRS signals refer to aggregated PRS resources.



According to this agreement, RAN4 needs to specify that in case of aggregated PFLs for DL timing measurements, i.e. RSTD and UE Rx-Tx time difference, respectively, PRS-RSRP and PRS-RSRPP need to be measured and reported over aggregated PFLs. Similarly, in case of aggregated PFLs for UL timing measurements, i.e. UL-RTOA and gNB Rx-Tx time difference, respectively, SRS-RSRP and SRS-RSRPP need to be measured and reported over aggregated PFLs.
RAN4 to specify in TS 38.133 that, 
· in case of aggregated PFLs for RSTD and UE Rx-Tx time difference, PRS-RSRP and PRS-RSRPP need to be measured and reported over aggregated PFLs, too, and 
· in case of aggregated PFLs for UL-RTOA and gNB Rx-Tx time difference measurements, SRS-RSRP and SRS-RSRPP need to be measured and reported over aggregated PFLs, too. 
For DL this is to be specified in TS 38.133, for PRS-RSRP in the new subclause 9.9.3.9 and for PRS-RSRPP in the new subclause 9.9.6.9. For UL, this needs to be specified for SRS-RSRP in the existing subclause 13.3.1 for report mapping and for SRS-RSRPP in the existing subclause 13.6.1 for report mapping. 
RAN4 to specify this for PRS-RSRP in the new subclause 9.9.3.9 and for PRS-RSRPP in the new subclause 9.9.6.9, whilst for SRS-RSRP in the existing subclause 13.3.1 for report mapping and for SRS-RSRPP in the existing subclause 13.6.1 for report mapping.
Conclusion
Impacts to RRM core requirements for PRS/SRS Bandwidth Aggregation being one of the objectives in the Rel-18 WID on expanded and improved positioning [1], are investigated in this contribution.
The following proposals are made.	
1. In case of PRS collision with other signals on one or more PFLs, the following requirements applicability is proposed. 
· For the case when UE is configured to perform positioning measurements on 2 aggregated PFLs and one of the PFLs is dropped due to collision with other high priority DL signal, such as SSB, the legacy measurement period requirement applies.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with other high priority DL signal such as SSB, and non-colliding PFLs are contiguous then UE shall meet measurement period requirement for positioning measurements by aggregating 2 PFLs.
· For the case when UE is configured to perform positioning measurements on 3 aggregated PFLs in RRC_CONNECTED state and one of the PFLs is dropped due to collision with other high priority DL signal such as SSB, and non-colliding PFLs are non-contiguous then UE determines PFL, among the non-colliding ones, to perform positioning measurements on. In this case legacy measurement period requirement applies.
· In case of PRS resource dropping due to collision with signals on one or more PFLs, the UE indicates to LMF the number of PFLs the aggregated PRS measurement is based on (1 or 2).
RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in RRC_CONNECTED.
RAN4 to specify in TS 38.133 that, 
· in case of aggregated PFLs for RSTD and UE Rx-Tx time difference, PRS-RSRP and PRS-RSRPP need to be measured and reported over aggregated PFLs, too, and 
· in case of aggregated PFLs for UL-RTOA and gNB Rx-Tx time difference measurements, SRS-RSRP and SRS-RSRPP need to be measured and reported over aggregated PFLs, too. 
RAN4 to specify this for PRS-RSRP in the new subclause 9.9.3.9 and for PRS-RSRPP in the new subclause 9.9.6.9, whilst for SRS-RSRP in the existing subclause 13.3.1 for report mapping and for SRS-RSRPP in the existing subclause 13.6.1 for report mapping.
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Annex 1: RAN1 Agreements on PRS/SRS BW Aggregation
RAN1 #112
	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.



RAN1 #112bis-e
	Agreement
Study whether single TRP Tx TEG ID or UE Rx TEG ID is applied across PRSs in aggregated PFLs for TEG information reporting, i.e. single TEG ID is reported across the aggregated PRS resources for TRP Tx TEG association reporting, or for UE Rx TEG ID reporting in the measurement reporting

Agreement
Study whether single UE Tx TEG ID or TRP  Rx TEG ID is applied across SRSs in aggregated carriers for TEG information reporting, i.e. single UE Tx TEG ID is reported across the aggregated SRS resources for UE Tx TEG association reporting, or for TRP Rx TEG ID reporting in measurement reporting

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
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details

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

Conclusion
The details for on-demand PRS on PRS bandwidth aggregation are up to RAN2 and RAN3.
 
Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the aggregated SRS resources are of the same SRS resource-Type.
 
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.

Agreement
Support the same power prioritization between the aggregated carriers in the case when total UE transmit power in a transmission occasion i exceeds  P_cmax(i)
· The UE allocates power to the multiple SRS resources in the transmission occasion i of the aggregated carriers such that the UE’s transmit power in each transmitted resource element is equal.
· FFS further details, e.g. power scaling between aggregated carriers

Agreement
Introduce new UE capability(-ies) to support PRS bandwidth aggregation measurement
· FFS the details include the processing capability (N, T), the maximum number of PRS resources that can be process in a slots over the aggregation
· FFS the details on the PFL bandwidth combinations, including maximum number of PFLs, the total aggregated bandwidth, etc.
· This is applicable for DL-TDOA and Multi-RTT positioning methods

Agreement
From RAN1 perspective, MG-based bandwidth aggregation measurement is supported. Decide whether PPW is supported for PRS bandwidth aggregation measurement in RAN1#113 meeting.
· FFS the details for PPW if supported

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

Agreement
Positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED.
Positioning SRS bandwidth aggregation is supported for UEs in RRC_INACTIVE state.
· For the details, Rel-17 positioning SRS configuration for UE in RRC_INACTIVE state outside initial UL BWP can be the starting point

Agreement
For SRS bandwidth aggregation across two or three carriers, select one of the following options in RAN1#113 meeting
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied.  
· Option 3: Per SRS resource basis. 
· Support new signaling to indicate which SRS resources across carriers are linked. 
· For the non-linked SRS resources, no aggregation is assumed even if the conditions are satisfied

Agreement
For the SRS resources across aggregated carriers for UL-TDOA and Multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 SRS measurement of single carrier with the necessary update
· FFS: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers
· SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which measurement is aggregated
 
Agreement
For positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, select one of the following two options:
· Alt. 1: Stop SRS transmission in all aggregated carriers in the same symbol
· Alt. 2: SRS is still transmitted in other carriers in the same symbol
· FFS: The UE may not be expected to maintain phase continuity across the remaining carriers
· FFS the applicable scenario, e.g. the positioning SRS collides with another higher priority SRS or others

Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, decide whether one or more of the following are needed for the aggregated SRS resources in RAN1#113 meeting
· The same timing advance offset or the same TAG
· The same periodicityAndOffset, and slotOffset
· The same number of SRS resource sets and/or the same number of SRS resources per set
· The configuration of same pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)
· FFS the details, e.g. UE determines the transmit power for SRS transmission in a reference carrier and applies the same Tx PSD for SRS transmission in other carriers, or configure a common parameter set for the aggregated carriers
· The same antenna port from RAN1 specification perspective
· Note: this is to achieve phase continuity between carriers
· UE is expected to be configured with SRS resources that maintain a per-symbol uniformly spaced SRS pattern across aggregated bandwidths 
· Others if any

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



RAN1 #113
	Agreement
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
 
Agreement
For PRS bandwidth aggregation across PFLs, support
· 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.

Agreement
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
 
Agreement
When an SRS resource configured within a CC without PUSCH/PUCCH is linked for aggregation with an SRS resource configured within an UL active BWP of a UL communication CC, a guard period is needed before and after the aggregated SRS transmissions. 
· Send an LS to RAN4 with the above information and a request to provide the retuning time values needed. 

Agreement
For PRS bandwidth aggregation, with regards to the signaling in the location information request message, introduce the following:
· A request to indicate UE which two or three PFLs to be used for performing joint measurement 
· A new ReportingGranularityfactor smaller than 0 which can be applicable at least when the LMF requests aggregated measurements
· Support at least the values of k={-1,-2}
· FFS other values e.g. -3, -4, -5, -6
· Send RAN4 an LS to confirm the feasibility
 
Conclusion
For PRS bandwidth aggregation, PPW is not supported in Rel-18. 

Agreement
When the UE receives a request to perform aggregated measurements, 
· TRP(s) that include PRS aggregation have higher priority than the TRPs that do not include PRS aggregation
· If 2 or more TRPs include linked resources, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority
· If a PRS resource set is linked for aggregation, then it has higher priority compared to the PRS resource set not linked for aggregation.
· If both sets in a PFL are linked for aggregation, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority

Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the following is needed for the aggregated SRS resources 
· The same periodicityAndOffset, and slotOffset
· The configuration of pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)
· The same configuration of Po and alpha. 
· Note: UE may either perform pathloss RS measurement across CCs and form a single path loss value to apply across CCs or perform pathloss RS measurement in a single CC and apply across CCs

Agreement
For SRS bandwidth aggregation across two or three carriers, support
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied. 
 
Agreement
To support intra-band contiguous SRS bandwidth aggregation for UE in RRC_INACTIVE state, frequency information (e.g. point A, offset to carrier) of one or two additional carriers with respective SRS configurations should be provided to the UE, where the newly introduced carrier(s) and the carrier of the initial BWP should be intra-band contiguous carriers.

Working assumption 
For semi-persistent positioning SRS for bandwidth aggregation, a single MAC CE can activate or deactivate:
· SRS resource set(s) in one or two or three of three aggregated carriers
· SRS resource set(s) in one or two of two aggregated carriers.
Note: the single spatial relation is indicated by the MAC CE for each of two or three aggregated SRS resources.
Send an LS to RAN2 to confirm the feasibility.

Agreement
For positioning SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs.

Agreement
For a carrier including positioning SRS for aggregation,
· Positioning SRS can be transmitted only when the carrier is activated
· This is also applicable for the carrier only including positioning SRS for aggregation
 
Agreement
With regard to support of aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state, at least the existing Rel-17 DCI framework (i.e. use multiple DCIs schedule SRSs in multiple carriers) can be reused
· FFS: whether Rel-18 DCI framework for multi-cell PDSCH/PUSCH scheduling with a single DCI (i.e. single DCI schedules SRSs in multiple carriers) can also be reused with or without specification work in RAN1.
 
Agreement
For SRS bandwidth aggregation across carriers, support
· Single RSRP or RSRPP is reported
· FFS: the single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers
· The used SRS resource IDs for the aggregated measurement are shared for RSRP/RSRPP and/or timing measurement results
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	Agreement
Send an LS to RAN2 with the following content
With regards to higher layer parameter dl-PRS-ID, RAN1 understands that the current RAN2 specification support two interpretations:
· Interpretation 1: PRS resource sets in different PFLs of a TRP are configured with the same dl-PRS-ID
· Interpretation 2: PRS resource sets in different PFLs of a TRP can be configured with different dl-PRS-ID
For PRS bandwidth aggregation, RAN1’s agreement is that the linked PRS resource sets from two or three PFLs should be from the same TRP. RAN1 kindly requests RAN2 to capture the condition of the same TRP in RAN2 specifications for PRS bandwidth aggregation.

Agreement
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.
	
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
 
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.

Agreement
With regard to aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state, support both Option 2 and Option1.
· Option 2: Support to use a DCI format 0_3 or 1_3 for multi-cell PDSCH/PUSCH scheduling to trigger SRS resources for bandwidth aggregation in multiple CCs.
· Option 1: Support a Rel-17 single DCI scheduling positioning SRS resource sets across the linked carriers, as a separate UE capability.
· Reuse Rel-17 DCI framework without modification. 
· If a single DCI indicates transmission of an aperiodic positioning SRS resource set, UE transmits aperiodic positioning SRS resource sets across all linked carriers for bandwidth aggregation.
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	Agreement​
Configuring up to two PFL combinations is supported (e.g. PFL1 aggregated with PFL2 and PFL3 aggregated with PFL4). ​
· Send an LS to RAN4 (CC to RAN2 and RAN3) to inform them with the above agreement and specify corre-sponding requirements.​
· Note: more than one combinations are measured in TDMed manner

[image: ]
Agreement​
For positioning SRS bandwidth aggregation, introduce a new RRC signaling to indicate whether to enable Rel-17 single DCI-triggering SRS resource sets across the linked carriers.​
[image: ]
Agreement​
When the LMF requests aggregated measurements, the following existing requested fields can also be applicable:​
· A request for reduced sample processing for aggregated measurement​
· Reuse the existing field: reducedDL-PRS-ProcessingSamples-r17​
· A request for lower Rx beam sweeping factor for FR2 that is applicable for aggregated measurements​
· Reuse the existing field: lowerRxBeamSweepingFactor-FR2​
· A request for the maximum number of aggregated UE-Rx-Tx / RSTD measurements for different DL-PRS Resources or DL-PRS Resource Sets per TRP​
· Reuse the existing field: maxDL-PRS-RSTD-MeasurementsPerTRPPair
Agreement​
With regards to the bandwidth aggregation measurement for positioning, suggest to the editor of TS38.214 to align the terminology between “joint measurement” and “aggregated measurement” by using only “aggregated measurement”.
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	Agreement
(Measurement Reporting)
The new ReportingGranularityfactor also supports k = {-3, -4, -5, -6} in addition to {-1, -2} 
· These k values are applicable for timing measurements for all applicable positioning methods
· Support for both DL and UL
· Support for both FR1 and FR2
· Reply the RAN4 LS R1-2310797, and CC to RAN2 and RAN3.
Agreement
(BW aggregation and TEG)
When the LMF requests aggregated measurements, the following existing requested fields can also be applicable:
· A request for configuring the UE to measure the same aggregated DL-PRS Resources of a TRP with N different UE Rx TEGs
· Reuse the existing IE: measureSameDL-PRS-ResourceWithDifferentRxTEGs
· A request for configuring the UE to measure the same aggregated DL-PRS Resources of a TRP with N different UE RxTx TEGs
· Reuse the existing IE: measureSameDL-PRS-ResourceWithDifferentRxTxTEGs
Conclusion
With regards to TEG reporting for PRS/SRS bandwidth aggregation, for Rx, a single Rx or RxTx TEG ID is reported for the aggregated measurement.
Agreement
(Single DCI based SRS BW aggregation)
Endorse the TP 2.1-2 in section 2.1.2 of R1-2311464 for TS 38.212 clause 7.3.1.1.2.
[image: ]

Agreement
(SP SRS for BW aggregation)
Endorse the TP 3.1-1 in section 3.1.1 of R1-2311464 for TS 38.214 clause 6.2.1.4.2.

[image: ]

Agreement
(Aggregated measurement report)
If the UE/gNB reports aggregated timing measurement, the single reported RSRP/RSRPP (if reported) is based on aggregated PRS/SRS resources across aggregated PFLs/carriers.
· Note1: it is up to RAN4 whether to define a corresponding requirement
· Note2: for UL, measured SRS signals refer to aggregated SRS resources. For DL, measured PRS signals refer to aggregated PRS resources.

Agreement
(Single DCI based SRS BW aggregation)
Endorse the TP 2.1-1 in section 2.1.1 of R1-2311465 for TS 38.214 clause 6.2.1.4.2
[image: ]

Agreement
(Reporting information on the aggregated measurement)
Endorse the TP 4.1-1 in section 4.1.1 of R1-2311465 for TS 38.214 clause 5.1.6.5.3
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Agreement
(Editorial change)
The TP below is endorsed for TS38.214.
[image: ]
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Endorse the TP in section 3.2 of R1-2309227 for TS 38.214 clause 6.2.1.4.

Endorse the following TP in section 3.2 of R1-2309227 for TS 38.214 clause 6.2.1.4

<Unrelated part omitted>

The UE is expected to be configured with linkage information [linkage] on SRS resource sets for positioning across
two or three CCs which are linked for bandwidth aggregation. For the linked SRS resource sets, the UE is expected
10 be configured with the same values of startPosition. nrofSymbols, periodicityAndOffset, slotOffset. alpha, po.
subcarrier spacing, CP, and comb size, and the UE is expected to maintain phase continuity for the SRS
transmission. The UE may assume that SRS resources across the linked SRS resource sets which satisfy the above
conditions are linked for bandwidth aggregation. otherwise, the UE does not assume that SRS resources of the
linked SRS resource sets are linked for bandwidth aggregation. For the linked SRS resource sets for bandwidih,
aggregation across CCs. if an SRS configured by the higher layer parameter SRS-PosResource, along with the
[switching period] when applicable, collides with other signals or channels on a symbol and is the SRS in that
symbol that is dropped. SRS transmission of the linked SRS resource sets across all CCs is dropped on that symbol
I the UE receives a DCI0_L.0_2. 1_I. or | 2 triggering an aperiodic SRS resource set for positioning linked for

bandwidth aggregation in a CC_ subject to UE capability, UE transmits SRS of the linked SRS resource sets across
all CCs.

A UE in RRC_INACTIVE mode is expected to be configured with [frequency information] on additional
component carrier(s) with respective SRS configuration(s) for bandwidth aggregation.

‘When an SRS resource configured in a CC without PUSCH or PUCCH is linked for bandwidth aggregation with an
SRS resource configured in an active UL BWP of another [UL data transmission] CC, there is a [guard period]
during which the UE is not expected to transmit or receive other signals or channels.

<Unrelated part omitted>

« Reason for change: It has been agreed (o use Rel-17 single DCI scheduling positioning SRS resource sefs across the
linked carriers. But the agreement is not captured in the current RANI specification.

«  Summary of change: Capture the agreement that to use Rel-17 single DCI scheduling positioning SRS resource sets
across the linked carriers in TS 38.214. Also, some typos are fixed

«  Consequences if not approved: The agreement is not captured
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Confirm the following WA:

For semi-persistent positioning SRS for bandwidth aggregation, a single MAC CE can activate or
deactivate:
o SRS resource sef(s) in one or two or three of three aggregated carriers
SRS resource sef(s) in one or two of two ageregated carriers,
Note: the single spatial relation is indicated by the MAC CE for each of two or three aggregated SRS
resources,
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< Unchanged text omitted >

Table 7.3.1.1.2-24: SRS request

Value of SRS re-
quest field, or
Value of ‘SRS re-
quest” index for
each cell in the
scheduled cell set
indicated by SRS
request field in

Triggered aperiodic SRS re-
source set(s) for DCI format 0_1,
02,0311,12,13and2°3
configured with higher layer pa-
rameter s¢s-TPC-PDCCH-Group
set to 'ypeB'

Triggered aperiodic SRS resource set(s) for
DCI format 2_3 configured with higher
layer parameter sts-TPC-PDCCH-Group
set to 'typeA.

DCI03orl3

0 No aperiodic SRS resource set trig- | No aperiodic SRS resource set triggered
gered
SRS resource sef(s) configured by | SRS resource set(s) configured with higher
SRS-ResourceSet with higher layer | layer parameter usage in SRS-ResourceSer set
parameter gperiodicSRS-Besource: | to 'antennaSwitching' and resourceTvpe in
Trigger setto 1 oran entry in gpe- | SRS-ResourceSet set to 'aperiodic’ for a 1+ set
riodicSRS-ResourceTriggerlist set | of serving cells configured by higher layers
tol

o1
SRS resource set(s) configured by
SRS-PosResourceSer with an entry
in aperiodicSRS-Resourcelrig:.
gerList set to 1 when triggered by
DCI formats 0 1,0 2,0 3.1 1,
and1 2and1 3
SRS resource sef(s) configured by | SRS resource set(s) configured with higher
SRS-ResourceSet with higher layer | layer parameter usage in SRS-ResourceSer set
parameter gperiodicSRS-Besource | to 'antennaSwitching' and resourceTvpe in
Trigger setto 2 oran entry in gpe- | SRS-ResourceSet set to 'aperiodic' for a 2% set
riodicSRS-ResourceTriggerlist set | of serving cells configured by higher layers
to2

10
SRS resource set(s) configured by
SRS-PosResourceSer with an entry
in aperiodicSRS-Resourcelrig:.
gerList set to 2 when triggered by
DCI formats 0 1,0 2,0 3.1 1,
and1 2.and1 3
SRS resource set(s) configured by | SRS resource set(s) configured with higher
SRS-ResourceSet with higher layer | layer parameter usage in SRS-ResourceSer set
parameter gperiodicSRS-Besource | to 'antennaSwitching' and resourceTvpe in
Trigger setto3 oran entry in gpe- | SRS-ResourceSet set to 'aperiodic' for a 3% set
riodicSRS-ResourceTriggerlist set | of serving cells configured by higher layers
to3

1

SRS resource set(s) configured by
SRS-PosResourceSer with an entry
in aperiodicSRS-Resourcelig:
gerList set to 3 when triggered by
DCI formats 0 1,0 2,0 3.1 1,
and1 2.and1 3

< Unchanged text omitted >
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62.142 SRS bandwidth aggregation for positioning measurements

< Unchanged text omitted >

If the UE receives activation or deactivation command of semi-persistent SRS resource
set(s) for positioning in one or two or three of three aggregated carriers or SRS resource
set(s) for positioning in one or two of two aggregated carriers as specified in [10, TS 38.321]
and when the UE would transmit a PUCCH with HARQ-ACK information in slot n corre-
sponding to the PDSCH carrying the activation or deactivation command, the correspond-
ing actions in [10, TS 38.321] and the UE assumptions on SRS transmission or cessation
corresponding to the SRS resource set(s) shall be applied starting from the first slot that is
afterslot n + 3N/ ™*"** where  is the SCS configuration for the PUCCH.
< Unchanged text omitted >
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TP 2.1-1

Reason for change

It has been agreed to use Rel-17 single DCI scheduling positioning SRS resource sets across
the linked carriers. But the agreement is not captured in the current RAN1 specification

Summary of change

Introduce description to reflect the agreement: Introduce a new RRC signalling to indicate
whether to enable Rel-17 single DCI-triggering SRS resource sets across the linked carriers.

Consequences if not
approved

The agreement is not captured in TS 38.214

Text proposal

6.2.1.42 SRS bandwidth aggregation for positioning measurements
< Unchanged text omitted >

If the UE is configured with [srs-PosBWAggregationDCITriggering], and if the UE re-

ceivesaDCI0_1,0_2,1 1, or 1_2 triggering an aperiodic SRS resource set for positioning
linked for bandwidth aggregation in a CC, subject to UE capability, UE transmits SRS of

the linked SRS resource sets across all CCs.
< Unchanged text omitted >
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TP 4.1-1

Reason for change

UE may report whether a RSTD or UE Rx-Tx time difference measurement is a joint meas-
urement. If yes, the UE may also report which PFLs have been used for the joint measure-
ment via reported PRS resource set IDs.

Summary of change

To make the spec clearer that: UE may report whether a RSTD or UE Rx-Tx time difference
measurement is a joint measurement. If yes, the UE may also report which PFLs have been
used for the joint measurement via reported PRS resource set IDs.

Consequences if not
approved

The specification is not crystal

Text proposal

5.1.6.5.3PRS bandwidth aggregation for positioning measurements

< Unchanged text omitted >

The UE may report via higher layer parameter [positioning frequency layer aggregation

information] in a measurement report which-indicates—_whether the aggregated DL RSTD

measurement(s) or the aggregated UE Rx-Tx time difference measurement(s) ifband-

width-aggregation-is performed. If any aggregated measurement is performed, the and

swhieh-two or three DL PRS positioning frequency layers to be are-used may also be re-

ported by
it measurement(s)-In-a-measurement reportthe UE-may reporting PRS re-
source setIDs cmsme s e DL DT s e e i s e e
T = o e e e
ence-measurement:

< Unchanged text omitted >
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6.2.1.4.2 SRS bandwidth aggregation for positioning measurements

The UE is expected to be configured with linkage information [/inkage] on SRS resource
sets for positioning across two or three CCs which are linked for
bandwidth aggregation. For the linked SRS resource sets, the UE is
expected to be configured with the same values of startPosition
nrofSvmbols, periodicityAndOffset, slotQffset, alpha, p0, subcarrier
spacing, CP, and comb size, and the UE is expected to maintain phase
continuity for the SRS transmission. The UE smay assumes that SRS
resources across the linked SRS resource sets which satisfy the above
conditions are linked for bandwidth aggregation, otherwise, the UE does
not assume that SRS resources of the linked SRS resource sets are
linked for bandwidth aggregation. For the linked SRS resource sets for
bandwidth aggregation across CCs, if an SRS configured by the higher
layer parameter SRS-PosResource, along with the [switching period]
when applicable, collides with other signals or channels on a symbol
and if the SRS in that symbol is dropped, SRS transmission of the
linked SRS resource sets across all CCs is dropped on that symbol.

< Unchanged text omitted >





