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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 #108 agreements and lists discussion on some of the open issues as contained in the WF from RAN4 #108 [2] and RAN4 #107 [3] with regard to impacts to RRM core requirements for PRS/SRS bandwidth aggregation. RAN1 #114 agreements are listed in Annex 1.
Discussion
RAN4 agreements and open issues
RAN4 agreements and the list of open issues from RAN4 #108 are captured in WF [2], replicated below.
	Sub-topic 3-1: General aspects/scenarios for PRS/SRS BW aggregation
Issue 3-1-1: MG-less requirements
Agreements:
· Do not define requirements for MG-less case.
Sub-topic 3-2: PRS measurement requirements for PRS/SRS bandwidth aggregation
[bookmark: _Hlk146709918]Issue 3-2-2: Impact of number of PFLs on PRS/SRS bandwidth aggregation requirements
Agreements:
· The total measurement period for RSTD and UE Rx-Tx requirements with bandwidth aggregation across all PFLs is defined as
· Txxxx,total = Taggregate + Tnon-aggregate
· Taggregate is the total measurement period for aggregate measurements (i.e. measurements with bandwidth aggregation) across all PFLs
· Taggregate is equal to zero if aggregate measurements are not configured.
· Only PRS resources that are aggregated shall be counted in Taggregate
· Tnon-aggregate is the total measurement period for non-aggregate measurements (i.e. measurements without bandwidth aggregation) across all PFLs
· Tnon-aggregate is equal to the Rel-17 the measurement period requirement, with the modification that only PRS resources that are not aggregated are counted in Tnon-aggregate
· Tnon-aggregate is equal to zero if non-aggregate measurements are not configured.
· FFS whether additional margin shall be added for the alignment of aggregated and non-aggregated measurements.




Further details on RAN4 #108 discussion can be found in [4]. The incoming RAN1 LS [5] is dealt with in [6].
RAN4 agreements and the list of open issues from RAN4 #107 are captured in WF [3], replicated below.
	Sub-topic 3-1: General aspects/scenarios for PRS/SRS BW aggregation
Issue 3-1-2: Applicable bandwidth
Agreements:
· RAN4 to wait on further RAN1 agreements related to maximum total aggregated bandwidth for PRS/SRS and on equal/unequal bandwidths of aggregated PFLs.
Sub-topic 3-2: PRS measurement requirements for PRS/SRS bandwidth aggregation
Issue 3-2-4: Impact of SRS CA for communication on PRS/SRS bandwidth aggregation
Agreements:
· RAN4 to discuss possible impacts of SRS CA based on RAN1 progress.

Issue 3-2-5: Guard period between data and positioning period in UL
Agreements:
· RAN4 to wait for more RAN1 progress to discuss the guard period.
Issue 3-2-7: Impact of PRS resource dropping on PRS/SRS bandwidth aggregation requirement
Agreements:
· RAN4 to discuss the impact of PRS resource dropping in one or more PFLs on the requirements based on further RAN1 agreements.
Sub-topic 3-3: PRS measurement report mapping for PRS/SRS bandwidth aggregation
Issue 3-3-1: Whether report mappings with PRS/SRS bandwidth aggregation need to be updated?
Agreements:
· For FR1 the additional reporting granularity values are 0.5 Tc, 1 Tc and 2 Tc.
· For FR2 the additional reporting granularity values are 0.25 Tc and 0.5 Tc.
· The above reporting granularity values apply to both UE and gNB positioning measurements.
· Send LS to RAN2 and RAN3 (and CC to RAN1) to define signaling for UE and gNB positioning measurement reporting respectively.
Issue 3-3-2: PRS-RSRP and PRS-RSRPP measurement reporting
Agreements:
· RAN4 will study the impact of PRS-RSRP and PRS-RSRPP measurement on the reporting requirements based on RAN1 and RAN2 agreements/progress.


General aspects/scenarios for PRS/SRS BW aggregation
The requirements for PRS/SRS bandwidth aggregation will be defined for up to three intra-band contiguous carriers. The PRS/SRS bandwidth can exploit the contiguous carriers with equal or unequal bandwidths and hence the PRS/SRS is coherently transmitted in entire carrier bandwidth since a single RF chain is assumed [1] [7].
Maximum aggregated BW
The maximum supported aggregated BW for PRS/SRS needs to be determined for such scenarios. In our understanding, RAN1 is not further discussing the aspect of maximum aggregated BW for PRS/SRS. Thus, RAN4 should discuss this issue further. In fact, measurement core requirements can be defined in BW-agnostic way based on number of aggregated PFLs and indicated PRS resource sets for bandwidth aggregation, as agreed by RAN1 #113. For performance requirements, RAN4 needs to investigate the maximum aggregated BW for PRS and for SRS-P in case performance requirements are agreed for SRS-P. For the performance requirements, we propose to investigate as baseline a single carrier bandwidth of 10 MHz, 20 MHz and 50 MHz for PRS/SRS in FR1 and 50 MHz, 100 MHz, 200 MHz in FR2.
RAN4 to specify measurement period requirements for PRS/SRS BW aggregation in BW-agnostic way based on number of aggregated PFLs and indicated PRS resource sets for bandwidth aggregation. 
RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth of 10 MHz, 20 MHz and 50 MHz for PRS/SRS BW aggregation in FR1 and 50 MHz, 100 MHz, 200 MHz for PRS/SRS BW aggregation in FR2.
Equal / unequal PFL BW
In our understanding, RAN1 is not further discussing the aspect of equal/unequal PFL bandwidth for PRS/SRS bandwidth aggregation. As there are numerous scenarios for unequal BW that can be configured assuming 2 or 3 aggregated PFLs, further RAN1 is specifying to aggregate PFLs on resource set basis, i.e. to have symmetry between PFLs in terms of PRS resource occupation and hence bandwidth, and this case is not explicitly mentioned in [1], we propose to deprioritize this aspect in terms of both measurement period and measurement performance requirements. In our view, it is of higher priority to treat the case of equal PFL bandwidth, since this can be a typical deployment case. 
RAN4 to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation.
Measurement requirements for PRS/SRS bandwidth aggregation
Impact of SRS CA for communication on PRS/SRS bandwidth aggregation
RAN4 #106bis-e achieved following agreements:
	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 3-1-5: Impact of activation status of CC on PRS/SRS bandwidth aggregation:
Agreements:
This issue is merge with issue 3-1-4 to first broadly identify the impact of CA on PRS/SRS aggregation.



RAN4 #107 agreed RAN4 should discuss possible impacts of SRS CA based on RAN1 progress.
RAN1 #113 achieved following agreement on the need for a guard period before and after the aggregated SRS transmissions. 

	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. 



Thus, RAN4 should study activation time for PRS BW aggregation for 2 PFLs and 3 PFLs, which impact the measurement delay requirements. For SRS BW aggregation, the activation time for 2 PFLs and 3 PFLs needs to be studied impacting UL measurement delay. In addition, there is an impact to CA data communication due to the required guard period before and after aggregated SRS transmission depending on the retuning times, as investigated in the RF session, which will lower the CA data throughput. It needs also to be studied if the guard period adds further scheduling restriction.  
RAN4 to study activation time for PRS/SRS BW aggregation for 2 PFLs and 3 PFLs, which will impact the measurement delay requirements.
RAN4 to study the impact to CA data throughput due to the presence of guard period before and after aggregated SRS transmission.
Further agreement was found at RAN1 #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.



Thus, RAN4 needs to take this agreement on aggregated SRS dropping into account in the transmission requirements in TS 38.133, i.e. state the if there is collision with another signal/channel in a symbol on one carrier, the SRS transmission in all aggregated carriers in the same symbol is stopped. 
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. 
Guard period between data and positioning period in UL
This item is raised in the RAN1 LS [8] and dealt with in the UE RF session. 
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. It is sufficient to cover this in the core requirements part, i.e. 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.  
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. 
PRS-RSRP and PRS-RSRPP measurement reporting
According to [3], RAN4 will study the impact of PRS-RSRP and PRS-RSRPP measurement on the reporting requirements based on RAN1 and RAN2 agreements/progress. In our understanding, there is an ongoing discussion in RAN1 about whether to report RSRP/RSRPP for the measurement related to single PFL or across all aggregated PFLs. The related RAN1 #113 agreement is depicted below.
	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



Hence, we propose to wait on further RAN1 agreement related to this matter.
RAN4 to wait on further RAN1 agreement related to PRS-RSRP and PRS-RSRPP measurement type across aggregated PFLs.
SRS for positioning configuration in RRC_INACTIVE state
RAN1 has discussed and agreed SRS for positioning configuration in RRC_INACTIVE as stated in their RAN1 #112bis-e agreement:
	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



Thus, RAN4 should base RRM requirements for RRC_INACTIVE on the scenario that aggregated carriers with SRS for positioning are located outside the initial UL BWP. 
RAN4 to base RRM requirements for RRC_INACTIVE on the scenario that aggregated carriers with SRS for positioning are located outside the initial UL BWP.
Collision of SRS transmission with SSB or other DL signals/channels in RRC_INACTIVE
RAN1 #113 has achieved following agreement on the collision between carrier aggregated SRS for positioning transmission outside the initial BWP in RRC_INACTIVE and reception of other signals / channels in initial BWP.
	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.



Thus, RAN1 will reuse Rel-17 prioritization rule of SRS outside initial BWP. Such prioritization rule will also need to be reflected in the RRM spec in terms of scheduling restriction. If the UE is configured for SRS for positioning transmission in a BWP outside the initial BWP, it has to prioritize reception of DL signals / channels in the initial BWP over SRS for positioning transmission. Such restriction is currently specified in TS 38.133 for DL PRS in RRC_INACTIVE (clause 5.6.1), as follows.
	[bookmark: _Hlk97312717]If a PRS resource is outside the intitial DL BWP, a PRS resource instance collides with another DL signals/channels if any portion of the other DL signal/channel overlaps with the time interval starting X symbols before the PRS instance and ending X symbols after the PRS instance, taking into account nr-DL- PRS-ExpectedRSTD-Uncertainty and nr-DL-PRS-ExpectedRSTD. Where X is defined in Table 5.6.1-1.
Table 5.6.1-1: Value of X number of symbols
	FR
	[image: ]
	NR Slot 
length (ms)
	X symbols

	
	
	
	

	FR1
	0
	1
	7

	
	1
	0.5
	14

	
	2
	0.25
	28

	FR2
	2
	0.25
	14

	
	3
	0.125
	28

	Note 1:	The FR1 value applies if one or both of the serving cell and the positioning frequency layer are in FR1. FR2 value applies both of the serving cell and the positioning frequency layer are in FR2.






 
However, such restriction is currently missing for UL SRS-P transmission in RRC_INACTIVE in Rel-17. Nevertheless, such restriction has been introduced for CG-SDT in clause 5.5.4 for TDD and FDD, as given below.
	5.5.4	Scheduling restriction
5.5.4.1	Scheduling availability of UE performing measurements in TDD bands on FR1
When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRP measurement 
-	The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. 
When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRQ measurement 
-	The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration.
5.5.4.2	Scheduling availability of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to SS-RSRP/RSRQ measurement
-	If deriveSSB_IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. 
-	If deriveSSB_IndexFromCell is not enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH on all symbols within SMTC window duration. 
For UEs which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to measurement of serving cell.
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/ on SSB symbols of the serving cell.
5.5.4.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). 
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/ on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCellc is always enabled for FR2).
The following scheduling restriction applies to measurement on an FR2 serving cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/ on SSB symbols of the serving cell.



In our view, this clause also is applicable for NR positioning for UL SRS-P transmissions in clause 5.6. Thus clause 5.5.4 could be copied to a subclause for NR positioning in clause 5.6.x and the applicability of the scheduling restriction be added for UL SRS for positioning.  This way RAN4 can reflect the prioritization rule in RRC_INACTIVE designed by RAN1 for Rel-17 in case the SRS for positioning transmission is outside the initial BWP. 
RAN4 to reflect the prioritization rule of SSB or other DL channel reception over SRS for positioning transmission outside the initial BWP in RRC_INACTIVE state in terms of defining scheduling restriction in a new clause 5.6.x in TS 38.133 aligned to current scheduling restriction in clause 5.5.4.  
Measurement report mapping requirements for PRS/SRS bandwidth aggregation
[bookmark: _Hlk142036537]Measurement report mapping requirements have been discussed and agreed at RAN4 #107 and RAN4 also sent LS to RAN2 and RAN3 [9] informing them about the agreement on reporting granularity for PRS/SRS BW aggregation, i.e. down to k=-1 (Tc/2=254ps) in FR1 and k=-2 (Tc/4=127ps) in FR2.
RAN1 has sent the LS to RAN4 [8], asking confirmation about the feasibility to add reporting granularity factors k=-3, -4, -5 and -6, which correspond to reporting granularities of Tc/8, Tc/16, Tc/32 and Tc/64, hence to timing uncertainty down to 8ps. In our view, such low granularities are not needed, considering the Rel-16/Rel-17 measurement accuracy requirements, which e.g. for UE specify the accuracy error in the range of about 10...132 Tc for FR1 and 6 …35 Tc for FR2 for RSTD baseband accuracy error and AWGN channel (not including impairment margin) and for gNB in the range 8…122 Tc for FR1 and 8…16 Tc for FR2 for high SNR ratios for gNB Rx-Tx time difference baseband accuracy error (not including impairment margin). There has been also no discussion and justification, neither in RAN1 nor in RAN4 on the need for such low reporting granularities as requested by RAN1.
Thus, RAN4 should stick to the report mapping requirements agreed in RAN4 #107 for suitable k values (down to k=-1 for FR1 and k=-2 for FR2). 
RAN4 to specify report mapping requirements based on the RAN4 #107 agreement for suitable k values down to k=-1 for FR1 and k=-2 for FR2. 
Additional margin for measurement period requirements 
RAN4 #108 discussed the measurement period requirements for PRS BW aggregation with some agreements and one aspect for further study.
	Issue 3-2-2: Impact of number of PFLs on PRS/SRS bandwidth aggregation requirements
Agreements:
· The total measurement period for RSTD and UE Rx-Tx requirements with bandwidth aggregation across all PFLs is defined as
· Txxxx,total = Taggregate + Tnon-aggregate
· Taggregate is the total measurement period for aggregate measurements (i.e. measurements with bandwidth aggregation) across all PFLs
· Taggregate is equal to zero if aggregate measurements are not configured.
· Only PRS resources that are aggregated shall be counted in Taggregate
· Tnon-aggregate is the total measurement period for non-aggregate measurements (i.e. measurements without bandwidth aggregation) across all PFLs
· Tnon-aggregate is equal to the Rel-17 the measurement period requirement, with the modification that only PRS resources that are not aggregated are counted in Tnon-aggregate
· Tnon-aggregate is equal to zero if non-aggregate measurements are not configured.
· FFS whether additional margin shall be added for the alignment of aggregated and non-aggregated measurements.



As agreed, the PRS measurement period consists of aggregated PRS measurements, performed first, and non-aggregated PRS measurements, performed thereafter, as aggregated measurements have higher priority according to RAN1 agreement. The margin can be added to account for receiver configuration change, as receiver BW has to be adjusted for aggregated PFL and single PFL operation. In our view, this margin can be as low as discussed for Tx guard period for SRS BW aggregation between aggregated and non-aggregated carriers at RAN4 #108 in the UE RF session, where most companies proposed values below or equal to 500us. On the other hand, measurements are aligned to PRS resources and their availability according to PRS periodicity and overlapping with MG. Hence the additional margin will only be needed in case of switching within a slot or between adjacent slots. Thus, RAN4 should further discuss the conditions for switching between aggregated PFL measurements and non-aggregated PFL measurements. 
RAN4 to further discuss the conditions for switching between aggregated PFL measurements and non-aggregated PFL measurements, i.e., switching within slot, between adjacent slots or larger time distance, to determine the need for an additional margin.  
Conclusion
RRM impacts 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. RAN4 to specify measurement period requirements for PRS/SRS BW aggregation in BW-agnostic way based on number of aggregated PFLs and indicated PRS resource sets for bandwidth aggregation. 
RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth of 10 MHz, 20 MHz and 50 MHz for PRS/SRS BW aggregation in FR1 and 50 MHz, 100 MHz, 200 MHz for PRS/SRS BW aggregation in FR2.
RAN4 to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation.
RAN4 to study activation time for PRS/SRS BW aggregation for 2 PFLs and 3 PFLs, which will impact the measurement delay requirements.
RAN4 to study the impact to CA data throughput due to the presence of guard period before and after aggregated SRS transmission.
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. 
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 wait on further RAN1 agreement related to PRS-RSRP and PRS-RSRPP measurement type across aggregated PFLs.
RAN4 to base RRM requirements for RRC_INACTIVE on the scenario that aggregated carriers with SRS for positioning are located outside the initial UL BWP.
RAN4 to reflect the prioritization rule of SSB or other DL channel reception over SRS for positioning transmission outside the initial BWP in RRC_INACTIVE state in terms of defining scheduling restriction in a new clause 5.6.x in TS 38.133 aligned to current scheduling restriction in clause 5.5.4.   
RAN4 to specify report mapping requirements based on the RAN4 #107 agreement for suitable k values down to k=-1 for FR1 and k=-2 for FR2. 
RAN4 to further discuss the conditions for switching between aggregated PFL measurements and non-aggregated PFL measurements, i.e., switching within slot, between adjacent slots or larger time distance, to determine the need for an additional margin.  
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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.
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	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
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	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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