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[bookmark: _Ref521334010]Introduction
RAN1 has started working on the new R18 WI on Expanded and Improved NR Positioning [1] in RAN1#112 with good progress being achieved on the objective of “bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers” [2] as shown in the following agreements:
	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




In this contribution, we further discuss the issues related to the support of the BW aggregation positioning, including the conditions for BW aggregation positioning, the definitions of the BW aggregation positioning measurements, the physical later procedures for supporting BW aggregation positioning measurements, and definitions of positioning measurements of BW aggregation.
Conditions for BW aggregation positioning
Conditions for enabling DL PRS BW aggregation positioning
In RAN1#112 [2], the following agreement was made related to the conditions enabling DL PRS bandwidth aggregation between PRS in two or three different PFLs for positioning. 
	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 



As shown in the above agreement, there are a number of issues that need to be resolved for the conditions enabling DL PRS bandwidth aggregation between PRS in two or three different PFLs for positioning. In the following, we present our views on these issues.
1) Tx/Rx TEG: The above agreement indicates the DL PRS resources to be aggregated should be in the same time slot, in same symbols, by the same TRP associated with the same ARP, from the same RF chain (i.e., the same antenna). It has “FFS: The same gNB Tx TEG and the same UE Rx TEG, the maximum TX timing error margin”. In our view, the PRS resources transmitted from the same Tx/Rx RF chain will not be separated into different Tx/Rx TEGs. The maximum TX timing error margin is up to the device to decide as in Rel-17.
2) Periodicity and slot offset: It is obvious that the aggregated PRS resources have the same periodicity and slot offset. But, it does not mean the PRS resources that are configured for BW aggregation have to be the same periodicity and slot offset. As a simple example, assuming PRS resources in PFL1 and PFL2 are configured with the slot offset, but different periodicities: 10ms in PFL1 and 20ms in PFL2. In this case, the PRS resources aggregated have the same periodicity of 20ms. The UE only needs to aggregate the PRS resources which are overlapping in time with the same periodicity and slot offset.
3) Muting pattern: Similar to the discussion of the periodicity and slot offset, the network may configure the DL PRS resources with different muting patterns in different PFLs. The UE only needs to aggregate the PRS resources overlapping in time in different PFLs.
4) Number of PRS resource sets and resources: There is no need to limit the number of PRS resource sets and resources to be the same for all PFLs for a TRP. But, the UE only needs to aggregate the PRS resources overlapping in time in different PFLs.
5) NR-DL-PRS-SFN0-Offset: As described in TS 37.305, NR-DL-PRS-SFN0-Offset is a per TRP parameter, which can be set differently for different TRPs in NR-DL-PRS-AssistanceDataPerTRP. However, NR-DL-PRS-AssistanceDataPerTRP is included in IE NR-DL-PRS-AssistanceDataPerFreq. Avoiding mismatching of the DL PRS resources of different PFLs from the same TRP, it is expected that NR-DL-PRS-SFN0-Offset is configured to be the same for all aggregated PFLs of the same TRP. 

Based on above discussion, we suggest make the following modifications on the agreement made in the previous meeting.
[bookmark: p1]Proposal 1: Adopt the following modifications to the agreement made in RAN1#112:
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 The same periodicity and slot offset
· Note: This does not imply the PRS resources in PFLs have to be configured with the same periodicity and slot offset. 
· FFS The same or different muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same or different number of PRS resource sets and resources configured in different PFLs 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

Conditions for enabling UL SRS BW aggregation positioning
The following agreement was related to the conditions enabling UL SRS bandwidth aggregation between SRS in two or three different UL carriers for positioning [2]:
	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




As shown in the above agreement, there are a number of issues that need to be resolved for the conditions enabling UL SRS bandwidth aggregation between SRS in two or three different UL carriers for positioning for positioning. In the following, we present our views on these issues.
1) Tx/Rx TEG: Similar to the previous discussion, the SRS resources transmitted from the same Tx/Rx RF chain will not be separated into different Tx/Rx TEGs.
2) periodicityAndOffset and slotOffset: Similar to the previous discussion, it is obvious that the aggregated SRS resources should have the same periodicity and slot offset. But, it does not mean the SRS resources have to be the same periodicity and slot offset, e.g., periodicityAndOffset, and/or slotOffset may be configured differently in different UL carriers.
3) Number of SRS resource sets and resources: There is no need to limit the number of SRS resource sets and resources to be the same for all UL carriers. The TRP only needs to aggregate the PRS resources overlapping in time in different UL carriers.
4) Pathloss RS, Po and alpha: It may be simpler to use the same pathloss RS, Po and alpha, given that the aggregated carriers are the intra-band contiguous UL carriers.

[bookmark: p2]Proposal 2: Adopt the following changes to the agreement made in RAN1#112:
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: The same or different periodicityAndOffset, and slotOffset
· Note: TRP only aggregates the SRS resources overlapping in time in different UL carriers. 
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same or different number of SRS resource sets and resources
· Note: TRP only aggregates the SRS resources overlapping in time in different UL carriers. 
· 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

Configuration of DL/UL BW aggregation
	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
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.




For enabling PRS bandwidth aggregation across PFLs, the LMF may needs to inform the UE which DL PRS resources from which two or three PFLs meet the aggregation conditions and can be aggregated. The indication needs to be at least per TRP, since it does not have to support the DL PRS aggregation for all TRPs. The link may also need to be per PRS resource basis since different PRS resources in a PRS resource set transmitted in the same time from different PFLs may not necessarily be transmitted from the same Tx RF chain. Similarly, for UL SRS resources, it should be per SRS resource basis.

[bookmark: p3]Proposal 3: Adopt the following changes to the agreement made in RAN1#112:
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.

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.

Physical procedures
DL Measurement gap
For DL PRS measurements w/o CA, the UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP during a configured measurement gap. For DL PRS measurements with CA, a UE needs to measure the DL PRS resources in multiple PFLs simultaneously. In Rel-18, we assume a measurement gap needs to be configured for UE to obtain DL PRS measurements for CA positioning. The measurement gaps can be preconfigured by the network, or the UE can request the measurement gap as supported in Rel-17.
[bookmark: p4]Proposal 4: UE is expected to measure the DL PRS resources in multiple PFLs simultaneously during a configured measurement gap. 
· The measurement gap can be preconfigured. 
· The UE may request the activation or deactivation of a measurement gap as specified in Rel-17.

Joint measurement reporting
	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
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




To minimize the impact on the specification, it is desirable to extend existing positioning procedures for DL PRS measurements from one PFL to the cases when the measurements are obtained from multiple PFLs. For example, in Rel-18 the UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements (or the same measurement instance) for CA positioning per pair of dl-PRS-IDs in a measurement report. We may also extend the Rel-16/Rel-17 positioning features for a single PFL to the cases when the DL PRS resources from multiple PFLs/carriers are obtained from multiple PFLs/carriers, such as the measurement reporting for multipath mitigation, etc.
[bookmark: p5]Proposal 5: For minimizing the impact of the specification, existing Rel-16/R el-17 positioning procedures for DL PRS measurements of single PFL should be extended to the cases when the PRS measurements are obtained from multiple PFLs/multiple carriers for DL PRS bandwidth aggregation.
For measurement reporting, it was agreed that a single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs. It is “FFS” on whether RSRP and RSRPP are also reported for the PRS resources across aggregated PFLs. In our view, there is no strong motivation for reporting RSRP and RSRPP across aggregated PFLs. The reason is that the RSRP and RSRPP across aggregated PFLs can be simply derived from the RSRP and RSRPP of each PFL, since RSRP and RSRPP are, by definition, the linear average of the power within the measured BW.
[bookmark: p6]Proposal 6: There is no need to report RSRP, RSRPP for the PRS resources across aggregated PFLs.
About the PFL aggregation indication, it may not be critical, but it may be useful to indicate whether/which PFLs are aggregated for the PRS measurement. The network needs to configure the UE on whether to perform joint measurement across aggregated PFLs. It will be up to UE’s implementation and capability on whether the measurements are obtained via BW aggregation.
[bookmark: p7]Proposal 7: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement.
In TS 37.355, NR-DL-PRS-AssistanceData is used by the location server to provide DL-PRS assistance data to a UE. IE RequestLocationInformation is used by the location server to request the location measurements from a UE. About the issue of whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs, our view is to jointly use both of them. NR-DL-PRS-AssistanceData can be used to indicate the UE which DL PRS resources can be aggregated, while RequestLocationInformation is used to request UE to measure and report the BW aggregated measurements.
[bookmark: p8]Proposal 8: A UE can be indicated which DL PRS resources can be aggregated by PRS assistance data, and requested to perform joint measurement across aggregated PFLs by the use location information request message.	Comment by 任斌: 正文没有讨论该方案，建议补充。	Comment by CATT - Ren Da: Addec
For DL PRS measurement in Rel-16, UE may be indicated by the network through dl-PRS-ID, on which DL PRS resource(s) to be used as the reference for DL PRS measurements for a PFL. This reference is a DL PRS resource set ID, and optionally a single DL PRS resource ID or a list of DL PRS resource IDs. The UE is allowed to select a different DL PRS resource ID, or DL PRS resources in a single DL PRS resource set as the reference for the RSTD measurement. If the UE chooses to use a different reference other than indicated by the network, the UE is expected to report the dl-PRS-ID, the DL PRS resource ID(s) or the DL PRS resource set ID used as the reference. 
For CA positioning, to minimize the impact of the specification, we propose no change on the network indication of the reference for DL PRS measurements, e.g., the network may provide the same or different DL PRS resource(s) per PFL. It is then up to UE to decide which of them is used as the reference for DL PRS measurements in the measurement report. For the reporting of the DL PRS measurements for CA positioning, however, the UE should use the same reference for all RSTD measurements, which may be obtained from multiple PFLs in different carriers. As in Rel-16, the measurement reference, selected by the UE, can be the reference configured by the network, or other DL PRS resource(s) chosen by the UE. The UE is expected to report the dl-PRS-ID, the DL PRS resource ID(s) or the DL PRS resource set ID used to determine the reference.
[bookmark: p6_9]Proposal 9: All DL PRS measurements for CA positioning in one measurement report should have only a single RSTD reference. The network may suggest an RSTD reference per PFL to the UE. The UE may either select one of them as the RSTD reference or use other DL PRS resource(s) as the RSTD reference. 
Similarly, for UL BW aggregation, we have the following proposals:
[bookmark: p10_11]Proposal 10: There is no need to report RSRP, RSRPP for the SRS resources across aggregated carriers.
Proposal 11: In a measurement report, SRS aggregation indication is supported to indicate whether/which carriers are aggregated for the SRS measurement.

Aperiodic SRS measurement for bandwidth aggregation
	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



In RAN1#112 meeting, it was agreed to support periodic positioning SRS and semi-persistent positioning SRS. Whether to support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state is undecided. Another issue is whether MIMO SRS can be supported for bandwidth aggregation, e.g. with UE transparent way. In our view, aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state can be supported. However, it may not be much benefit, but too much complexity in network side to support using MIMO SRS for BW aggregation positioning if all neighboring cells are configured to support the use of MIMO SRS for BW aggregation positioning.
[bookmark: p12_13]Proposal 12: Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
Proposal 13: No need to explicitly support MIMO SRS for BW aggregation positioning.

UL SRS transmission procedures for CA positioning
[bookmark: _Toc45810627][bookmark: _Toc122105182]Simultaneous Uplink SRS transmission
In Rel-18, UL bandwidth aggregation for positioning requires the aggregated UL SRS resources in different carriers transmitted simultaneously. That is, if a UE supports UL bandwidth aggregation positioning, the UE should have the capability to transmit the UL SRS in intra-band contiguous carriers in the same slot and in the same symbols simultaneously. Other possible UL bandwidth aggregation scenarios, such as SRS resources of different carriers allocated in different slots or different symbols are not included in the scope of Rel-18 WI. Thus, there is no need to consider the uplink SRS transmission switching for UL bandwidth aggregation positioning.
[bookmark: p14]Proposal 14: In Rel-18, UL bandwidth aggregation positioning should only consider the scenarios where the UE simultaneously transmits UL SRS resources in multiple intra-band contiguous carriers. The UL bandwidth aggregation scenarios where the SRS resources of different PFLs/carriers transmitted are not transmitted simultaneously, e.g., SRS resources are allocated in different slots or different symbols, should not be considered. 

Simultaneous transmission of SRS and other uplink signals
In the previous section, we pointed out that a UE that supports UL bandwidth aggregation positioning should have the capability of simultaneous transmissions of SRS resources in different intra-band contiguous carriers. However, it does not mean the UE should have the capability of simultaneous SRS transmission with other UL channels in different intra-band contiguous carriers. To minimize the impact on the specification, we suggest the introduction of UL bandwidth aggregation positioning should not impact o the existing requirements and not introduce new requirements for simultaneous SRS transmission with other UL channels of intra-band carrier aggregation. 
[bookmark: p15]Proposal 15: In Rel-18, UL bandwidth aggregation positioning should have no impact on the existing procedures and requirements for the simultaneous transmission of SRS resources in one carrier and other UL channels in other carriers.

Definitions of positioning measurements of bandwidth aggregation
NR positioning measurements were first introduced in Rel-16, which includes DL RSTD, UL RTOA, UE/gNB Rx-Tx time differences, and RSRP, as defined in TS 38.215 [5]. Additional positioning measurements, e.g., DL PRS RSRPP and UL SRS RSRPP were introduced in Rel-17 to support multipath mitigations. The measurements were defined without considering the bandwidth aggregation. In this section, we discuss the potential impact of bandwidth aggregation on the definitions of NR positioning measurements. Based on the WID, the support of bandwidth aggregation for positioning measurements applies only to timing-related measurements (e.g., DL RSTD, UL RTOA, and UE/gNB Rx-Tx time difference). Thus, our discussion in this section focuses on these measurements.

DL RSTD
DL RSTD is currently defined as follows in TS 38.215 [5].
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) [18] j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,
Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.
Multiple DL PRS resources can be used to determine the start of one subframe from a TP.
For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



In the current definition, “DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) j and the reference TP i, defined as TSubframeRxj – TSubframeRxi”. In order to extend the definition for intra-band contiguous bandwidth aggregation for positioning, there is a need to assume, at least, the subframe timings of the different carriers need to be the same, or are perfectly aligned. Under this condition, the DL RSTD can still be defined as TSubframeRxj – TSubframeRxi. On the other hand, if the subframe timings of the intra-band contiguous carriers are different, or not perfectly aligned there will be different DL RSTD values for different carriers. For this WI, we only consider bandwidth aggregation of intra-band contiguous carriers by the use of a single Tx/Rx chain, for which we assume the intra-band contiguous carriers have the same subframe boundary. Then, the measured DL RSTD can still be the relative timing difference between two TPs under the assumption of the subframe times of different carriers of a TRP are the same. 
In addition, the current RSTD definition allows using multiple DL PRS resources to determine the start of one subframe from a TP. For the DL RSTD of bandwidth aggregation, it can be clarified that the multiple DL PRS resources may belong to different continuous DL carriers in a band.
[bookmark: p16]Proposal 16: The definition of DL RSTD can be extended to cover the cases when multiple DL PRS resources of one or more PFLs in two or three DL intra-band continuous carriers are used to obtain the DL RSTD, under the condition that the received subframe timings of the intra-band contiguous carriers from a TRP are exactly the same, i.e., DL PRSs of different PFLs in different carriers are transmitted by the same TRP Tx chain and received by the same UE Rx chain.

UL RTOA
The following definition is provided in TS 38.215 for UL Relative Time of Arrival (TUL-RTOA).
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in Reception Point (RP) [18]  j, relative to the RTOA Reference Time [16]. 
The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS 38.455]
-	, where  and  are the system frame number and the subframe number of the SRS, respectively.
Multiple SRS resources can be used to determine the beginning of one subframe containing SRS received at a RP.
The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



Similar to the discussion of the definition of DL RSTD, we think the definition “The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in Reception Point (RP)  j, relative to the RTOA Reference Time” can be extended to RTOA  measurements of bandwidth aggregation where multiple SRS resources in intra-band continuous carrier s are used to determine the timings of the received subframe containing SRS received at a RP. In order to extend the definition to UL intra-band contiguous bandwidth aggregation for positioning, there is a need to assume the received subframe timings of the different carriers are the same, or are perfectly aligned. Since in Rel-18 WI, we only consider bandwidth aggregation of intra-band contiguous carriers by the use of single Tx/Rx chains, we can assume the intra-band contiguous carriers have the same subframe boundary. 
In addition, the current RTOA definition allows using multiple SRS resources to determine the beginning of one subframe containing SRS received at a RP. For the UL RTOA of bandwidth aggregation, it can be clarified that the multiple SRS resources of different intra-band continuous DL carriers can be used to determine the beginning of one subframe containing SRS resources of intra-band continuous DL carriers.
[bookmark: p17]Proposal 17: The definition of UL RTOA can be extended to cover the cases when multiple UL SRS resources of multiple UL intra-band continuous carriers are used to obtain the UL RTOA, under the condition that the received subframe timings of the intra-band contiguous carriers from a UE are exactly the same, i.e., UL SRSs of different carriers are transmitted by the same UE Tx chain and received by the same TRP Rx chain.

[bookmark: _Toc524695296][bookmark: _Toc29045135][bookmark: _Toc29901476][bookmark: _Toc29901523][bookmark: _Toc35596404][bookmark: _Toc44881144][bookmark: _Toc51776314][bookmark: _Toc98515744]UE/gNB Rx – Tx time differences
The following definitions are provided in TS 38.215 for UE/gNB Rx – Tx time differences.

	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.
Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
Multiple SRS resources can be used to determine the start of one subframe containing SRS.
The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.



Similar to the discussion of the definition of DL RSTD and UL RTOA, the definitions of UE/gNB Rx – Tx time differences, i.e., “TUE-RX – TUE-TX” and “TgNB-RX – TgNB-TX”, can be extended to bandwidth aggregation where multiple DL PRS/UL SRS resources in intra-band continuous carriers are used to determine the timings of the received subframes TUE-RX/TgNB-RX, and the timings of transmitting subframes TUE-TX/TgNB-TX are the same for all intra-frequency carriers, by the use of single same UE/TRP Tx/Rx chains.
[bookmark: p18]Proposal 18: The definition of UE Rx – Tx time differences can be extended to cover the cases when multiple DL PRS resources of multiple DL intra-band continuous carriers are used to obtain the UE Rx – Tx time differences, under the condition that the received/transmitting subframe timings of the intra-band contiguous carriers are exactly the same, i.e., DL PRSs of different PFLs in different carriers are transmitted by the use of the same TRP Tx Rx chain and received by the use of the same UE Rx chain.
[bookmark: p19]Proposal 19: The definition of gNB Rx – Tx time differences can be extended to cover the cases when multiple UL SRS resources of multiple UL intra-band continuous carriers are used to obtain the gNB Rx – Tx time differences, under the condition that the received/transmitting subframe timings of the intra-band contiguous carriers are exactly the same, i.e., UL SRSs of different carriers are transmitted by the use of the same UE Tx chain and received by the use of the same TRP Rx chain.

Conclusion
In this contribution, we discussed the issues related to the support of the bandwidth aggregation of intra-band contiguous for positioning measurements. Based on the discussion, we have the following proposals:
Proposal 1: Adopt the following modifications to the agreement made in RAN1#112:
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 The same periodicity and slot offset
· Note: This does not imply the PRS resources in PFLs have to be configured with the same periodicity and slot offset. 
· FFS The same or different muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same or different number of PRS resource sets and resources configured in different PFLs 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
Proposal 2: Adopt the following changes to the agreement made in RAN1#112:
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: The same or different periodicityAndOffset, and slotOffset
· Note: TRP only aggregates the SRS resources overlapping in time in different UL carriers. 
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same or different number of SRS resource sets and resources
· Note: TRP only aggregates the SRS resources overlapping in time in different UL carriers. 
· 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
Proposal 3: Adopt the following changes to the agreement made in RAN1#112:
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.

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.
Proposal 4: UE is expected to measure the DL PRS resources in multiple PFLs simultaneously during a configured measurement gap. 
· The measurement gap can be preconfigured. 
· The UE may request the activation or deactivation of a measurement gap as specified in Rel-17.
Proposal 5: For minimizing the impact of the specification, existing Rel-16/R el-17 positioning procedures for DL PRS measurements of single PFL should be extended to the cases when the PRS measurements are obtained from multiple PFLs/multiple carriers for DL PRS bandwidth aggregation.
Proposal 6: There is no need to report RSRP, RSRPP for the PRS resources across aggregated PFLs.
Proposal 7: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement.
Proposal 8: A UE can be indicated which DL PRS resources can be aggregated by PRS assistance data, and requested to perform joint measurement across aggregated PFLs by the use location information request message.
Proposal 9: All DL PRS measurements for CA positioning in one measurement report should have only a single RSTD reference. The network may suggest an RSTD reference per PFL to the UE. The UE may either select one of them as the RSTD reference or use other DL PRS resource(s) as the RSTD reference. 
Proposal 10: There is no need to report RSRP, RSRPP for the SRS resources across aggregated carriers.
Proposal 11: In a measurement report, SRS aggregation indication is supported to indicate whether/which carriers are aggregated for the SRS measurement.
Proposal 12: Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
Proposal 13: No need to explicitly support MIMO SRS for BW aggregation positioning.
Proposal 14: In Rel-18, UL bandwidth aggregation positioning should only consider the scenarios where the UE simultaneously transmits UL SRS resources in multiple intra-band contiguous carriers. The UL bandwidth aggregation scenarios where the SRS resources of different PFLs/carriers transmitted are not transmitted simultaneously, e.g., SRS resources are allocated in different slots or different symbols, should not be considered. 
Proposal 15: In Rel-18, UL bandwidth aggregation positioning should have no impact on the existing procedures and requirements for the simultaneous transmission of SRS resources in one carrier and other UL channels in other carriers.
Proposal 16: The definition of DL RSTD can be extended to cover the cases when multiple DL PRS resources of one or more PFLs in two or three DL intra-band continuous carriers are used to obtain the DL RSTD, under the condition that the received subframe timings of the intra-band contiguous carriers from a TRP are exactly the same, i.e., DL PRSs of different PFLs in different carriers are transmitted by the same TRP Tx chain and received by the same UE Rx chain.
Proposal 17: The definition of UL RTOA can be extended to cover the cases when multiple UL SRS resources of multiple UL intra-band continuous carriers are used to obtain the UL RTOA, under the condition that the received subframe timings of the intra-band contiguous carriers from a UE are exactly the same, i.e., UL SRSs of different carriers are transmitted by the same UE Tx chain and received by the same TRP Rx chain.
Proposal 18: The definition of UE Rx – Tx time differences can be extended to cover the cases when multiple DL PRS resources of multiple DL intra-band continuous carriers are used to obtain the UE Rx – Tx time differences, under the condition that the received/transmitting subframe timings of the intra-band contiguous carriers are exactly the same, i.e., DL PRSs of different PFLs in different carriers are transmitted by the use of the same TRP Tx Rx chain and received by the use of the same UE Rx chain.
Proposal 19: The definition of gNB Rx – Tx time differences can be extended to cover the cases when multiple UL SRS resources of multiple UL intra-band continuous carriers are used to obtain the gNB Rx – Tx time differences, under the condition that the received/transmitting subframe timings of the intra-band contiguous carriers are exactly the same, i.e., UL SRSs of different carriers are transmitted by the use of the same UE Tx chain and received by the use of the same TRP Rx chain.
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