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Introduction
[bookmark: _Hlk525462591]In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#98, a new work item “Expanded and improved NR positioning” was approved and updated at RAN#99 [1]. This contribution discussed our views for the remaining issues on bandwidth aggregation for positioning. The objective in the WID is:
· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].
Discussion
This section discusses further details on bandwidth aggregation for DL PRS measurement and UL SRS measurement based on the agreements at the previous meeting.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634][bookmark: Proposal98262][bookmark: Proposal38119]Bandwidth Aggregation of DL PRS
 Configurations on DL PRS BW aggregation
Proposal 1: Support the following TP on Clause 5.1.6.5 of TS 38.214
	<omitted text>
5.1.6.5.3	PRS bandwidth aggregation for positioning measurements
When the UE is expected to perform aggregated measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [linkage], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceRepetitionFactor, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE may assumedetermines that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE may assume phase continuity on the DL PRS resources on same symbol(s); otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
<omitted text>



The reason for the change: In the current RAN1 specification, it specifies that the UE may assume that the DL PRS resources across the linked DL PRS resource sets are linked for bandwidth aggregation. If the linked PRS resource sets satisfy the listed conditions, the UE should assume these PRS resource sets are linked for the bandwidth aggregation. The current “may assume” is not a clear wording. The UE should assume or should determine that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation.

DL Measurement and reporting
Proposal 2: Support the following TP on Clause 5.1.6.5 of TS 38.214
	<omitted text>
The UE may report via higher layer parameter [positioning frequency layer aggregation information] which indicates if bandwidth aggregation is performed or not, or it may report and which two or three DL PRS positioning frequency layers are used for the aggregated DL RSTD measurement(s) and the aggregated UE Rx-Tx time difference measurement(s). In a measurement report, the UE may report PRS resource set IDs across the two or three DL PRS positioning frequency layers used to perform the aggregated DL RSTD measurement or the aggregated UE Rx-Tx time difference measurement.
<omitted text>


The reason for the change: From the discussion on higher layer signalling parameters, we clarified the UE behavior for the reporting of the aggregated measurement. Based on the RAN1 agreement below, there are two UE behavior for the measurement reporting
	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


[bookmark: _Hlk136776832]
1) The UE may report a RSTD measurement or UE Rx-Tx time difference measurement, and the UE can report if it is an aggregated measurement or not.
2) The UE may report a joint RSTD measurement or a joint UE Rx-Tx time difference measurement, and it can also report which PFLs have been used for the joint measurement. 
The current spec description would not be aligned with the UE reporting behavior, as it mentions that the UE may report if BW aggregation is performed and which PFLs are used. It is obvious that the UE does not report both information, so we would suggest fixing this issue based on the above proposal. 
UE behavior with PRS priority/dropping
RAN1 made the following agreement at RAN1 #114 meeting:
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
Based on the agreement, the UE can decide whether to perform positioning measurement based on one or more of the PRS resources in the aggregated PFLs if PRS in one of aggregated PFL is dropped. RAN1 should carefully consider a case where UE is requested to report a joint UE Rx-Tx time difference measurement based on aggregated PRS resources across PFLs and aggregated SRS resources across CCs. In case the UE has already transmitted multiple SRS resources for BW aggregation, the UE shouldn’t drop the PRSs that are not collided with other signals.
Proposal 3: In case the UE has transmitted SRS of the linked SRS resources for BW aggregation for Multi-RTT, the UE should measure the PRS resources, associated with the UE Rx-Tx time difference measurement, that are not collided with other signals.
Bandwidth Aggregation of UL SRS
Configuration on UL SRS BW aggregation
Proposal 4: Support the following TP on Clause 6.2.1.4 of TS 38.214
	6.2.1.4.2	SRS bandwidth aggregation for positioning measurements
The UE is expected to be configured with linkage information [linkage] on SRS resource sets for positioning across two or three CCs which are linked for bandwidth aggregation. For the linked SRS resource sets, the UE is expected to be configured with the same values of startPosition, nrofSymbols, periodicityAndOffset, slotOffset, alpha, p0, subcarrier spacing, CP, and comb size, and the UE is expected to maintain phase continuity for the SRS transmission. The UE may assumedetermines that SRS resources across the linked SRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, otherwise, the UE does not assume that SRS resources of the linked SRS resource sets are linked for bandwidth aggregation. For the linked SRS resource sets for bandwidth aggregation across CCs, if an SRS configured by the higher layer parameter SRS-PosResource, along with the [switching period] when applicable, collides with other signals or channels on a symbol and if the SRS in that symbol is dropped, SRS transmission of the linked SRS resource sets across all CCs is dropped on that symbol.
<omitted text>



The reason for the change: Similar to the DL case, the proposed text would be clear than the current one, as the UE needs to decide which SRS resources are linked if the conditions for UL SRS BW aggregation are satisfied. For the linked SRS resources satisfying the conditions, the UE should assume these SRSs are for bandwidth aggregation and should maintain the phase continuity. Based on the current description, “may assume” has as still possibility to not assume it. If the UE does not assume the linked SRS resource sets for the bandwidth aggregation, it will not maintain the phase continuity. However, the gNB expects UE to maintain the phase continuity for those SRSs. 

UL Measurement 
In RAN1#114 meeting, RAN1 has not made more progress on the UL measurement reporting issue. Even though the measurement reporting for the bandwidth aggregation of the UL SRS has no impact to the RAN1 specification, RAN1 should clarify this.
RAN1 made the following agreement at RAN1 #113 meeting:
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
RAN1 made the following agreement at RAN1 #112-bis meeting on the measurement for the SRS resources aggregated across multiple component carriers.
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

At RAN1 #112, RAN1 agreed to introduce the LMF request for bandwidth aggregation measurement.
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
From the second agreement above, the gNB may report timing measurements and report whether/which measurements are joint measurements. This feature is a basic feature to support UL BW aggregation. However, the gNB can perform a joint RTOA measurement or gNB Rx-Tx time difference measurement from two or three CCs. The UE may have only transmitted on one carrier due to collisions, which affects the measurement accuracy. 
For example, for a TRP, the UE may obtain a UE Rx-Tx time difference measurement based on three DL PRSs across three PFLs, and the UE may be able to transmit three SRS resources cross three difference CCs. For another TRP, the UE may obtain another UE Rx-Tx time difference measurement based on three DL PRSs across three PFLs, and the UE may be only able to transmit two SRS resources cross three difference CCs. 
With respect to two different TRPs, the UE may have obtained two UE Rx-Tx time difference measurements with a similar accuracy level, but the accuracy of two gNB Rx-Tx time difference measurements would not be similar as one gNB Rx-Tx time difference measurement is made based on two UL CCs. For both cases, the gNB would report they are joint measurements from aggregated SRS resources across multiple CCs, but the LMF should be able to differentiate the measurements. The minimum information for the reporting would be to report whether the reported measurement is an aggregated measurement or not.
Proposal 5: The gNB can report whether the RTOA/gNB Rx-Tx time difference measurement is an aggregated measurement or not.
Power Control 
RAN1 made the following agreement on the power control issue for SRS bandwidth aggregation at RAN1 #112-bis. 
Agreement
Support the same power prioritization between the aggregated carriers in the case when total UE transmit power in a transmission occasion I exceeds  
· 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

The UE in RRC connected mode can transmit positioning SRS only within the UL BWP, but the positioning SRS configuration is already flexible, and it is up to the network. Although the previous releases did not support the request and report of UL measurement over aggregated SRS resources, but SRS transmission across different CCs on the same symbol is feasible. For the effective support of bandwidth aggregation of UL SRS, the network might configure positioning SRS resources on the same symbols to receive them simultaneously. For positioning, the SRS resource can be configured targeting a neighbor gNB, which might need more power consumption. For the simultaneous transmission of multiple SRS resources, it is necessary to consider that the required power calculated from the power control equation for the configured CCs could be over the available power. RAN1 should discuss the necessary UE behavior and/or higher layer signaling to address the power allocation issue for the simultaneous SRS transmission. 
In addition, in case the total transmission power to transmit multiple SRS resources exceeds the UE maximum power, the UE may not be close to a target TRP/cell and the received SNR may be low. In addition, the channel could be in deep fading in a specific CC than other CCs, and in this case, an entire bandwidth aggregation gain may not always be better than the power gain per by using a part of them. It should be noted that the CRLB is not tight at the low SNR regime. In case the UE total UE transmission power in a transmission occasion exceeds the maximum power, it is necessary to select 2 CCs out of 3 CCs for bandwidth aggregation.
Proposal 6: RAN1 supports UE to select a part of configured CCs for SRS bandwidth aggregation when the total uplink transmission power in a transmission occasion exceeds the UE maximum power.
Conclusions
We have made the following observation and the proposals.
Proposal 1: Support the following TP on Clause 5.1.6.5 of TS 38.214
	<omitted text>
5.1.6.5.3	PRS bandwidth aggregation for positioning measurements
When the UE is expected to perform aggregated measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [linkage], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceRepetitionFactor, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE may assumedetermines that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE may assume phase continuity on the DL PRS resources on same symbol(s); otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
<omitted text>



Proposal 2: Support the following TP on Clause 5.1.6.5 of TS 38.214
	<omitted text>
The UE may report via higher layer parameter [positioning frequency layer aggregation information] which indicates if bandwidth aggregation is performed or not, or it may report and which two or three DL PRS positioning frequency layers are used for the aggregated DL RSTD measurement(s) and the aggregated UE Rx-Tx time difference measurement(s). In a measurement report, the UE may report PRS resource set IDs across the two or three DL PRS positioning frequency layers used to perform the aggregated DL RSTD measurement or the aggregated UE Rx-Tx time difference measurement.
<omitted text>


Proposal 3: In case the UE has transmitted SRS of the linked SRS resources for BW aggregation for Multi-RTT, the UE should measure the PRS resources, associated with the UE Rx-Tx time difference measurement, that are not collided with other signals.
Proposal 4: Support the following TP on Clause 6.2.1.4 of TS 38.214
	6.2.1.4.2	SRS bandwidth aggregation for positioning measurements
The UE is expected to be configured with linkage information [linkage] on SRS resource sets for positioning across two or three CCs which are linked for bandwidth aggregation. For the linked SRS resource sets, the UE is expected to be configured with the same values of startPosition, nrofSymbols, periodicityAndOffset, slotOffset, alpha, p0, subcarrier spacing, CP, and comb size, and the UE is expected to maintain phase continuity for the SRS transmission. The UE may assumedetermines that SRS resources across the linked SRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, otherwise, the UE does not assume that SRS resources of the linked SRS resource sets are linked for bandwidth aggregation. For the linked SRS resource sets for bandwidth aggregation across CCs, if an SRS configured by the higher layer parameter SRS-PosResource, along with the [switching period] when applicable, collides with other signals or channels on a symbol and if the SRS in that symbol is dropped, SRS transmission of the linked SRS resource sets across all CCs is dropped on that symbol.
<omitted text>


Proposal 5: The gNB can report whether the RTOA/gNB Rx-Tx time difference measurement is an aggregated measurement or not.
Proposal 6: RAN1 supports UE to select a part of configured CCs for SRS bandwidth aggregation when the total uplink transmission power in a transmission occasion exceeds the UE maximum power.
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