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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 related to bandwidth aggregation for positioning. Our companion contributions discuss our other views [3-7]. 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
 Restrictions of configurations & phase incoherency
As a further discussion on the list of conditions for DL PRS bandwidth aggregation, the following agreement was made at RAN1 #112-bis meeting.
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

The proposal to restrict the TRP to have the same number of PRS resource sets and same number of PRS resources per PRS resource set does not have strong motivation in our view. This would overly restrict the TRP implementation and is not strictly necessary for BW aggregation. For example, one TRP may have a PFL with multiple PRS resource sets as it is serving multiple UEs with different requirements. For the configured PFL, the LMF may configure another PFL to support not only bandwidth aggregation but also single PFL-based positioning for the legacy UEs. For the restriction on the periodicity, the slot offset, the muting pattern, the SFN0 offset value, and uniform pattern, we have the similar view.
Proposal 1: RAN1 does not support further configuration restriction as conditions to support DL PRS bandwidth aggregation.

The PRS aggregation over multiple PFLs may depend on UE flexibility, i.e., single FFT/IFFT or multiple FFTs/IFFTs (i.e., FFT/IFFT per PFL). In case of single FFT/IFFT operation over multiple PFLs, it is understood that the IFFT/FFT operation would be proportional to the aggregated bandwidth. However, in case of multiple FFTs/IFFTs operations, the FFT/IFFT operation per PFL may be proportional to the bandwidth per PFL (not total aggregated bandwidth) unless it is indicated. This may result different RRM measurement compared with the single FFT/IFFT operation for a same set of PFL combination. Thus, for multiple FFTs/IFFTs operation, it might be necessary for UE to know the sampling rate (IFFT/FFT size) to apply for positioning measurement for each PFL as requested by LMF to satisfy a positioning requirement.

Proposal 2: To support multiple IFFT/FFT bandwidth aggregation operations, introduce indicator to inform UE to use IFFT/FFT sizes per PFL operation in accordance with the aggregated PFL bandwidth. 
Another factor that could significantly impact accuracy is the phase incoherence across PFLs. For example, which could appear due to frequency drift across PFLs, multiple FFT/IFFT implementation across PFLs, etc. To avoid such issue, our understanding is that the use of estimated carrier phase in each PFL could be utilized (at the receiver or transmitter) to minimize the phase incoherence issue between the aggregated PFLs.

BW aggregation linkage information
Rel-16 NR positioning designed that the LMF can configures multiple positioning frequency layers (PFL) to the UE, so the configuration of DL PRS across multiple PFLs is already available. However, even if the UE is configured with PRS resources across multiple and adjacent PFLs, the UE may not report positioning measurement by carrier aggregation unless it is indicated. As a first step, the UE needs which PFL could be available for bandwidth aggregation, and RAN1 agreed to select one option in the following agreement at RAN1#112-bis meeting.

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.

In our view, option 2 requires unnecessary burden at the gNB as it needs to guarantee phase coherency although it is not necessary. For example, we assume two linked PRS resource sets in different PFLs such that PRS resource set #1={PRS resource #1, PRS resource #2} and PRS resource set #2={PRS resource #3, PRS resource #4}. LMF may intend for PRS resource #1 and PRS resource #3 to be used to obtain joint measurements from a UE, while PRS resource #2 and PRS resource #4 are not intended for joint measurements and are intended for UEs for a single PFL-based positioning. That is, PRS resource #2 and PRS resource #4 of different PFLs can be configured by the LMF to different UEs without the intention of obtaining joint measurements across PFLs. 

However, the two PRS resource sets are linked and if the agreed conditions are satisfied such as the same QCL and comb-size, the gNB should guarantee phase coherency every transmission occasions for the transmission of PRSs configured as PRS resource #2 and PRS resource #4, which it is not a necessary behavior at the gNB.

Proposal 3: For the enhancement of DL PRS configuration to inform UE by LMF which PFLs are linked, support option 3 (per the link is per TRP within the PFL and per PRS resource basis. 
DL Measurement 
RAN1 made the following agreement on the measurement reporting for the PRS resources aggregated across multiple PFLs.
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
The RSRP of each PFL may be reported individually as part of the measurement report. If this is the case, then there is no need to report the joint RSRP across the PFLs. In our understanding this does not have any technical significance.   

Proposal 4: If the reporting of RSRP per frequency layer is default, no need to report a joint RSRP across PFLs.

Based on the recent agreement, the UE may be able to report a message in the measurement report to indicate whether and/or which measurement is aggregated, but it is not enough information from the LMF. Although the LMF requests the UE to perform a joint measurement across configured three PFLs, the UE still can perform the joint measurement using two or three PFLs. If the UE only reports if the measurement is aggregated or not, there is no way for LMF to know how many PFLs are aggregated to perform this joint measurement. 
In the measurement report, the UE needs to report PFL IDs to indicate which PFLs are used to perform joint measurement.

Proposal 5: In a measurement report, the UE reports PFL ID(s) to indicate which PFLs are used to perform the joint measurement.
RRC_INACTIVE and RRC_IDLE
In the previous meeting, RAN1 agreed to support PRS measurement across multiple PFLs even for the RRC_INACTIVE and RRC_IDLE UEs, as follows:

Agreement
From RAN1 perspective, support UE performs PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state.

It should be noted that MG configuration or PRS processing window are not available in RRC inactive mode since Rel-17 NR positioning did not define additional configuration to support positioning functionality for the RRC inactive UE. Thus, based on Rel-17 NR positioning specification, UEs in the RRC_INACTIVE state is not mandated or indicated to measure outside of the initial BWP, so the network cannot expect that the RRC_INACTIVE UEs would measure wideband DL PRS although the UE is configured with wideband PRS. 

To make progress further, RAN1 should introduce an additional signaling to support DL PRS measurement outside of the initial DL BWP of UEs in RRC_INACTIVE mode.  

Proposal 6: For RRC_INACTIVE UE, RAN1 should introduce a measurement window configuration and indicator to support DL PRS measurement outside of the initial BWP. 
· The UE is expected to be configured with enough RF switching time for DL PRS measurement within the configured window.
· The indicator in the configuration indicates if the UE is allowed to stay outside of DL BWP within the window or if it should switch back to the DL BWP within the window.

MG-less BW aggregation
RAN1 made the following agreement at RAN1#112-bis meeting.
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
RAN1 should consider both of within a measurement gap (MG) and outside of the MG to support bandwidth aggregation for positioning and identify potential specification impact. Based on the current specification, the PRS resources across different PFLs can be transmitted in a way of TDM only. RAN1 may need to discuss if it is necessary to relax or keep the current configuration restriction considering the UE capability. 
Observation 1: The Rel-16/17 UE is not expected to receive multiple DL PRS resources across multiple PFLs on the same symbols.
For outside the MG, the gNB provides positioning processing window (PPW) configuration so that the UE can measure PRS resources within this window, and PPW configuration includes priority indication on the reception between PRS and other signals. Each PPW is DL BWP specific, so different PPW would be configured for different BWPs, and the gNB can also indicate different priority indicator. For example, in a specific DL BWP, the gNB wants to keep high priority on the data transmission for reliable data communication, so the UE may not be able to measure PRS resources at the DL BWP. It may result in some issues in supporting bandwidth aggregation for positioning. RAN1 needs to consider the UE behavior for measurement and reporting to measure from aggregated DL PRS resources and it also needs to consider coordination between the gNB and the LMF.
Proposal 7: RAN1 should specify solutions to support PRS bandwidth aggregation for PPW-based PRS bandwidth aggregation.
UE behavior with PRS dropping
RAN1 discussed the possibility of dropping PRS in one of the aggregated PFL, and made the following agreement at RAN1 #112-bis meeting.
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
The UE may perform the measurements multiple times and may average multiple samples to decide a positioning measurement to be reported. In consideration of this, Alt. 1 may be reasonable. However, the UE may also be able to exclude specific measurement samples by implementations and it is also possible to consider performing joint measurements for a part of aggregated PFLs (e.g., 2 out of 3 PFLs). For the overall PFLs, it is not clear how many times the collision occurs. In Alt.2, at least the UE would have more chances to take measurement samples even from a part of PFLs. We support Alt.2 and a reporting of PFL IDs aggregated to perform joint measurements.
Proposal 8: Support Alt. 2 and reporting PFL IDs aggregated to perform joint measurements.

Bandwidth Aggregation of UL SRS
Configuration parameters
Similar to the DL case, RAN1 had a further discussion on the conditions to support SRS bandwidth aggregation and made the following agreement.
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

The proposal to restrict the different CCs to have the same number of SRS resource sets and same number of SRS resources per resource set does not have strong motivation in our view. This would overly restrict the UE implementation and is not strictly necessary for BW aggregation. We have the similar view on the periodicity and offset.
For the power per subcarrier, the same Tx PSD was already agreed. The path-loss RSs for the different SRS resources in different CCs are not the same as CCs are different. The estimated path-loss for different CCs might not be the same, so the further condition such as the same Po and alpha may not guarantee the same Tx PSD. We think the previous agreement is enough to define necessary conditions. For the uniformly spaced SRS pattern, it is supported by the network configuration, but it does not necessarily have to be a mandatory condition to support SRS bandwidth aggregation.
Proposal 9: RAN1 does not support further configuration restriction as conditions to support UL SRS bandwidth aggregation.

Linkage information
RAN1discussed the necessity on the linkage information to inform UE that the linked SRSs across CCs will be used for bandwidth aggregation and made the following agreement.
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

We have the similar view to the DL case. Similar to the DL PRS, in our understanding the link for BW aggregation should look something like this: 
(CC #1, SRS resource set ID, SRS resource ID(s)) ß linkage à (CC #2, SRS resource set ID, SRS resource ID(s)).
Proposal 10: RAN1 should support the link is per SRS resource basis (option 3). 
UL Measurement 
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

The RSRP of each carrier may be reported individually as part of the measurement report. If this is the case, then there is no need to report the joint RSRP across the carriers. In our understanding this does not have any technical significance.   
Proposal 11: If the reporting of RSRP per CC is default, no need to report a joint RSRP across CCs.
At a given time a TRP may not be able to process all carriers jointly for a given measurement. For example, a conflict may arise on one carrier, or the UE may have only transmitted on one carrier due to conflicts or power restrictions. In these cases, if the TRP aggregates a subset of carriers it is useful for the LMF to know this information. Based on the current agreement, if the gNB reports only whether the measurement is aggregated or not, there is no way for LMF to know how many CCs are aggregated to perform this joint measurement. In the measurement report, the gNB should report CC IDs to indicate which CCs are used to perform joint measurement.
Proposal 12: Support in a measurement report, the gNB reports CC IDs to indicate which CCs are used to perform the joint measurement.
Overhead reduction 
RAN1 made the following agreement to reduce the signaling overhead at the previous meeting.
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

For linked SRS resources across CCs it does not make sense to require the need to trigger each CC separately if they will be transmitted at the same time. This seems to be the common understanding in RAN1 as it was agreed that a single MAC CE can active linked carriers. In this case the UE should be triggered to transmit link SRS resources via DCI as well.  
Proposal 13: RAN1 supports single DCI triggering aperiodic positioning SRS resources across multiple carriers.

Power Control 
RAN1 made the following agreement on the power control issue for SRS bandwidth aggregation. 
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 14: 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.

UE behavior with SRS dropping 
RAN1 made the following agreement at RAN1#112-bis meeting.

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

Although the UE still transmits the SRS in other carriers, the gNB can select and filter a specific measurement sample if the gNB cannot successfully perform the joint measurement, so there is no ambiguity on the gNB measurement behavior. If the UE transmits a part of SRS, at least the gNB can consider whether to use the partially transmitted SRS, so support Alt.2. 
Proposal 15: Support Alt.2.
Timing Error Group (TEG) issue for both DL and UL.
RAN1 made the following agreement on the TEG issue:

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
 In Rel-17 WI, RAN1 spent a lot of time and effort introducing TX and/or RX timing error group (TEG) concept to NR positioning. The Tx timing error includes a time delay from a signal generation at baseband to the actual transmission time at the antenna, and it may be affected by various factors such as a physical signal path length from antenna to signal generation part, and carrier frequencies. The TEG information may enable the LMF to perform further differential measurements such as combining RSTD measurements which are associated with the same RX TEG. 
 However, it should be noted that the TX / RX TEG is defined and reported per PFL-level. Across multiple PFLs, even if two different Tx TEGs have the Tx TEG ID, it does not mean they are the same TEG. It would make sense as the timing error is affected by the frequency, and different PFLs would be different CCs. For the bandwidth aggregation of PRS resources, the PRS resources may be transmitted via different Tx TEG. Then we may have a question on how to define the TEG of the measurement from the aggregation of the two PRS resources. That is, it is questionable how much timing error the LMF should consider for this measurement. In Rel-18, RAN1 should discuss this issue.
Proposal 16: RAN1 supports a single TEG ID reporting across multiple PFLs.
Conclusions
In this paper we make the following observations and proposals: 
Proposal 1: RAN1 does not support further configuration restriction as conditions to support DL PRS bandwidth aggregation.

Proposal 2: To support multiple IFFT/FFT bandwidth aggregation operations, introduce indicator to inform UE to use IFFT/FFT sizes per PFL operation in accordance with the aggregated PFL bandwidth. 
Proposal 3: For the enhancement of DL PRS configuration to inform UE by LMF which PFLs are linked, support option 3 (per the link is per TRP within the PFL and per PRS resource basis. 
Proposal 4: If the reporting of RSRP per frequency layer is default, no need to report a joint RSRP across PFLs.

Proposal 5: In a measurement report, the UE reports PFL ID(s) to indicate which PFLs are used to perform the joint measurement.
Proposal 6: For RRC_INACTIVE UE, RAN1 should introduce a measurement window configuration and indicator to support DL PRS measurement outside of the initial BWP. 
· The UE is expected to be configured with enough RF switching time for DL PRS measurement within the configured window.
· The indicator in the configuration indicates if the UE is allowed to stay outside of DL BWP within the window or if it should switch back to the DL BWP within the window.
Observation 1: The Rel-16/17 UE is not expected to receive multiple DL PRS resources across multiple PFLs on the same symbols.
Proposal 7: RAN1 should specify solutions to support PRS bandwidth aggregation for PPW-based PRS bandwidth aggregation.
Proposal 8: Support Alt. 2 and reporting PFL IDs aggregated to perform joint measurements.
Proposal 9: RAN1 does not support further configuration restriction as conditions to support UL SRS bandwidth aggregation.
Proposal 10: RAN1 should support the link is per SRS resource basis (option 3).
Proposal 11: If the reporting of RSRP per CC is default, no need to report a joint RSRP across CCs.
Proposal 12: Support in a measurement report, the gNB reports CC IDs to indicate which CCs are used to perform the joint measurement.
Proposal 13: RAN1 supports single DCI triggering aperiodic positioning SRS resources across multiple carriers.
Proposal 14: 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.
Proposal 15: Support Alt.2.
Proposal 16: RAN1 supports a single TEG ID reporting across multiple PFLs.
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