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Introduction
In the approved new WI for expanded and improved NR positioning [1], one important direction is to study solutions for PRS/SRS bandwidth aggregation techniques.· 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].


This contribution discusses aspects related to PRS/SRS bandwidth aggregation techniques.
Background
For DL PRS configuration, the UE can be configured with one or more DL PRS positioning frequency layers (PFLs) by the higher layer, and the maximum PFL value can be 4 as defined in TS 37.355. Moreover, the PRS in a same PFL should be configured with a common subcarrier spacing, DL-PRS bandwidth, start PRB, PointA, comb size N and CyclicPrefix. According to the WID, the maximum number of intra-band contiguous PFL is three, and the PRS transmitted in the aggregated PFL should be restricted to a single RF chain within the same TRP.
When the UE is expected to measure the DL PRS resource, UE may request activation or deactivation the preconfigured measurement gaps and measure the DL PRS resource outside the active DL BWP or with a different numerology from the numerology of the active DL BWP. Otherwise, UE may request activation or deactivation the preconfigured DL PRS processing window and measure the PRS within the DL PRS processing window outside the measurement gap if the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP. Moreover, the UE is only expected to measure a single DL PRS PFL inside a PRS processing window defined in Rel-17.
For SRS for positioning configuration, the UE is only expected to transmit SRS within the active UL BWP of a CC in RRC_CONNECTED mode in Rel-16. For further enhancement, it has been supported that the UE may be configured with an SRS resource for positioning inside the initial UL BWP with the same CP and numerology or outside the initial UL BWP with additionally configured frequency location, bandwidth, numerology, and CP length during RRC_INACTIVE mode in Rel-17. Moreover, the SRS resource for positioning outside the initial BWP in RRC_INACTIVE mode is configured in the same band and CC as the initial UL BWP. The WID also noted that the maximum number of intra-band contiguous carriers is three and the SRS transmitted in the aggregated CC should be restricted to a single RF chain within the same TRP. 
PRS/SRS Resource Pattern Continuity with bandwidth aggregation 
In the last meeting, the following agreements for enable PRS bandwidth aggregation were achieved:
	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
· [bookmark: _Hlk131165237]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


Based on the above agreement, one of the remain issue is how to maintain contiguous PRS/SRS pattern across aggregated bandwidths. Considering that each PRS/SRS resource can be configured with a specific starting RE offset of the first symbol of the resources in frequency domain, when the bandwidth aggregation is enabled, the most straightforward way to ensure the contiguous of the PRS/SRS pattern is to follow the starting RE offset for a preconfigured reference PFL/CC. However, it should be noted that when there are some guard tones between the aggregated PFLs/CCs, the contiguous of the PRS/SRS pattern will still be broken although it follows a same comb-size and starting RE offset. To solve this issue, the aggregated PFL/CC may have to cut off the remainder of guard tones versus comb-size to be a continuous aggregated PFLs/CCs. That is to say, the new starting point of the aggregated PFL/CC should be the original starting point plus the remainder of guard tones versus comb-size, the relationship can be shown in the figure 3.1(a).
In addition, when there are different point A for the aggregated PFLs, the PRS pattern may overlap with each other. Therefore, the problem of PRS/SRS pattern discontinuity is caused although same comb-size and starting RE offset is configured. To ensure the pattern continuity, the aggregated PFL with higher carrier frequency should be dropped the overlapped frequency resource first to obtain a new starting point, and then recalculate the starting point of the aggregated PFL with higher carrier frequency as the new starting point plus the remainder of the number of the overlapped carriers versus comb-size, the relationship can be shown in the figure 3.1(b).
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Figure 3.1
Proposal 1: To maintain contiguous PRS/SRS pattern across aggregated bandwidths, the start point of the aggregated PFL/CC should be further discussed;
In addition, on top of the items being discussed for facilitate the BA, in order to enable SRS bandwidth aggregation between SRS in two or three carriers, there is one more item to be considered, which is that these aggregated carriers should belong to the same TAG from UE perspective. Since the SRS BA requests UE to transmit larger bandwidth SRS signal in the same symbol across multiple carriers/bands, adjust the TA within the same symbol is almost impossible and the transmitted SRS could not be regarded as from same node even it’s doable. So we think this is important to be the condition/status for these bands to be aggregated.
Proposal 2:  To enable SRS bandwidth aggregation between SRS in two or three carriers, the aggregated carriers should be belonging to the same TAG from one UE perspective;
The link relationship across PFLs/carriers
During the RAN1 112 meeting, the study on the link relationship between the aggregated PFLs/CCs was agreed as following:
	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.



To aggregate PRS/SRS resources for time-based positioning measurement, the association relationship among TRP, PRS/SRS resource set and PRS/SRS resource should be further clarified. Since we have already agreed that PRS bandwidth aggregation is performed within a same TRP in the last meeting, aggregated with all TRP seems unnecessary and reduce the flexibility of the aggregation. Therefore, the PRS/SRS bandwidth aggregation should be performed as pre TRP basis. For the link with PRS resource set basis or PRS resource basis in different PFLs/CCs, we think that link PRS/SRS resource set is enough for aggregated measurement since the PRS/SRS resource can be easily align or link with a same start PRB in frequency. 
In addition, to align or link the PRS/SRS resource with bandwidth aggregation for positioning measurement，the PFL/CC can also use point A or just apply a link command indicated by gNB based on the aggregation of PRS/SRS resource sets in our opinion.
Proposal 3: For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE PRS resources from which two or three PFLs are linked per TRP basis and per PRS resource set basis;
Proposal 4: 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 per SRS resource set basis;
The impact on the PRS/SRS configuration
RAN4 has made some assumption for PRS bandwidth aggregation [2][3], it has been agreed that a common numerology and different bandwidth can be applied to the intra-band contiguous PFLs to be aggregated, which can be the starting point for bandwidth aggregation in RAN1. Furthermore, it should be noticed that the PRS resources from different PFLs to be aggregated are transmitted in the same slot and in the same symbols. Besides, the same assumption as PRS is agreed by RAN4 in SRS bandwidth aggregation. That is, only the SRS resources with same numerology in different CC can be aggregated in the same slot and same symbols, and the bandwidth of the aggregated SRS resources can be different [2][3].
According to the definition from TS 38.215, UE Rx-Tx time difference is defined as the time difference between the time of first detected path of the received downlink subframe and the closest time of transmit uplink subframe. And the gNB Rx-Tx time difference is defined as the time difference between the first detected path received timing of the uplink subframe containing SRS and the closest transmit timing of downlink subframe. When bandwidth aggregation is performed, one essential issue is how to define first detected path in time. If FFTs/IFFTs size for different PFLs/carriers are different, the first detected path in time for different PFLs/carriers are also different. It is necessary to further discuss which time point should be selected as the first detection path in time. Therefore, a single FFT size across different PFLs/carriers should be the starting point at the early stage. 
For the periodicity and slot offset of PRS and SRS resource, since the UE can only aggregate the PRS/SRS resource in a same symbol, the possibility to aggregate PRS/SRS resource across the PFLs/CCs is correspondingly reduced if different periodicity and slot offset are configured in different PFLs/CCs. In this case, fewer aggregation measurement occasion will lead to limited improvement in positioning accuracy. Therefore, the periodicity and slot offset of PRS and SRS resource should be the same when enable bandwidth aggregation between PRS/SRS in two or three different PFLs/CCs.
Proposal 5: To enable bandwidth aggregation between PRS/SRS in two or three different PFLs/CCs, a single FFT size, same periodicity and slot offset should also be satisfied.
The impact on the time-based measurement results
During the RAN1 112 meeting, we made the following agreements on joint time-based measurement and reporting for the aggregated PFLs/CCs as:
	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



Rel-16 specified solutions for NR Positioning with different time-based positioning methods, i.e. TDOA, Multi-RTT, etc. For different time-based positioning methods, UE will report time-based measurement results. For example, TDOA and Multi-RTT will report the time difference for multiple measurement to acquire the UE's position information. In Rel-17, for UE-based and UE-assisted positioning, UE support to report more than one measurement instance of RSTD and/or UE Rx-Tx time difference measurements in a single measurement report, and support a TRP to report more than one measurement instance of RTOA and/or gNB Rx-Tx time difference measurements in a single measurement report. To enhance the reliability of the measurement results, the calculation method of the measurement results should be reported to the LMF. That is to say, aggregated PFLs/carriers indication associated with the measurements results should be reported since the measurement results of the aggregated PFLs/carriers are more accurate than that of single PFL/carrier.
Propose 6: Support UE and gNB sending to the LMF an aggregated PFLs/carriers indication associated with the measurements results to enhance the positioning accuracy.
SRS power control enhancement
In the last meeting, the following agreements for SRS power control enhancement with bandwidth aggregation were achieved:
	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


To enable SRS bandwidth aggregation between SRS in two or three carriers, another issue that needs further discussion is whether to need the same pathloss RS, Po and alpha. If the pathloss RS on multiple carriers are the same, the Po and alpha should also be the same value in our opinion. If the pathloss RS on multiple carriers are different, there will be different time-based measurement results in different CC, which cannot be combined as a single measurement. Therefore, the pathloss RS, Po and alpha for SRS with bandwidth aggregation should be the same in our opinion. And the determination method of the same pathloss RS, Po and alpha for SRS with bandwidth aggregation should be studied further.
Propose 7: For the power control of an SRS for positioning configuration in aggregated carrier, study the determination method of the same pathloss RS, Po and alpha for SRS across different CC.
When the total uplink transmission power across multiple carriers exceeds P_c,max, SRS power control enhancement can be studied to reduce the interference at the gNB side. To solve this issue, the most straightforward way is to reduce the number of the aggregated CCs or reduce the transmission power in both/part of the aggregated CCs. As a result, the principle of selecting CC(s) for SRS transmission or for SRS transmission power reduction may need further discussion. For example, a priority principle can be studied to select which CC(s) can be aggregated for SRS transmission.
Propose 8: When the total uplink transmission power across multiple carriers exceeds P_c,max, the principle of selecting CC(s) for SRS transmission or for SRS transmission power reduction may need further discussion.
PRS/SRS priority and collision determination
For the PRS collision determination with other DL signals/channels across multiple PFLs in RRC_INACTIVE state, if a PRS resource instance collides with other DL signals/channels if any portion of the other DL signal/channel overlaps with the time interval starting X symbols before the PRS instance and ending X symbols after the PRS instance in one of the aggregated PFLs, the collision occurs between PRS and other DL signals/channels when PRS bandwidth aggregation is enabled. Taking into account nr-DL-PRS-ExpectedRSTD-Uncertainty and nr-DL-PRS-ExpectedRSTD.
For the SRS collision determination with other DL signals/channels and/or UL signals/channels across multiple CCs, if the transmission of SRS for positioning with the switching time collides in time domain with other DL signals or channels or UL signals or channels in one of the aggregated CCs, the collision occurs between SRS for positioning and other DL/UL signals/channels when SRS bandwidth aggregation is enabled.
Different from the priority of the SRS measured in a CC, the priority of the aggregated SRS across CCs can be determined as high priority. In this case, if any aggregated SRS resources across CCs, which is configured by the higher parameter SRS-PosResource, collides with a scheduled UL/DL signals/channels, the other UL/DL signals/channels is dropped in the symbols in the collide CC where the collision occurs. Otherwise, if the priority of the aggregated SRS across CCs is determined as low priority, when the UE determines the presence of other UL/DL signals and channels of higher priority than the SRS for positioning on a symbol configured with the SRS for positioning later than N symbols before the SRS for positioning symbols, the UE is not required to receive the other DL signals and channels and transmit the other UL signals and channels, and may transmit the SRS symbol for positioning and consider the SRS for positioning as higher priority in that symbol.
Proposal 9: For operation across CCs, if any aggregated SRS resources across CCs collides with a scheduled UL/DL signals/channels, the other UL/DL signals/channels is dropped in the symbols in the collide CC where the collision occurs.
Proposal 10: If the priority of the aggregated SRS across CCs is determined as low priority, when the UE determines the presence of other UL/DL signals and channels of higher priority than the SRS for positioning on a symbol configured with the SRS for positioning later than N symbols before the SRS for positioning symbols, the UE is not required to receive the other DL signals and channels and transmit the other UL signals and channels, and may transmit the SRS symbol for positioning and consider the SRS for positioning as higher priority in that symbol.
SRS Tx window for measurement
	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


	This issue is for separate SRS aggregation from communication CA. In the last meeting, companies discussed that whether to support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities. In order to find out the real impact, one issue needs to consider the priority of SRS is usually lower than other UL signals/channel, which means SRS for pos could easily being cancelled or interrupted. This is not desirable for the purpose of building BA for SRS. So that for better usage of the BA for SRS transmission, we think decoupling of SRS BA and CA could be helpful. 
In order to achieve this goal, a SRS transmit window may be configured for SRS bandwidth aggregation. Within this SRS Tx window (STW), we could consider SRS as higher priority. To minimize the impact to other signals, the configured could be more concentrated in the STW so that the needed transmission could be finished in a relatively short time so that the impact to/by other signals could be minimized. In addition, UE may be configured with numerology for SRS BA different with other DL/UL signal from the CA band, and UE could switch between the band to transmit SRS and the band to transmit UL signals or receive DL signals.
Proposal 11: Support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation and support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA, FFS, the details e.g., configuring SRS Tx window.
Clarification of Work Scope
In addition, since the WID point out that RAN4 should “Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting”, whether it means that only measurement gaps are supported to measure PRS when bandwidth aggregation is enabled. Alternatively, measurement gaps here is only refer to a measurement duration, which means that PRS processing window is also supported.
Proposal 12: Suggest to clarify whether only measurement gaps are supported to measure PRS when bandwidth aggregation is enabled, or PRS processing window is also supported.
Conclusion
This contribution discusses the solutions for PRS/SRS bandwidth aggregation techniques. Observations and proposals are summarized as follows: 
Proposal 1: To maintain contiguous PRS/SRS pattern across aggregated bandwidths, the start point of the aggregated PFL/CC should be further discussed;
Proposal 2:  To enable SRS bandwidth aggregation between SRS in two or three carriers, the aggregated carriers should be belonging to the same TAG from one UE perspective; 
Proposal 3: For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE PRS resources from which two or three PFLs are linked per TRP basis and per PRS resource set basis;
Proposal 4: 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 per SRS resource set basis;
Proposal 5: To enable bandwidth aggregation between PRS/SRS in two or three different PFLs/CCs, a single FFT size, same periodicity and slot offset should also be satisfied.
Propose 6: Support UE and gNB sending to the LMF an aggregated PFLs/carriers indication associated with the measurements results to enhance the positioning accuracy.
Propose 7: For the power control of an SRS for positioning configuration in aggregated carrier, study the determination method of the same pathloss RS, Po and alpha for SRS across different CC.
Propose 8: When the total uplink transmission power across multiple carriers exceeds P_c,max, the principle of selecting CC(s) for SRS transmission or for SRS transmission power reduction may need further discussion.
Proposal 9: For operation across CCs, if any aggregated SRS resources across CCs collides with a scheduled UL/DL signals/channels, the other UL/DL signals/channels is dropped in the symbols in the collide CC where the collision occurs.
Proposal 10: If the priority of the aggregated SRS across CCs is determined as low priority, when the UE determines the presence of other UL/DL signals and channels of higher priority than the SRS for positioning on a symbol configured with the SRS for positioning later than N symbols before the SRS for positioning symbols, the UE is not required to receive the other DL signals and channels and transmit the other UL signals and channels, and may transmit the SRS symbol for positioning and consider the SRS for positioning as higher priority in that symbol.
Proposal 11: Support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation and support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA, FFS, the details e.g., configuring SRS Tx window.
Proposal 12: Suggest to clarify whether only measurement gaps are supported to measure PRS when bandwidth aggregation is enabled, or PRS processing window is also supported.
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