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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 requests 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 requests 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. 
Clarification of Work Scope
According to the WID, the work scope is restricted in the boundary that “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”, the words “respectively” in the brackets may cause some confusion. Since SRS positioning frequency layer is not defined, whether the association relationships can be interpret as:
	Resource type
	Unit of bandwidth aggregation
	Tx/Rx using a single RF chain

	PRS resources
	PFLs
	Be received

	SRS resources
	carriers
	Be transmitted


Alternatively, it can be interpret as:
	Resource type
	Unit of bandwidth aggregation
	Tx/Rx using a single RF chain

	PRS resources
	PFLs/carriers
	Be transmitted and received

	SRS resources
	carriers
	Be transmitted and received


We suggest to clarify the work scope to avoid expanding the boundary.
Proposal 1: Suggest to clarify whether the Unit of bandwidth aggregation for PRS resources are PFLs/carriers and the aggregated resources are transmitted and received using a single RF chain.
Proposal 2: Suggest to clarify whether the Unit of bandwidth aggregation for SRS resources are only limited to carriers and aggregated resources are transmitted and received using a single RF chain..
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 is 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 3: Suggest to clarify whether only measurement gaps is supported to measure PRS when bandwidth aggregation is enabled, or PRS processing window is also supported.
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].
[bookmark: _GoBack]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. 
Proposal 4: For PRS/SRS bandwidth aggregation, a common numerology, different bandwidth and a single FFT size across different PFLs/carriers can be the starting point in RAN1.
The impact on the time-based measurement results
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 5: Support UE and gNB sending to the LMF an aggregated PFLs/carriers indication associated with the measurements results to enhance the positioning accuracy.
According to the definition from TS 38.215, RSTD measurement is the time difference between the starting time of one subframe from one transmission point and the starting time of one subframe from another transmission point. Besides, the UL RTOA is defined as the time difference between the beginning of subframe containing SRS and the nominal beginning time of SFN 0 provided by SFN Initialization Time and a pre-configured parameter. When the timing errors and frequency offsets from different PFLs/carriers are different, the combination of the measurement results may encounter some synchronization problems. As a result, the impact of the possible timing error/frequency offset between PRS from different PFLs and SRS from different carriers in single RF chain (Tx/Rx) architecture should be studied further to obtain accurate starting time of subframe containing PRS/SRS.
Propose 6: Study specification impact for possible timing error/frequency offset between PRS from different PFLs and SRS from different carriers in single RF chain (Tx/Rx) architecture to obtain accurate starting time of subframe containing PRS/SRS.
Conclusion
This contribution discusses the solutions for PRS/SRS bandwidth aggregation techniques. Observations and proposals are summarized as follows: 
Proposal 1: Suggest to clarify whether the Unit of bandwidth aggregation for PRS resources are PFLs/carriers and the aggregated resources are transmitted and received using a single RF chain.
Proposal 2: Suggest to clarify whether the Unit of bandwidth aggregation for SRS resources are only limited to carriers and aggregated resources are transmitted and received using a single RF chain.
Proposal 3: Suggest to clarify whether only measurement gaps is supported to measure PRS when bandwidth aggregation is enabled, or PRS processing window is also supported.
Proposal 4: For PRS/SRS bandwidth aggregation, a common numerology, different bandwidth and a single FFT size across different PFLs/carriers can be the starting point in RAN1.
Propose 5: Support UE and gNB sending to the LMF an aggregated PFLs/carriers indication associated with the measurements results to enhance the positioning accuracy.
Propose 6: Study specification impact for possible timing error/frequency offset between PRS from different PFLs and SRS from different carriers in single RF chain (Tx/Rx) architecture to obtain accurate starting time of subframe containing PRS/SRS.
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