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Introduction
The Rel-18 NR expanded and improved positioning WID was agreed upon during the RAN#98-e [1] meeting, where one of the objectives included the support of enhanced accuracy via DL PRS/SRS bandwidth aggregation as highlighted below:
	The specific objectives of this work item are:
· 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 provides a discussion on the certain issues to consider for supporting PRS/SRS bandwidth aggregation for enhanced accuracy.
Discussion
Background
The following RAN1 impacts were identified during the Rel-17 NR positioning enhancements study in terms of the aggregation of DL PRS and SRS for positioning resources [2]:
	10.3	Aggregation of DL PRS resources
Simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs can be studied further and if needed, specified during normative work
-From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, bands and RF architectures, can be further studied 
10.4	Aggregation of SRS for positioning resources
Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers can be studied further and if needed, specified during normative work.
-From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, particular bands and RF architectures, can be further studied.


In addition, RAN4 continued the study in Rel-18 by investigating the RF and RRM aspects [3]. RAN4 has studied the RF aspects of PRS/SRS bandwidth aggregation for intra-band contiguous carriers and determined that it is feasible for single chain Tx/Rx architectures at both the UE and gNB, with the assumption that the PRS/SRS resources are transmitted from a single Tx antenna.
From an RRM perspective, the following assumption are required in order to enable DL PRS aggregation of resources:
· The use of a common numerology across all intra-band continuous PFLs to be aggregated.
· Different intra-band continuous PFLs may have:
· Different PRS PRBs in each PFL
· To require transmissions within the same slot and overlapping symbols
· To require transmissions from the same TRP with a common ARP
Similar aspects for SRS aggregation also hold true with the exception of the transmission from the same TRP, which is only applicable for gNB transmission and not UE transmission. There is a flexibility in implementation in terms of choice of FFT/IFFT size for processing the multiple DL PRS PFLs or SRS carriers. In addition, PRS/SRS aggregation may be considered feasible in RRC_CONNECTED or RRC_INACTIVE states. 
Enhancements
The WID objective specifies the aggregation of up to 3 intra-band contiguous PFLs/carriers, which may be utilised to derive positioning measurements. A key advantage of multi-carrier positioning is the ability to leverage wider bandwidths to improve the CIR (Channel Impulse Response) resolution of the received and thus resolve the different paths in more accurate thus improving the overall positioning accuracy. This is particularly beneficial for time-based positioning measurements, where the utilised bandwidth is proportional to the positioning accuracy. The RAT-dependent positioning measurements, which leverage DL-PRS/SRS bandwidth aggregation measurements include:
· DL-PRS PFL Aggregation
· DL RSTD 
· UE Rx-Tx time difference 
· SRS Carrier Aggregation
· UL-RTOA 
· gNB Rx-Tx time difference 
Proposal 1: RAN1 to confirm the following RAT-dependent measurement are least supported for bandwidth aggregation:
· For DL-PRS PFL aggregation: DL RSTD and UE Rx-Tx time difference
· For SRS for positioning carrier aggregation:  UL-RTOA and gNB Rx-Tx time difference
A key issue includes the different bandwidth combinations that may be accommodated within the same band. Various band combinations can be used to aggregate multiple PFLs from the intra-band contiguous frequency bands to create a wider channel bandwidth. These band combinations are defined based on the frequency range and the number of frequency bands used as noted in Table 5.5A.2-1 of Clause 5.5A.2 TS 38.101 [3]. Given that up to 3 PFLs may be aggregated, different band combinations should be further discussed.
Proposal 2: RAN1 to consider the different band combinations required to support DL-PRS aggregation of up to 3 PFLs.
The PCell and PSCell are both types of cells that can be used to support carrier aggregation (CA) to improve data rates and coverage. The PCell is the primary cell used for enabling initial access and responsible for managing the signalling and data transfer for the user equipment (UE). The PCell is typically associated with a high-bandwidth carrier and is responsible for the primary radio link. The Primary Secondary Cell (PSCell) is an additional cell that is used in conjunction with the PCell to provide higher data rates and coverage. The PSCell can be associated with a carrier of lower bandwidth and is responsible for providing additional capacity to the UE. The PSCell can also be used to provide coverage in areas where the PCell signal is weak or not available. In the case of positioning, the coordination between one or more PCells forming a PCG and one or more PSCells forming a SCG to aggregate the DL-PRS PFLs may require further discussion. The LMF may coordinate directly with the respective NG-RAN nodes, and exchange the carrier/PFL related information, e.g., which PFLs/carriers to activate/deactivate. These impacts may also require RAN3 coordination.
Proposal 3: RAN1 to consider the configuration and coordination details required to enable DL-PRS PFL aggregation. FFS details such as which PFLs/carriers to activate/deactivate. RAN3 coordination may be required.
In the case of measurement reporting, a target UE may also need to report the PFL/carrier indication in order for the LMF to understand the involved PFLs/carrier that were employed to perform the aggregated time-based positioning measurements. For example, the carrier indication may be included in the DL-TDoA or Multi-RTT report sent by the UE to the LMF and may include the PCell and SCell group identifiers or a CA configuration identity associated with the measurements. This may also extend to the UL-based positioning aggregation.
Proposal 4: RAN1 to support measurement identifiers related to the PFLs/carriers aggregated when performing the respective time-based RAT-dependent positioning measurements.
 From a feature perspective, it would also be beneficial for the LMF to understand which of the PFL band combinations are supported by the UE as different types of UEs may support different band combinations for enabling higher accuracy positioning. The LMF and UE may use existing signalling mechanism to exchange such band combination capabilities for the purposes of positioning.
Proposal 5: Support PFL band combination set UE capability signalling for positioning.
Conclusions
The proposals related to the discussed PRS/SRS bandwidth aggregation paper are summarized as follows:
Proposal 1: RAN1 to confirm the following RAT-dependent measurement are least supported for bandwidth aggregation:
· For DL-PRS PFL aggregation: DL RSTD and UE Rx-Tx time difference
· For SRS for positioning carrier aggregation:  UL-RTOA and gNB Rx-Tx time difference  

Proposal 2: RAN1 to consider the different band combinations required to support DL-PRS aggregation of up to 3 PFLs.

Proposal 3: RAN1 to consider the configuration and coordination details required to enable DL-PRS PFL aggregation. FFS details such as which PFLs/carriers to activate/deactivate. RAN3 coordination may be required.

Proposal 4: RAN1 to support measurement identifiers related to the PFLs/carriers aggregated when performing the respective time-based RAT-dependent positioning measurements.

Proposal 5: Support PFL band combination set UE capability signalling for positioning.
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