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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 [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
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634][bookmark: Proposal98262][bookmark: Proposal38119]Bandwidth Aggregation of DL PRS
 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. Thus, the minimum specification impact might be additional signaling which is enabling the LMF to request the UE to report DL positioning measurements for the aggregated PRS resources across multiple PFLs. In addition, it might be necessary for UE to know which PFLs it tries to measure positioning measurement by aggregating the PRS resources or how many PFLs the UE should consider for the bandwidth aggregation to satisfy a positioning requirement.

Proposal 1: Rel-18 NR positioning supports new LPP signaling for LMF to request UE and for UE to report positioning measurements measured from aggregated PRS resources across multiple PFLs. The signaling may at least include PFL ID(s), TRP ID, PRS resource info.

 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.
The different bandwidth of PRSs across multiple PLFs may be an issue while aggregating the multiple PFLs. For example, this could be due to the use of different sampling rates in different PFLs according to their bandwidths, which would sample channel with different resolutions resulting into different delay bins. Thus, aggregating the PRSs/PFLs which are sampled with different resolution, the accuracy of the delay estimate might be limited by the PRS/PFL with the largest bandwidth (not the total bandwidth of PFLs). In this case, the aggregation of PFL may provide diversity gain from multiple PFLs, not the positioning accuracy improvement proportional to the total aggregated bandwidth. Same issue would be there in PFLs with the symmetric bandwidth, if each PFL is not sampled according with the total aggregated bandwidth. Hence, to take the maximal benefit of bandwidth aggregation, the sampling rate of each PFL need to be at least proportional to the total aggregated bandwidth. Another factor that will have significant impact could be the phase coherence issue among different PFLs. Thus, RAN1 needs to consider the UE behavior for sampling rate adoption in different PFLs, and PRS resource aggregation strategy to minimize the impact of phase coherency issues for positioning measurements.

Proposal 2: RAN1 should investigate the impact on the accuracy of the positioning measurement by bandwidth aggregation, based on measurement across multiple PFLs with different bandwidths (e.g., adopted sampling rate in each PFL). 
Proposal 3: RAN1 should identify the potential solution to minimize the impact of phase coherency between PFLs to the positioning measurements. 
In addition, based on the WID, bandwidth aggregation is also supported for UEs in RRC inactive mode. 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. The UE is not mandated to measure DL PRS outside of the initial BWP, and this issue should be discussed to support bandwidth aggregation.
Observation 2: Rel-16/17 UEs in RRC inactive mode are not mandated to measure PRS resources outside of the initial DL BWP.
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 in order to measure from aggregated DL PRS resources and also needs to consider coordination between the gNB and the LMF.
Proposal 4: RAN1 should specify solutions to support PRS bandwidth aggregation for both within the MG configuration and outside the MG. 
Bandwidth Aggregation of UL SRS
 The gNB can configures multiple positioning SRS resources across multiple component carriers (CCs), but the gNB does not need to obtain positioning measurements over aggregated SRS resources. Similar to the DL case, the minimum specification impact might be additional signaling which is enabling the LMF to request the gNB to report UL positioning measurements for aggregated SRS resources across multiple CCs. In addition, additional signaling might be necessary for the gNB to determine the size of bandwidth of SRS transmission, which is necessary when the gNB configures the positioning SRS resources.

Proposal 5: Rel-18 NR positioning should support new NRPPa signaling for LMF to request the gNB and for the gNB to report UL positioning measurements from aggregated SRS resources across multiple CCs.

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.  

Proposal 6: RAN1 should consider any potential power control issues related to the SRS bandwidth aggregation. 
Timing Error Group (TEG) for multiple CCs.
 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 7: RAN1 should investigate the TEG-related timing error of a positioning measurement from the aggregated PRS resources across different PFLs
· Note: The same TEG ID in the different PFLs does not mean the same TEG.
Conclusions
In this paper we make the following observations and proposals: 
Observation 1: The Rel-16/17 UE is not expected to receive multiple DL PRS resources across multiple PFLs 
Observation 2: Rel-16/17 UEs in RRC inactive mode are not mandated to measure PRS resources outside of the initial DL BWP.
Proposal 1: Rel-18 NR positioning supports new LPP signaling for LMF to request UE and for UE to report positioning measurements measured from aggregated PRS resources across multiple PFLs. The signaling may at least include PFL ID(s), TRP ID, PRS resource info.
Proposal 2: RAN1 should investigate the impact on the accuracy of the positioning measurement by bandwidth aggregation, based on measurement across multiple PFLs with different bandwidths (e.g., adopted sampling rate in each PFL). 
Proposal 3: RAN1 should identify the potential solution to minimize the impact of phase coherency between PFLs to the positioning measurements. 
Proposal 4: RAN1 should specify solutions to support PRS bandwidth aggregation for both within the MG configuration and outside the MG. 
Proposal 5: Rel-18 NR positioning should support new NRPPa signaling for LMF to request the gNB and for the gNB to report UL positioning measurements from aggregated SRS resources across multiple CCs.

Proposal 6: RAN1 should consider any potential power control issues related to the SRS bandwidth aggregation. 

Proposal 7: RAN1 should investigate the TEG-related timing error of a positioning measurement from the aggregated PRS resources across different PFLs
· Note: The same TEG ID in the different PFLs does not mean the same TEG.
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