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1. Introduction 
In RAN#98 meeting a work item on Expanded and Improved NR Positioning was approved [1]. For positioning accuracy improvement, it was agreed to specify PRS/SRS bandwidth aggregation for positioning measurements across multiple carriers as follows:
	· 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].


During the study item phase, RAN4 studied several aspects of the feasibility of PRS/SRS bandwidth aggregation support [2]. As a conclusion, it was agreed that PRS/SRS bandwidth aggregation for intra-band contiguous carriers is feasible considering timing error, phase coherency, frequency errors, power imbalance, etc. 
In this contribution, we discuss aspects that would be required to support PRS/SRS bandwidth aggregation from RAN1 perspective. 

2. Discussion
DL PRS bandwidth aggregation
RAN4 studied feasibility of PRS/SRS bandwidth aggregation for intra-band contiguous carrier toward for higher accuracy positioning. From RF aspects, it was concluded that PRS/SRS bandwidth aggregation for intra-band contiguous carriers is feasible for single chain Tx/Rx architectures at both the UE and gNB. In terms of RRM, RAN4 also concluded bandwidth aggregation is feasible when a common numerology is assumed across all intra-band contiguous PFL transmitted by the same TRP. To utilize DL PRS bandwidth aggregation, not only the TRPs but also the UEs who measure the DL PRS have to know which set of resources would be transmitted with same Tx antenna chain. 
In NR, maximum 64 TRP ID (i.e. dl-prs-ID) can be configured for a PFL and up to 4 PFLs can be configured. As discussed above, a set of DL PRS resources from different PFLs transmitted by the same TRP is required for bandwidth aggregation. However, the current specification does not provide a way for the UE to assume the same TRP for TRPs belonging to different PFLs. Since the baseline assumption for bandwidth aggregation requires gNB to transmit DL PRSs of different PFLs with single Tx chain, it would be necessary to introduce information for same TRP assumption. 
To support DL PRS BWP aggregation, assigning indicator per TRP could be considered. If TRPs in different PFLs share same BWP aggregation indicator, then UE can assume single Tx chain for PRS resources for BWP aggregation. Note that BW aggregation for different PRS resources with same BWP aggregation indicator from different PFLs is only allowed when condition for DL PRS aggregation that was agreed in a previous RAN1 meeting are satisfied. 
Proposal 1: Support DL PRS BWP aggregation indicator configuration per TRP basis.
· If different TRP from different PFLs shares same DL PRS BWP aggregation indicator, than UE can assume single Tx chain for PRS resources from different PFLs
In a previous RAN1 meeting, it was agreed to support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods. UE measurement using DL PRS aggregation requires additional UE behaviour. If UE is not able to measure one of the PFL of BW aggregation due to the event that LMF cannot forecast, it would be beneficial for the UE to report the information on the event to the LMF. 
Proposal 2: Support PFL aggregation indication in a measurement report to indicate whether/which PFLs are aggregated for the PRS measurement
For NR positioning in Release 16/17, the positioning measurement reports include information about the measured PRS resources, such as TRP ID, PRS resource (Set) ID, time stamp, and other data, which could be helpful to LMF in achieving more accurate positioning. Since multiple PRS resources from different PFLs are used to obtain a measurement for PRS bandwidth aggregation, it is necessary to discuss how to report information on the PRS resources used. The details on measurement reporting enhancement should be determined based on how to set linkage between PRS resources for BW aggregation. 
Proposal 3: Discuss the necessary information to be included in positioning measurement reports when utilizing DL PRS bandwidth aggregation

UL SRS
[bookmark: _Hlk127540139]To take advantage of UL SRS bandwidth aggregation, gNBs which receive the SRS shall be able to assume UE behavior in advance. Since the UL SRS is configured, activated and triggered by gNB, it can configure a UE to perform SRS bandwidth aggregation for a set of SRS resources. For example, SRS resource (set) configuration contains association information for other SRS resources (sets) could be introduced to UE determining bandwidth aggregation behavior. Details how to design the association information regarding SRS bandwidth aggregation should be discussed further. 
Currently, multiple DCI transmission/reception is required to trigger aperiodic SRS for positioning for multiple carriers. If SRS BW aggregation is supported between aperiodic SRS resources from multiple carriers without modification, UE shall success decoding both DCIs from different carriers. However, if UE misses one of the DCIs, UE will transmit only one SRS for positioning while gNBs try to detect BW aggregated SRS resources. Moreover, individual SRS scheduling would not beneficial from resource overhead perspective. Hence, it would be beneficial to support a single DCI scheduling positioning SRS across the linked carriers. 
Proposal 4: gNB should configure sets of SRS resources for the UE to transmit with a single Tx chain in order to support SRS bandwidth aggregation
Proposal 5: Support a single DCI scheduling positioning SRS across the linked carriers.

3. Conclusion
In this contribution, we discussed on potential enhancements on PRS/SRS bandwidth aggregation for positioning measurements. From the discussion, we obtained following proposals: 
Proposal 1: Support DL PRS BWP aggregation indicator configuration per TRP basis.
· If different TRP from different PFLs shares same DL PRS BWP aggregation indicator, than UE can assume single Tx chain for PRS resources from different PFLs
Proposal 2: Support PFL aggregation indication in a measurement report to indicate whether/which PFLs are aggregated for the PRS measurement
Proposal 3: Discuss the necessary information to be included in positioning measurement reports when utilizing DL PRS bandwidth aggregation
Proposal 4: gNB should configure sets of SRS resources for the UE to transmit with a single Tx chain in order to support SRS bandwidth aggregation
Proposal 5: Support a single DCI scheduling positioning SRS across the linked carriers.
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