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Introduction
At the RAN#98-e meeting, the participants reached a consensus on the new Work Item Description (WID) for Rel-18 NR positioning [1]. This work includes the following objectives related to improving accuracy:
	· 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].
· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


In this proposal, we will present our views on carrier aggregation positioning in Rel-18 NR positioning, focusing primarily on the discussion of time error-related aspects in carrier aggregation.
Time error in carrier aggregation
2.1 Slot offset
In LTE CA and Rel-15 NR CA, when multiple carriers are aggregated, it is necessary to align the system frame and time slots of multiple carriers. This is illustrated in Figure 1 below. 
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a).The system frame and time slots are aligned for both BW A and B, with a subcarrier spacing of 15 kHz.
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b).The system frame and time slots are aligned for both BW A and B, with a subcarrier spacing of 15 kHz and 30 kHz, respectively.
Figure 1. Carrier aggregation with system frame and time slot alignment
During the LTE and Rel-15 phases, carrier aggregation must satisfy the above conditions, which imposes strict requirements on practical network deployment. The implementation conditions for the above synchronization are relatively stringent. If the system frames and time slots of the two carrier components cannot be aligned due to possible timing synchronization issues between base stations or other factors, the goal of carrier aggregation cannot be achieved effectively.
Therefore, asynchronous carrier aggregation with time slot alignment and partial SFN alignment is supported in Rel-16, as shown in Figure 2.
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a).BW A and B with time slot alignment and partial system frame alignment, with a subcarrier spacing of 15 kHz.
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b). BW A and B with time slot alignment and partial system frame alignment, with a subcarrier spacing of 15 kHz and 30 kHz, respectively.
Figure 2. Carrier aggregation with time slot alignment and partial system frame alignment
Rel-16 introduces asynchronous carrier aggregation with support for multiple subcarrier spacings, such as when the subcarrier spacing of the primary cell and the secondary cell are different. Different subcarrier spacings can result in different granularities for the time slot offset. When determining the granularity of the time slot offset between the primary and secondary cells, the smallest subcarrier spacing is selected for both the primary and secondary carriers. The maximum value of the smallest subcarrier spacings of the primary and secondary cells is then used as the subcarrier spacing corresponding to the time slot offset. This support method relaxes the conditions for carrier aggregation, no longer imposing overly stringent requirements on network deployment and timing.
Observation 1: Relaxing the requirements for network deployment and timing has expanded the conditions for carrier aggregation, but there may be some trade-offs or losses as a result of relaxing these conditions.
Proposal 1: The difference in positioning performance between carrier aggregation with system frame and slot alignment and carrier aggregation with partial system frame and slot alignment should be evaluated.
Proposal 2: The reporting of the time slot offset should be supported for use in the calculation of carrier aggregation positioning.
[bookmark: _Hlk127448533]2.2 TEG problem in carrier aggregation
In NR positioning, to conduct further measurements, RAN1 introduced the concept of Transmit and/or Receive Timing Error Groups (TEGs). These errors originate from the delay between signal generation and actual transmission to the antenna and can be influenced by various factors such as physical signal path length and carrier frequency. By using TEG information, the location measurement function (LMF) can perform more accurate measurements, such as combining RSTD measurements associated with the same RX TEG. However, it should be noted that TX/RX TEGs are defined and reported at the PFL level, and even if two different Tx-TEGs have the same Tx-TEG ID, they may not be the same. This is because timing errors are influenced by frequency, and different PFLs correspond to different CCs. Therefore, when aggregating bandwidth PRS resources, different Tx TEGs should be used to transmit them.
Proposal 3：RAN1 should consider introducing the TEG concept on the PFL to mitigate the Tx timing error of PRS resources sent from different PFLs.
Proposal 4: The PFL aggregation index should be supported in the measurement report, and the decision on which PFLs to aggregate should be based on different Tx-TEG information and index information.
In RAN1#112, the following agreements [2] have been reached.
	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 


We believe that for periodicity and slot offset, it is not necessary to restrict different PRS resources belonging to the aggregated PRS resources to the same periodicity and slot offset. This means that different PRS resources can have different periodicity and slot offsets, and UE can perform aggregated reception based on overlapping PRS transmission timing. However, we need to consider the impact of this approach on location functionality.
For the muting pattern, we believe that different periodicity and slot offsets can be configured, but the impact on the location functionality needs to be considered since these settings will affect the reception of aggregated PRS resources.
Proposal 5: Different PRS resources belonging to the aggregated PRS resources can have different periodicity and slot offset, but the impact on location performance should be considered.
[bookmark: _Hlk127450267]Conclusion
Observation 1: Relaxing the requirements for network deployment and timing has expanded the conditions for carrier aggregation, but there may be some trade-offs or losses as a result of relaxing these conditions.
Proposal 1: The difference in positioning performance between carrier aggregation with system frame and slot alignment and carrier aggregation with partial system frame and slot alignment should be evaluated.
Proposal 2: The reporting of the time slot offset should be supported for use in the calculation of carrier aggregation positioning.
Proposal 3：RAN1 should consider introducing the TEG concept on the PFL to mitigate the Tx timing error of PRS resources sent from different PFLs.
Proposal 4: The PFL aggregation index should be supported in the measurement report, and the decision on which PFLs to aggregate should be based on different Tx-TEG information and index information.
Proposal 5: Different PRS resources belonging to the aggregated PRS resources can have different periodicity and slot offset, but the impact on location performance should be considered.
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