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1. Introduction
At the RAN#99 meeting, revised WID on Rel-18 NR positioning was agreed [1]. The work item includes objectives related to improved positioning accuracy 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].
· 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 with measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].

In this contribution, we present our views on bandwidth aggregation for positioning measurements for Rel-18 NR positioning.

2. Tx conditions for PRS bandwidth aggregation
Regarding Tx conditions for PRS bandwidth aggregation, the following agreements were made at the last meeting [4].
Agreement
For PRS bandwidth aggregation between PRS in two or three different PFLs, the following are needed for the aggregated PRS resources for a TRP:
· The same periodicity and slot offset
· The same muting pattern
· The same NR-DL-PRS-SFN0-Offset value
· UE expects to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths in frequency domain (Note: It does not preclude dropping some REs in the guardband between two PFLs).
· FFS same antenna port from RAN1 perspective

The motivation of introducing same antenna port condition is to achieve phase continuity between PFLs. If the condition is introduced for PRS bandwidth aggregation feature, flexibility of PRS resource configuration would be limited. However, it is anyway described in WID that using a single RF chain (same antenna) is assumed [1]. Thus, there may be no need to have additional agreement on the same antenna port condition.

3. TEG association
Regarding Timing Error Group (TEG) association among aggregated carriers, the following agreements and proposals were made at the previous meetings [2][3].
RAN1#112bis-e
Agreement
Study whether single TRP Tx TEG ID or UE Rx TEG ID is applied across PRSs in aggregated PFLs for TEG information reporting, i.e. single TEG ID is reported across the aggregated PRS resources for TRP Tx TEG association reporting, or for UE Rx TEG ID reporting in the measurement reporting

Agreement
Study whether single UE Tx TEG ID or TRP Rx TEG ID is applied across SRSs in aggregated carriers for TEG information reporting, i.e. single UE Tx TEG ID is reported across the aggregated SRS resources for UE Tx TEG association reporting, or for TRP Rx TEG ID reporting in measurement reporting

RAN1#113
Proposal 2.4-1a 
For PRS bandwidth aggregation between PRS in two or three different PFLs, TRP Tx TEG ID is reported for one of the aggregated PRSs and the TRP Tx TEG IDs are not reported for the other aggregated PRSs (this implies the same TRP Tx TEG ID applies to all aggregated PRS resources)
· This applicable for TRP Tx TEG association reporting and for UE Rx TEG ID reporting in the measurement reporting

Proposal 3.4-1 
For SRS bandwidth aggregation between SRS in two or three different carriers, the existing Rel-17 mechanism for UE Tx TEG association reporting and for TRP Rx TEG ID reporting in the measurement reporting is reused. 

In Rel-17 NR, TEG is specified per PFL and does not support aggregated PFL. For example, TEG ID#1 in PFL ID#1 and TEG ID#1 in PFL ID#2 may be different TEGs. Thus, when PRS bandwidth aggregation is introduced, at least clarification and potentially updates of the existing TEG definition would be necessary, and proposal 2.4-1a should be introduced for PRS bandwidth aggregation. On the other hand, proposal 3.4-1 was made for SRS bandwidth aggregation. We believe that TEG association design should be aligned between PRS bandwidth aggregation and SRS bandwidth aggregation, thus, UE Tx TEG ID is reported for one of the aggregated SRSs and the UE Tx TEG IDs are not reported for the other aggregated SRSs.
In addition, we think TEG association discussion is related to Tx condition discussion. If the condition with the same antenna port is required for PRS/SRS bandwidth aggregation, the single Tx TEG ID should be applied across PRSs in aggregated PFLs. Thus, RAN1 should discuss Tx condition for bandwidth aggregation prior to TEG association.
Proposal 1: 
· RAN1 should discuss Tx condition for bandwidth aggregation prior to TEG association.
· If the condition with the same antenna port is required for PRS/SRS bandwidth aggregation, the single Tx TEG ID should be applied across PRSs in aggregated PFLs.
· For PRS bandwidth aggregation between PRS in two or three different PFLs, TRP Tx TEG ID is reported for one of the aggregated PRSs and the TRP Tx TEG IDs are not reported for the other aggregated PRSs.
· For SRS bandwidth aggregation between SRS in two or three different PFLs, UE Tx TEG ID is reported for one of the aggregated SRSs and the UE Tx TEG IDs are not reported for the other aggregated SRSs.

4. Collision handling
Regarding PRS/SRS collision handling with the other signals, the following agreements and proposals were made at the previous meetings [2][3][4].
RAN1#112bis-e
Agreement
For the case when PRS in one of aggregated PFL is dropped, e.g. because of collision with SSB, select one of the following solutions for LMF based positioning
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· FFS the details and the difference between MG and PPW if PPW is supported
· Note: Up to RAN4 to discuss impact on requirements, if any, for such cases

Agreement
For positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, select one of the following two options:
· Alt. 1: Stop SRS transmission in all aggregated carriers in the same symbol
· Alt. 2: SRS is still transmitted in other carriers in the same symbol
· FFS: The UE may not be expected to maintain phase continuity across the remaining carriers
· FFS the applicable scenario, e.g. the positioning SRS collides with another higher priority SRS or others

RAN1#113
Proposal 3.10-1
· For SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs. 
· The Rel-17 switching time is reused between the aggregated SRS transmission and other signals in the initial BWP
· For SRS aggregation transmission in RRC_CONNECTED state, when SRS in one of aggregated carriers is dropped in a symbol because of collision with other UL signal, 
· If the UE doesn’t support simultaneous transmission between the SRS and the other UL signal, the UE stops the SRS transmission in other aggregated carrier(s) in the same symbol(s). Otherwise, the UE still transmits SRS in other carrier(s) in the same symbol(s).
· The UE may not maintain phase continuity across the remaining carriers if the remaining carriers are not contiguous

Agreement
For positioning SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs.

From a perspective of UE Rx/Tx behavior, Alt.1 would be much simpler than Alt.2 since the UE only needs to drop all PRS and stop SRS Tx across aggregated carriers when PRS/SRS in one of aggregated PFL/carrier is dropped. However, if all PRS and SRS Tx across aggregated carriers are dropped and stopped, the positioning latency may be too large. So, Alt.2 should be supported if it is feasible.
Proposal 2: 
· Support the following alternatives:
· When PRS in one of aggregated PFL is dropped,
· Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· When SRS in one of aggregated carriers is dropped in a symbol in RRC_CONNECTED state,
· Alt. 2: SRS is still transmitted in other carriers in the same symbol

5. Definition of single RSRP/RSRPP
Regarding definition of single RSRP/RSRPP, the following agreements were made at the last meeting [4].
Agreement
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results

Agreement
For SRS bandwidth aggregation across carriers, support
· Single RSRP or RSRPP is reported
· FFS: the single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers
· The used SRS resource IDs for the aggregated measurement are shared for RSRP/RSRPP and/or timing measurement results

In the current specification, how to apply reported RSRP/RSRPP for positioning calculation is up to LMF implementation. In addition, LMF manages not only RSRP/RSRPP reported from bandwidth aggregation UE/gNB but also non-bandwidth aggregation UE/gNB. Thus, whether single RSRP/RSRPP is based on aggregated PRS/SRS resources across aggregated carriers or PRS/SRS resource of specific single carrier (e.g., with best RSRP/RSRPP) should be clarified in the specification so that LMF can appropriately handle the reported RSRP/RSRPP from UE/gNB applying bandwidth aggregation by assuming such specification.
Observation 1: 
· Whether single RSRP/RSRPP is based on aggregated PRS/SRS resources across aggregated carriers or PRS/SRS resource of specific single carrier should be clarified in the specification.

6. Conclusion
[bookmark: _Hlk110260534]In this contribution, we discussed on bandwidth aggregation for positioning measurements for Rel-18 NR positioning. Based on the discussion, we made following observation and proposals.
Observation 1: 
· Whether single RSRP/RSRPP is based on aggregated PRS/SRS resources across aggregated carriers or PRS/SRS resource of specific single carrier should be clarified in the specification.
Proposal 1: 
· RAN1 should discuss Tx condition for bandwidth aggregation prior to TEG association.
· If the condition with the same antenna port is required for PRS/SRS bandwidth aggregation, the single Tx TEG ID should be applied across PRSs in aggregated PFLs.
· For PRS bandwidth aggregation between PRS in two or three different PFLs, TRP Tx TEG ID is reported for one of the aggregated PRSs and the TRP Tx TEG IDs are not reported for the other aggregated PRSs.
· For SRS bandwidth aggregation between SRS in two or three different PFLs, UE Tx TEG ID is reported for one of the aggregated SRSs and the UE Tx TEG IDs are not reported for the other aggregated SRSs.
Proposal 2: 
· Support the following alternatives:
· When PRS in one of aggregated PFL is dropped,
· Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· When SRS in one of aggregated carriers is dropped in a symbol in RRC_CONNECTED state,
· Alt. 2: SRS is still transmitted in other carriers in the same symbol
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