3GPP TSG RAN WG1 #115	    	                                   R1-2311405
Chicago, USA, November 13th – November 17th, 2023

Agenda Item:	8.3.4
Source:	Xiaomi 
Title:                     Remaining issues on bandwidth aggregation for positioning measurement 
Document for:	Discussion and Decision

Introduction
In RAN- 98 e-meeting, the WI of Rel-18 positioning is approved, and the objectives on bandwidth aggregation for positioning can be seen as below [1]:
· 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].
In this contribution, we will discuss the remaining issues on signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements.  
Discussion 
Bandwidth aggregation for PRS measurement and report
Bandwidth aggregation configuration for PRS 
In RAN1-112 meeting [2], the following agreements were archived on bandwidth aggregation for PRS configuration.
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 
Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
· FFS whether the link is for all TRPs or per TRP basis
· FFS whether the link is per PRS resource set basis or per PRS resource basis.

In RAN1-112b e-meeting [3], the following agreements were archived on bandwidth aggregation for PRS configuration.
Agreement
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#113
· Option 2: Per TRP basis and per PRS resource set basis.
· For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.
· It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.
· Option 3: Per TRP basis and per PRS resource basis. 
· For each TRP, support new signaling to indicate which PRS resource(s) across PFLs are linked.
· For the non-linked PRS resources, no aggregation is assumed even if the conditions are satisfied.
Agreement
For PRS bandwidth aggregation between PRS in two or three different PFLs, decide whether one or more of the following are needed for the aggregated PRS resources from a TRP in RAN1#113 meeting:
· The same antenna port from RAN1 perspective
· Note: this is to achieve phase continuity between PFLs
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resource sets and/or resources per set for a TRP 
· The same NR-DL-PRS-SFN0-Offset value
· UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths 
· FFS: a per-symbol uniformly spaced PRS pattern across aggregated bandwidths does not preclude dropping some REs in the guardband between two PFLs
· Others if any

In RAN1-113 meeting [4], the following agreements were archived on bandwidth aggregation for PRS configuration.
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
Agreement
For PRS bandwidth aggregation across PFLs, support
· Option 2: Per TRP basis and per PRS resource set basis.
· For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.
· It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.

It was discussed in last RAN1 meeting that enhancement of PRS configuration to inform UE by LMF PRS resources from which two or three PFLs are linked will be supported. But whether the link is per PRS resource set basis or per PRS resource basis is not agreed. From our point of view, it is better to support that the link is per PRS resource set. Since for PRS resource set or PRS resource, it is simple to realize the link per PRS resource set. And different PRS resource set can have different link property. While for linked PRS resource sets, which PRS resources will be linked need to be defined. The simplest way is to be decided by PRS resource ID. It means that PRS resources with same resource ID across linked PRS resource sets are linked for aggregated PRS. 
Proposal 1: PRS resources with same resource ID across linked PRS resource set are linked for aggregated PRS.
Report for aggregated PRS 
In RAN1-112 meeting [2], the following agreements were archived on report for PRS resources aggregated across the PFLs.
Agreement
Support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods
· In a measurement report element, single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs
· FFS: RSRP, RSRPP
· FFS: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement
· FFS whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs
· FFS RSTD reference configuration or report should be enhanced

In RAN1-112b e-meeting [3] and RAN1-113 meeting [4], the following agreements were archived on report for PRS resources aggregated across the PFLs.
Agreement
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not
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
In a measurement report element, as for single RSRP or single RSRPP is reported, we prefer that the single RSRP is measured based on one PFL which can be defined by default rule, e.g., the PFL with the lowest frequency among multiple PFLs.
Proposal 2: Single RSRP measured based on one PFL with the lowest frequency, or based on one or multiple PFLs up to UE implementation, is reported in a measurement report from UE.
Bandwidth aggregation for SRS measurement and report
Report for aggregated SRS 
In RAN1-112 meeting [2], the following agreements were archived on report for SRS resources aggregated across the carriers.
Agreement
Support joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods
· Single UL RTOA or gNB Rx-Tx time difference is reported for the SRS resources across aggregated carriers
· FFS: RSRP or RSRPP
· FFS: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement
· Support LMF to request gNB for the UL positioning measurement from aggregated SRS resources across multiple CCs
In RAN1-112b e-meeting [3] and RAN1-113 meeting [4], the following agreements were archived on SRS resources aggregated across the PFLs.
Agreement
For the SRS resources across aggregated carriers for UL-TDOA and Multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 SRS measurement of single carrier with the necessary update
· FFS: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers
· SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which measurement is aggregated
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 a measurement report element, as for single RSRP or single RSRPP is reported, we prefer single RSRP. And the single RSRP is measured based on one carrier which can be defined by default rule, e.g., the carrier with the lowest frequency among multiple carriers.
Proposal 3: Single RSRP measured based on one carrier with the lowest frequency, or based on one or multiple carriers up to TRP implementation, is reported in a measurement report from TRP.
TPs
TPs for SRS 
In RAN1-114bis meeting [5], the following agreements were archived on DCI triggering SRS resource sets for bandwidth aggregation.
Agreement
For positioning SRS bandwidth aggregation, introduce a new RRC signaling to indicate whether to enable Rel-17 single DCI-triggering SRS resource sets across the linked carriers.
Thus we propose the following TP to TS 38.214 based on the latest version in R1-2310764[6].
 Proposal 4: Adopt TP#1 to TS 38.214 on RRC signaling to indicate whether to enable Rel-17 single DCI-triggering SRS resource sets across the linked carriers.· 6.2.1.4.2	SRS bandwidth aggregation for positioning measurements
<omitted text>
If the UE configured with higher layer parameter [enablesingleDCI-triggeringSRS-acrosslinkedcarriers] and receives a DCI 0_1, 0_2, 1_1, or 1_2 triggering an aperiodic SRS resource set for positioning linked for bandwidth aggregation in a CC, subject to UE capability, UE transmits SRS of the linked SRS resource sets across all CCs.
<omitted text>

Conclusion
In this contribution, we discussed about bandwidth aggregation for positioning measurements. Based on above discussion, we provide the following proposals:
Proposal 1: PRS resources with same resource ID across linked PRS resource set are linked for aggregated PRS.
Proposal 2: Single RSRP measured based on one PFL with the lowest frequency, or based on one or multiple PFLs up to UE implementation, is reported in a measurement report from UE.
Proposal 3: Single RSRP measured based on one carrier with the lowest frequency, or based on one or multiple carriers up to TRP implementation, is reported in a measurement report from TRP.
Proposal 4: Adopt TP#1 to TS 38.214 on RRC signaling to indicate whether to enable Rel-17 single DCI-triggering SRS resource sets across the linked carriers.
· 6.2.1.4.2	SRS bandwidth aggregation for positioning measurements
<omitted text>
If the UE configured with higher layer parameter [enablesingleDCI-triggeringSRS-acrosslinkedcarriers] and receives a DCI 0_1, 0_2, 1_1, or 1_2 triggering an aperiodic SRS resource set for positioning linked for bandwidth aggregation in a CC, subject to UE capability, UE transmits SRS of the linked SRS resource sets across all CCs.
<omitted text>
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