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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on expanded and improved NR positioning [1] includes the following RAN1-centric objective of specifying bandwidth aggregation for positioning measurement:
	· 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 issues related with bandwidth aggregation for DL and UL positioning measurements.
2. DL PRS Bandwidth Aggregation
To support bandwidth aggregation of PRS resource across intra band contiguous carriers, we need to update the signaling and procedures of both configuration and positioning measurement reporting.
The first question is about the configuration of PRS resources. For that, we made the following agreement to further study the configuration aspects:
	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


The PRS resources that can be aggregated shall be transmitted with the same gNB Tx TEG and also received by the same UE Rx TEG. Otherwise, different PRS resources would experience different time delay and thus, the UE is not able to combine them coherently.
Regarding the periodicity and slot offset, it is preferred that the same periodicity and slot offset are configured to the PRS resources that are to be aggregated.  If the periodicity and slot offset are not same, two PRS resources that are to be aggregated would not be one the same symbol and in the same slots in all the transmission instance. The consequence is that the UE is only able to aggregate the PRS resources on some transmission instances. Therefore, it is preferred to have the same periodicity and slot offset so that the UE is able to aggregate the PRS resources on all the transmission instances. For each TRP, the SFN0 slot 0 for the DL PRS resource is also configured within each PFL. To support aggregating PRS resources across PFL, the TRP shall configure the same slot 0 in those PFLs.The same reason applies to the muting pattern. It is preferred to have the same muting pattern so that the UE is able to aggregate the PRS resources on all the transmission instances.
[bookmark: _Hlk134566265]Proposal 1: The PRS resources to be aggregated shall have the following configurations:
· Same periodicity and same slot offset
· Same muting pattern
· Same number PRS resources per set
· Same value of NR-DL-PRS-SFN0-Offset
[bookmark: _Hlk127137833]The issue of linking PRS resources to be aggregated were discussed and we have two alternatives for down-selection:
	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.


Since the PRS aggregation is per TRP basis, it is preferred that the link is configured per TRP, not for all TRPs. That would give more system implementation flexibility.  Regarding the link per PRS resource set or per PRS resource, it is preferred to support per PRS resource set basis. For one same TRP, we do not see the use case that we have the flexibility to do different aggregation on different PRS resources. 
[bookmark: _Hlk134566279]Proposal 2: For PRS bandwidth aggregation across PFLs, support Option 2 for linking the PRS and the link is per TRP basis and per PRS resource set basis.
The following agreement on PRS measurement reporting with PRS resource aggregation was made:
	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


For the RSRP or RSRPP report, if the corresponding RSTD or UE Rx-Tx time difference is measured from aggregated PRS resources, the UE can also report the RSRP or RSRPP obtained from the same aggregated PRS resources. 
Regarding the RSTD reference, the reference PRS resource can be the aggregated PRS resources. 
[bookmark: _Hlk134566293][bookmark: _Hlk127137836]Proposal 3: If one RSTD or UE Rx-Tx time difference is measured from aggregated PRS resources, the corresponding RSRP or RSRPP measurement can be measured from the aggregated PRS resources.
[bookmark: _Hlk134566307]Proposal 4: The RSTD reference can be aggregated PRS resources.
	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


When PRS in one PRL is dropped, the UE can still measure the PRS resources in other PFL that are not dropped. The UE conducts PRS bandwidth aggregation only when the aggregation is feasible. It shall be up to UE implementation to use one or more of the PRSs in aggregated PFLs in positioning measurement in all the cases, including the case when some PRS in one of aggregated PFL is dropped.
[bookmark: _Hlk134566311]Proposal 5: It is up to UE implementation to perform positioning measurement based on one or more of the PRS resources in the aggregated PFLs.  
SRS Bandwidth Aggregation
[bookmark: _Hlk118404580]For two SRS resources for positioning that can be aggregated, the system shall configure the following same parameters so that the TRP can aggregate them for positioning measurement: the same subcarrier spacing, same cyclic prefix, same slot and symbol locations.  Those SRS resources shall also be configured with same spatial relation info so that the UE can apply the same Tx beam on them and they are also configured with the same pathloss RS. We made the following agreement to further study some aspects:
	Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, decide whether one or more of the following are needed for the aggregated SRS resources in RAN1#113 meeting
· The same timing advance offset or the same TAG
· The same periodicityAndOffset, and slotOffset
· The same number of SRS resource sets and/or the same number of SRS resources per set
· The configuration of same pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)
· FFS the details, e.g. UE determines the transmit power for SRS transmission in a reference carrier and applies the same Tx PSD for SRS transmission in other carriers, or configure a common parameter set for the aggregated carriers
· The same antenna port from RAN1 specification perspective
· Note: this is to achieve phase continuity between carriers
· UE is expected to be configured with SRS resources that maintain a per-symbol uniformly spaced SRS pattern across aggregated bandwidths 
· Others if any


For the configuration of SRS to be aggregated, it is preferred that the same periodicity and slotOffset are configured to the SRS resources so that all the transmission instances of the SRS resources are transmitted on the same symbols and slots. Regarding the power control parameters, to enable same Tx power per subcarriers of all the SRS resources to be aggregated, we shall configure the same pathloss RS, P0 and alpha. However, in our view, the limitation of same antenna port is not needed. The same antenna ports on different carriers do not mean that they correspond to same channel.
[bookmark: _Hlk134566317]Proposal 6: For the SRS resources for positioning for bandwidth aggregation:
· Same TAG
· same periodicity and slotoffset 
· same pathloss RS, P0 and alpha
· No restriction on same antenna ports
Regarding the configuration of linking SRS for aggregation, we have two options: per SRS resource set vs per SRS resource. The configuration per SRS resource would bear the full flexibility.  The system can provide different aggregation configuration on two different SRS resources for positioning. And different SRS resources for positioning in the same set might be targeted to different cells through the configuration of spatial relation and pathloss RS. However, providing different aggregation configuration on different SRS resources would cause difficulty to SRS transmission. For example, the activation of semi-persistent SRS transmission is per PRS resource set.  Triggering SRS transmission in one CC might cause the transmission of some SRS resources in one set in another CC, instead of the whole set.  
	Agreement
For SRS bandwidth aggregation across two or three carriers, select one of the following options in RAN1#113 meeting
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied.  
· Option 3: Per SRS resource basis. 
· Support new signaling to indicate which SRS resources across carriers are linked. 
· For the non-linked SRS resources, no aggregation is assumed even if the conditions are satisfied


The linked SRS resources for positioning are configured in different uplink carriers and each uplink carrier could be in different TAG. Thus, those SRS resources could be adjusted with different timing advance offset. That could cause timing delay at the receiver side, which is a problem for bandwidth aggregation. To resolve that, those SRS resources shall apply the same timing advance offset.
[bookmark: _Hlk134566324]Proposal 7: Support Option 2 for the SRS resource for positioning for bandwidth aggregation: the linking is configured per SRS resource set.
It was agreed to support aperiodic positioning SRS for bandwidth aggregation:
	Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details


The transmission of aperiodic SRS for positioning is triggered by DCI. When one SRS resource set is triggered, the linked SRS resource set shall be transmitted too to support the bandwidth aggregation at the TRP side. To effectively support that, when one SRS resource set is triggered by the DCI, the linked SRS resource set shall be triggered too.
[bookmark: _Hlk134566332]Proposal 8: When one AP SRS resource set for positioning is triggered by the DCI, all linked SRS resource set for positioning is also triggered by this DCI.
Regarding the power control on SRS resource for positioning for bandwidth aggregation, we agreed that same power prioritization level is applied to SRS resource involved in one bandwidth aggregation:
	Agreement
Support the same power prioritization between the aggregated carriers in the case when total UE transmit power in a transmission occasion I exceeds  
· The UE allocates power to the multiple SRS resources in the transmission occasion i of the aggregated carriers such that the UE’s transmit power in each transmitted resource element is equal.
· FFS further details, e.g. power scaling between aggregated carriers


The power scaling can be left to UE implementation. When the UE transmit power exceeds the Pcmax, the UE can allocate the available power to multiple SRS resources to make sure same Tx power density on each RE in the SRS resource through UE implementation. It seems that there is no need to specify detailed mechanism in specification.
[bookmark: _Hlk134566340]Proposal 9: It is up to UE implementation to apply same Tx power on each RE of all SRS resources for positioning in one bandwidth aggregation when the total UE Tx power exceeds Pcmax.
	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


For positioning SRS aggregation across multiple CCs, when one or more of the SRSs in aggregated CCs is dropped due to some reason, the UE can still transmit the SRS resource(s) that is not dropped, i.e., Alt2.  Alt 1 might negatively affect the positioning performance because all the positioning SRSs are not transmitted. 
[bookmark: _Hlk134566346]Proposal 10: Support Alt2 for the case that SRS in one of aggregated carriers is dropped due to some reason.
The TRP can aggregate two SRS resources for positioning in different carriers to obtain uplink arrival time. For each reported RTOA value, the TRP can report if the RTOA value is obtained from aggregating two SRS resource for positionings. 
[bookmark: _Hlk127137861]Proposal 11: The TRP reports whether one reported RTOA value is obtained from SRS resource aggregation. 
3. Conclusions
In this contribution, we present our views on aggregation of PRS/SRS for NR positioning and the following proposals are made:
Proposal 1: The PRS resources to be aggregated shall have the following configurations:
· Same periodicity and same slot offset
· Same muting pattern
· Same number PRS resources per set
· Same value of NR-DL-PRS-SFN0-Offset
Proposal 2: For PRS bandwidth aggregation across PFLs, support Option 2 for linking the PRS and the link is per TRP basis and per PRS resource set basis.
Proposal 3: If one RSTD or UE Rx-Tx time difference is measured from aggregated PRS resources, the corresponding RSRP or RSRPP measurement can be measured from the aggregated PRS resources.
Proposal 4: The RSTD reference can be aggregated PRS resources.
Proposal 5: It is up to UE implementation to perform positioning measurement based on one or more of the PRS resources in the aggregated PFLs.  
Proposal 6: For the SRS resources for positioning for bandwidth aggregation:
· Same TAG
· same periodicity and slotoffset 
· same pathloss RS, P0 and alpha
· No restriction on same antenna ports
Proposal 7: Support Option 2 for the SRS resource for positioning for bandwidth aggregation: the linking is configured per SRS resource set.
Proposal 8: When one AP SRS resource set for positioning is triggered by the DCI, all linked SRS resource set for positioning is also triggered by this DCI.
Proposal 9: It is up to UE implementation to apply same Tx power on each RE of all SRS resources for positioning in one bandwidth aggregation when the total UE Tx power exceeds Pcmax.
Proposal 10: Support Alt2 for the case that SRS in one of aggregated carriers is dropped due to some reason.
Proposal 11: The TRP reports whether one reported RTOA value is obtained from SRS resource aggregation. 
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