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Introduction
 In the Rel-18 positioning WID [1], the following objectives related to bandwidth aggregation for positioning measurements are included:

· 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 paper, we provide Ericsson’s views on bandwidth aggregation for positioning measurements.

Bandwidth aggregation of PRS
1.1 [bookmark: _Ref111129351]Conditions for aggregation
In RAN1#112bis, the following agreement was made:
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.

[bookmark: _Hlk131549046]For condition on TRP Tx TEGs, it should be noted that the Tx TEG IDs are locally defined within each PFL.  Hence, in order to indicate that PRSs in two or three different aggregated PFLs have Tx timing error difference with a certain margin, it is sufficient for the gNB to indicate TRP Tx TEG ID for the PRS in one of the two or three aggregated PFLs.

[bookmark: _Toc135049951]The gNB can indicate to LMF one TRP Tx TEG ID for the PRS in just one of the two or three PFLs that can be aggregated. It is understood that the same Tx TEG ID applies to all aggregated PFLs.

As for the UE Rx TEG, we note that the UE will perform a joint measurement across the PRSs in two or three different aggregated PFLs.  Hence, to indicate that a joint measurement across PRSs in two or three different aggregated PFLs have Rx timing error difference within a certain margin, the UE indicates to LMF one UE Rx TEG ID for the joint measurement performed across the PRSs in two or three different aggregated PFLs.

[bookmark: _Toc135049952]In order to indicate that a joint measurement across PRSs in two or three different aggregated PFLs have Rx timing error difference within a certain margin, the UE indicates to LMF one UE Rx TEG ID for the joint measurement performed across the PRSs in two or three different aggregated PFLs.


In RAN1#112bis, the following agreement was made:
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

Regarding the open issues on the periodicity, slot offset, muting pattern, and NR-DL-PRS-SFN0-Offset, we think it makes sense to have the same periodicity, slot offset, muting pattern and NR-DL-PRS-SFN0-Offset for the PRSs in two or three different aggregated PFLs.  If these conditions are not met, the measurement periodicity may be limited by the largest periodicity among the PRSs in the two or three different aggregated PFLs which may unnecessarily delay the measurement.  Hence, we propose the following:  
[bookmark: _Toc135049953]For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, the same periodicity, same slot offset, same muting pattern and NR-DL-PRS-SFN0-Offset are assumed.

Regarding the open issue on the same number of PRS resource sets and resources for a TRP, we think this is an unnecessary restriction. It should be noted that the already agreed conditions of aggregated PRSs being on the same symbol on same slot can only be satisfied on a resource level (specially in FR2).  It is sufficient that the aggregated PRSs are linked at PRS resource level. 
[bookmark: _Toc135049954]For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, do not support the constraints on same number of PRS resource sets and resources for a TRP across the aggregated PFLs.
[bookmark: _Hlk134757667]Regarding the open issue on how to maintain contiguous PRS pattern across aggregated bandwidths, we are fine to confirm the bullet “UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths”.
[bookmark: _Toc135049955]For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths.

Regarding the open issue on whether same antenna port needs to be agreed from RAN1 perspective, we do not think this condition is needed.  RAN4 has already confirmed the condition that the same RF chain needs to be used for BW aggregation, and further limiting the transmissions of PRS across aggregated PFLs to have the same antenna port is unnecessary.

[bookmark: _Toc135049956]For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, do not support the condition of same antenna port from RAN1 perspective.

1.2 Indication of PRSs to be aggregated

In RAN1#112bis, the following agreement was made:

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.

DL PRS resources are organized in a tree structure with the positioning frequency layer at the top, then TRPs, then PRS resource sets and finally PRS resources. All resources in a frequency layer have the same bandwidth and frequency allocations.  In order to signal PRS aggregation, the following updates are thus necessary:
· Identify which PRS resources across PFLs can be linked to create an aggregated PRS transmission with wide bandwidth
· Identify which PFLs in a TRP participate with the aggregation. 

Hence, the linking of PRS resources across two or three aggregated PFLs should be performed on a TRP basis since all TRPs may not be able to transmit DL PRSs across PFLs coherently.  Furthermore, linking on a per PRS resource basis provides the network with more flexibility and is a cleaner solution in terms of specification impact (i.e., the network can decide which PRS resources to aggregate selectively).  Hence, we propose Option 3 for down selection.
[bookmark: _Toc135049957]LMF indicates to the UE which PRS resources (i.e., on a PRS resource basis) that can be aggregated by including an aggregation ID as part of DL PRS resource configuration
· [bookmark: _Toc135049958]Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed by the UE
· [bookmark: _Toc135049959]a PRS resource that does not have an aggregation ID is not allowed to be aggregated with another PRS resource 

The DL PRS resources that can be aggregated by UE to perform combined positioning measurement is indicated by LMF to the UE. For example, LMF may include an PRS aggregation ID as a part of DL PRS resource configuration.  When two DL PRS resources are configured with the same PRS aggregation ID, the UE can aggregate them to process together for positioning measurement. In this sense the PRS aggregation ID represents a group of DL PRS resources that can be aggregated and coherently/jointly processed for positioning measurements. If the PRS resource configuration does not include an PRS aggregation ID, the PRS resource may not be combined with another PRS resource.
[bookmark: _Toc135049960]LMF indicates to the UE which PRS resources (i.e., on a PRS resource basis) that can be aggregated by including an aggregation ID as part of DL PRS resource configuration
· [bookmark: _Toc135049961]Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed by the UE
· [bookmark: _Toc135049962]a PRS resource that does not have an aggregation ID is not allowed to be aggregated with another PRS resource 



In NR Rel-16, the LMF sends requests to NG-RAN node regarding information on TRPs hosted by the NG-RAN node via the ‘TRP INFORMATION REQUEST’ message.  In response, the NG-RAN node may provide the ‘TRP INFORMATION RESPONSE’ which may contain information related to one or more TRPs hosted by the NG-RAN node.  The ‘TRP Information’ information element which is part of the ‘TRP INFORMATION RESPONSE’ includes the PRS configuration.
Whether one or more DL PRS resources can be coherently transmitted by the TRP needs to be indicated to the LMF as it is the TRP that knows whether coherency can be maintained for the one or more DL PRS transmissions in these resources.  A simple approach is to include a PRS aggregation ID at the PRS Resource level as part of ‘TRP INFORMATION RESPONSE’.  The PRS aggregation ID is optional, and if this parameter is not included for a particular PRS resource, then it implies that this PRS resource cannot be aggregated with other PRS resources.

[bookmark: _Toc135049963]NG-RAN node indicates to the LMF which PRS resources (i.e., on a per PRS resource basis) from which TRPs can be aggregated by including an aggregation ID as part of ‘TRP INFORMATION RESPONSE’
· [bookmark: _Toc135049964]Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed
· [bookmark: _Toc135049965]a PRS resource that does not have an aggregation ID is not allowed to be aggregated with another PRS resource 

1.3 Joint measurement and reporting based on aggregated PRSs
In RAN1#112bis, the following agreement was reached:
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

Regarding the first FFS in the above agreement, we support both single RSRP and single RSRPP measurement reporting for the PRS resources across aggregated PFLs.  

[bookmark: _Toc135049966]In NR Rel-18, support one RSRP measurement and one RSRPP measurement per path for the PRS resources across aggregated PFLs in a measurement report element. 

Regarding the second FFS in the above agreement, an aggregated RSTD reference will result in a more accurate ToA for reference time.  Hence, RSTD reference should be aggregated.
[bookmark: _Toc135049967]In NR Rel-18, RSTD reference should be aggregated for RSTD measurements using PRS resources aggregated  across PFLs. 


Agreement
From RAN1 perspective, MG-based bandwidth aggregation measurement is supported. Decide whether PPW is supported for PRS bandwidth aggregation measurement in RAN1#113 meeting.
· FFS the details for PPW if supported

Due to limited time remaining in Rel-18, we do not support PRS bandwidth aggregation support in PPWs.  Hence, we propose the following:

[bookmark: _Toc135049968]In NR Rel-18, do not support measurement of aggregated PRS resources in PPWs. 



Bandwidth aggregation of SRS

1.4 Conditions for aggregation

In RAN1#112bis, the following agreement was made:

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

Regarding the first FFS, for condition on UE Tx TEGs, it should be noted that the Tx TEG IDs are locally defined within each carrier.  Hence, in order to indicate that SRSs in two or three different aggregated carriers have Tx timing error difference with a certain margin, it is sufficient for the UE to indicate UE Tx TEG ID for the SRS in one of the two or three aggregated carriers.

[bookmark: _Toc135049969]The UE can indicate to gNB one UE Tx TEG ID for the SRS in just one of the two or three carriers that can be aggregated. It is understood that the same Tx TEG ID applies to all aggregated carriers.

As for the gNB Rx TEG, we note that the gNB will perform a joint measurement across the SRSs in two or three different aggregated carriers.  Hence, in order to indicate that a joint measurement across SRSs in two or three different aggregated carriers have Rx timing error difference within a certain margin, the gNB indicates to LMF one gNB Rx TEG ID for the joint measurement performed across the SRSs in two or three different aggregated carriers.

[bookmark: _Toc135049970]In order to indicate that a joint measurement across SRSs in two or three different aggregated carriers have Rx timing error difference within a certain margin, the gNB indicates to LMF one gNB Rx TEG ID for the joint measurement performed across the SRSs in two or three different aggregated carriers.


In RAN1#112bis, the following agreement was made:
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 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

Regarding the open issues on the periodicity and slot offset, we think it makes sense to have the same periodicity and slot offset for the SRSs in two or three different aggregated carriers.  If these conditions are not met, the measurement periodicity may be limited by the largest periodicity among the SRSs in the two or three different aggregated carriers which may unnecessarily delay the measurement.  Hence, we propose the following:  
[bookmark: _Toc135049971]For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, the same periodicity and same slot offset are assumed.

Regarding the open issue on the same number of SRS resource sets and resources across multiple carriers, we think this is an unnecessary restriction. It is sufficient that the aggregated SRSs are linked at SRS resource level. 
[bookmark: _Toc135049972]For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, do not support the constraints on same number of SRS resource sets and resources for a UE across the aggregated carriers.
Regarding the open issue on how to maintain contiguous SRS pattern across aggregated bandwidths, we are fine to confirm the bullet “•	UE is expected to be configured with SRS resources that maintain a per-symbol uniformly spaced SRS pattern across aggregated bandwidths”.
[bookmark: _Toc135049973]For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, UE is expected to be configured with SRS resources that maintain a per-symbol uniformly spaced SRS pattern across aggregated bandwidths.

Regarding the open issue on whether same antenna port needs to be agreed from RAN1 perspective, we do not think this condition is needed.  RAN4 has already confirmed the condition that the same RF chain needs to be used for BW aggregation, and further limiting the transmissions of SRS across aggregated carriers to have the same antenna port is unnecessary.

[bookmark: _Toc135049974]For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, do not support the condition of same antenna port from RAN1 perspective.


1.5 Indication of SRSs to be aggregated

In RAN1#112bis, the following agreement was made:

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


On the open issue above, we think the linking per SRS resource basis gives more flexibility.  Hence, we propose Option 3 below:
[bookmark: _Toc135049975]For SRS bandwidth aggregation across carriers, support linking of SRS resources on a per SRS resource basis. 

1.6 Joint measurement and reporting based on aggregated SRSs
In RAN1#112bis-e, the following agreement was reached:
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
We support both RSRP and RSRPP measurement reporting for the SRS resources across aggregated carriers.  
[bookmark: _Toc135049976]In NR Rel-18, support one RSRP measurement and one RSRPP measurement per path for the SRS resources across aggregated carriers in a measurement report element. 
1.7 SRS aggregation during multicarrier communication operation in UL
There can be a situation where a UE is configured to perform multicarrier positioning measurements by LMF and is also configured by its serving cell for multicarrier communication. In this scenario LMF is not aware of multicarrier communication configuration configured to UE and serving cell is not aware of the multi carrier configuration for positioning measurement configured by LMF, due to which one or more carrier frequencies configured for multicarrier operation for communication may have an impact on multi carrier positioning measurements. Since DL bandwidth aggregation is expected to happen during a measurement gap, in our view the impact of multicarrier operation for communication is more prominent in UL bandwidth aggregation.
For multi-carrier communication UE is configured with at least two carriers, primary and secondary. The additional/secondary carrier(s) is activated/de-activated by serving cell depending on the UL communication capacity need. The activation/deactivation of a carrier is not known to LMF and therefore LMF can configure UE to transmit UL SRS resources for aggregation on carriers that may be deactivated by the serving cell. In this case UE can adapt multicarrier positioning measurement and or activation/deactivation status of the carriers configured for SRS transmission for bandwidth aggregation. For adaptation UE may consider not to transmit or perform multicarrier positioning measurements on SRS resources on carriers that are going to be deactivated based on the configuration received from the serving cell via RRC messages or UE may continue to transmit or perform multicarrier positioning measurements on SRS resources on carriers that are going to be deactivated based on the configuration received from the serving cell via RRC messages. One of the other solutions to the problem could be a network centric approach, where the serving cell considers multicarrier positioning measurement configuration before activating/deactivating the common carrier that is configured for both multicarrier communication and positioning operations.
[bookmark: _Toc135049977]The UE continues transmitting SRS on the UL carrier frequency configured for both SRS bandwidth aggregation and the multicarrier communication during the PRS/SRS bandwidth aggregation even if that UL carrier frequency is deactivated by gNB.
Conclusions 
Based on the discussion in the previous sections we propose the following:
Proposal 1	The gNB can indicate to LMF one TRP Tx TEG ID for the PRS in just one of the two or three PFLs that can be aggregated. It is understood that the same Tx TEG ID applies to all aggregated PFLs.
Proposal 2	In order to indicate that a joint measurement across PRSs in two or three different aggregated PFLs have Rx timing error difference within a certain margin, the UE indicates to LMF one UE Rx TEG ID for the joint measurement performed across the PRSs in two or three different aggregated PFLs.
Proposal 3	For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, the same periodicity, same slot offset, same muting pattern and NR-DL-PRS-SFN0-Offset are assumed.
Proposal 4	For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, do not support the constraints on same number of PRS resource sets and resources for a TRP across the aggregated PFLs.
Proposal 5	For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths.
Proposal 6	For the feature of PRS bandwidth aggregation between PRSs in two or three different PFLs, do not support the condition of same antenna port from RAN1 perspective.
Proposal 7	LMF indicates to the UE which PRS resources (i.e., on a PRS resource basis) that can be aggregated by including an aggregation ID as part of DL PRS resource configuration
	Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed by the UE
	a PRS resource that does not have an aggregation ID is not allowed to be aggregated with another PRS resource
Proposal 8	LMF indicates to the UE which PRS resources (i.e., on a PRS resource basis) that can be aggregated by including an aggregation ID as part of DL PRS resource configuration
	Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed by the UE
	a PRS resource that does not have an aggregation ID is not allowed to be aggregated with another PRS resource
Proposal 9	NG-RAN node indicates to the LMF which PRS resources (i.e., on a per PRS resource basis) from which TRPs can be aggregated by including an aggregation ID as part of ‘TRP INFORMATION RESPONSE’
	Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed
	a PRS resource that does not have an aggregation ID is not allowed to be aggregated with another PRS resource
Proposal 10	In NR Rel-18, support one RSRP measurement and one RSRPP measurement per path for the PRS resources across aggregated PFLs in a measurement report element.
Proposal 11	In NR Rel-18, RSTD reference should be aggregated for RSTD measurements using PRS resources aggregated  across PFLs.
Proposal 12	In NR Rel-18, do not support measurement of aggregated PRS resources in PPWs.
Proposal 13	The UE can indicate to gNB one UE Tx TEG ID for the SRS in just one of the two or three carriers that can be aggregated. It is understood that the same Tx TEG ID applies to all aggregated carriers.
Proposal 14	In order to indicate that a joint measurement across SRSs in two or three different aggregated carriers have Rx timing error difference within a certain margin, the gNB indicates to LMF one gNB Rx TEG ID for the joint measurement performed across the SRSs in two or three different aggregated carriers.
Proposal 15	For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, the same periodicity and same slot offset are assumed.
Proposal 16	For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, do not support the constraints on same number of SRS resource sets and resources for a UE across the aggregated carriers.
Proposal 17	For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, UE is expected to be configured with SRS resources that maintain a per-symbol uniformly spaced SRS pattern across aggregated bandwidths.
Proposal 18	For the feature of SRS bandwidth aggregation between SRSs in two or three different carriers, do not support the condition of same antenna port from RAN1 perspective.
Proposal 19	For SRS bandwidth aggregation across carriers, support linking of SRS resources on a per SRS resource basis.
Proposal 20	In NR Rel-18, support one RSRP measurement and one RSRPP measurement per path for the SRS resources across aggregated carriers in a measurement report element.
Proposal 21	The UE continues transmitting SRS on the UL carrier frequency configured for both SRS bandwidth aggregation and the multicarrier communication during the PRS/SRS bandwidth aggregation even if that UL carrier frequency is deactivated by gNB.
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