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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
[bookmark: _Ref111129351]
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: _Toc142658034]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: _Toc142658035]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#113, the following agreement was made:
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

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: _Toc142658036]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.

In [2], the following two rows are captured although the two rows are not agreed yet:

[image: ]

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 DL PRS resources in two or three PRS resource sets across two or three PFLs are configured with the same PRS aggregation ID, the UE can aggregate the DL PRS resources 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 shall not be combined with another PRS resource.
[bookmark: _Toc142658037]LMF indicates to the UE which PRS resources (i.e., on a per TRP basis and per PRS resource set basis) that can be aggregated by including an aggregation ID as part of DL PRS resource configuration
· [bookmark: _Toc142658038]PRS resources Two or more DL PRS resource sets configured with the same aggregation ID can be aggregated and coherently/jointly processed by the UE
· [bookmark: _Toc142658039]PRS resources in PRS resource sets that do not have an aggregation ID is not allowed to be aggregated

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 set 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 set, then it implies that this PRS resources in the PRS resource set cannot be aggregated.

[bookmark: _Toc142658040]NG-RAN node indicates to the LMF which PRS resources (i.e., on a per TRP basis and per PRS resource set basis) from which TRPs can be aggregated by including an aggregation ID as part of ‘TRP INFORMATION RESPONSE’
· [bookmark: _Toc142658041]Two or more DL PRS resource sets configured with the same aggregation ID can be aggregated and coherently/jointly processed
· [bookmark: _Toc142658042]a PRS resource set that does not have an aggregation ID is not allowed to be aggregated 

In RAN1#113, the following agreement was reached:
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

Regarding the FFS in the above agreement, we support both single RSRP and single RSRPP measurement reporting based on aggregated PRS resources across aggregated PFLs.  Without such clarification, the specifications will be ambiguous on how the UE derived the single RSRP or single RSRPP (i.e., unclear if single RSRP/RSRPP was derived based on aggregated PRS resources or using only one of the PRS resources).

[bookmark: _Toc142658043]In NR Rel-18, support both single RSRP and single RSRPP measurement reporting based on aggregated PRS resources across aggregated PFLs.

Bandwidth aggregation of SRS
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: _Toc142658044]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: _Toc142658045]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#113, the following agreement was reached:
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

Regarding the FFS in the above agreement, we support the single RSRP/RSRPP to be based on aggregated SRS resources across aggregated carriers.  Without such clarification, the specifications will be ambiguous on how the single RSRP or single RSRPP was derived (i.e., unclear if single RSRP/RSRPP was derived based on aggregated PRS resources or using only one of the PRS resources)
[bookmark: _Toc142658046]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. 

Impact of SRS bandwidth aggregation on communication 
RAN4#107 discussed and agreed on the following on impact of SRS CA for communication on PRS/SRS bandwidth aggregation.
Agreement:
RAN4 to discuss possible impacts of SRS CA based on RAN1 progress.
In previous meetings, RAN1 discussed UE capability to support positioning SRS bandwidth aggregation in RRC_CONNECTED state and agreed to decouple this capability with the UE capability to support UL CA for communication. 
Agreement (RAN1)
At least from UE capability perspective, the UE support of positioning SRS bandwidth aggregation in RRC_CONNECTED state is decoupled from the UE support of communication CA.
Based on this agreement, UE is not required to be capable of supporting UL CA to support SRS aggregation for positioning and UE is not required to support SRS aggregation in order to support UL CA for communication. Since the UE capability to support UL CA for communication and SRS aggregation are decoupled, CA for communication has no impact on SRS aggregation for positioning and vice-versa. However, 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. Whether the UE should continue transmitting the SRS when the serving cell is deactivated should be further discussed and decided by RAN1.
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: _Toc142658047]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, do not support the condition of same antenna port from RAN1 perspective.
Proposal 4	LMF indicates to the UE which PRS resources (i.e., on a per TRP basis and per PRS resource set basis) that can be aggregated by including an aggregation ID as part of DL PRS resource configuration
	PRS resources Two or more DL PRS resource sets configured with the same aggregation ID can be aggregated and coherently/jointly processed by the UE
	PRS resources in PRS resource sets that do not have an aggregation ID is not allowed to be aggregated
Proposal 5	NG-RAN node indicates to the LMF which PRS resources (i.e., on a per TRP basis and per PRS resource set basis) from which TRPs can be aggregated by including an aggregation ID as part of ‘TRP INFORMATION RESPONSE’
	Two or more DL PRS resource sets configured with the same aggregation ID can be aggregated and coherently/jointly processed
	a PRS resource set that does not have an aggregation ID is not allowed to be aggregated
Proposal 6	In NR Rel-18, support both single RSRP and single RSRPP measurement reporting based on aggregated PRS resources across aggregated PFLs.
Proposal 7	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 8	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 9	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 10	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.

[bookmark: _In-sequence_SDU_delivery]References
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