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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.

Discussion
[bookmark: _Ref111129351]Conditions for coherently combining DL PRSs
In order for two or more DL PRS resources to be coherently/jointly processed certain conditions may need to be met.  These conditions may include one or more of the following:
· the two or more DL PRS resources must be transmitted from the same TRP.  In NR Rel-16, the TRP is represented by dl-PRS-ID [TS 37.355 V16.2.0].  Hence, two or more DL PRS resources can only be coherently/jointly processed if they correspond to the same dl-PRS-ID value.
· the two or more DL PRS resources may need to be received by the UE in the same slot so that coherency holds which would allow the UE to coherently/jointly process these two or more DL PRS resources.  Hence, the two or more DL PRS resources may need to be received with the same periodicity and/or slot offset.  This means that the dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 field given in the DL PRS resource sets (i.e., NR-DL-PRS-ResourceSet-r16’s) corresponding to each of the two or more DL PRS resources need to have the same value.  Additionally, the two or more DL PRS resources to be coherently/jointly processed may need to have the same slot offset value defined in their DL PRS resource configurations (e.g., the dl-PRS-ResourceSlotOffset-r16 field values associated with these two or more DL PRS resources to be coherently/jointly processed may need to have the same value).  
· the two or more DL PRS resources to be coherently/jointly processed may need to be received by the UE with the same QCL information (e.g., same beam or same QCL type D source reference signal).  Hence, the two more DL PRS resources to be coherently/jointly processed may need to have the same dl-PRS-QCL-Info-r16 parameters defined in their DL PRS resource configurations (e.g., the dl-PRS-QCL-Info-r16 field values associated with these two or more DL PRS resources to be coherently/jointly processed may need to have the same values of ssb-r16 or dl-PRS-r16).  
· the two or more DL PRS resource to be coherently/jointly processed may need to belong to different frequency layers  
· the numerology associated with the two or more DL PRS resource to be coherently/jointly processed may need to be the same
· the PRS resources to be combined are transmitted with the same gNB Tx TEG
· the PRS resources from different carriers/PFLs to be jointly/coherently processed are received by UE from the same Rx RF chain. The Rx RF chain can be identified by the UE Rx TEG ID
· PRS resources from different PFLs/carriers to be aggregated and jointly/coherently processed share same numerology but can have different bandwidths.
Hence, we make the following proposal:

[bookmark: _Toc127528316][bookmark: _Toc127562092]Define the following conditions in order for two or more DL PRS resources to be aggregated:
· [bookmark: _Toc127562093] the two or more DL PRS resources must be transmitted from the same TRP
· [bookmark: _Toc127562094]	the two or more DL PRS resources may need to be received by the UE in the same slot so that coherency holds
· [bookmark: _Toc127562095]the two or more DL PRS resources to be coherently/jointly processed may need to be received by the UE with the same QCL information (e.g., same beam or same QCL type D source reference signal)
· [bookmark: _Toc127562096]the two or more DL PRS resource to be coherently/jointly processed may need to belong to different frequency layers
· [bookmark: _Toc127562097]the numerology associated with the two or more DL PRS resource to be coherently/jointly processed may need to be the same
· [bookmark: _Toc127562098]the PRS resources to be combined are transmitted with the same gNB Tx TEG
· [bookmark: _Toc127562099]the PRS resources to be combined are received with the same UE Rx TEG

Indication of which PRSs to combine from LMF to UE
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. 


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: _Toc127562100]LMF indicates to the UE which PRS resources can be aggregated by including an aggregation ID as part of DL PRS resource configuration
· [bookmark: _Toc127562101]Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed by the UE
· [bookmark: _Toc127562102]a PRS resource that does not have an aggregation ID is not allowed to be with another PRS resource 

Indication of which PRSs to be aggregated from NG-RAN to LMF
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.  Similar to the case in Section 2.2, 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: _Toc127562103]NG-RAN node indicates to the LMF which PRS resources from which TRPs can be aggregated by including an aggregation ID as part of ‘TRP INFORMATION RESPONSE’
· [bookmark: _Toc127562104]Two or more DL PRS resources configured with the same aggregation ID can be aggregated and coherently/jointly processed
· [bookmark: _Toc127562105]a PRS resource that does not have an aggregation ID is not allowed to be with another PRS resource 




Conclusions 
Based on the discussion in the previous sections we propose the following:
Proposal 1	Define the following conditions in order for two or more DL PRS resources to be aggregated:
	the two or more DL PRS resources must be transmitted from the same TRP
	the two or more DL PRS resources may need to be received by the UE in the same slot so that coherency holds
	the two or more DL PRS resources to be coherently/jointly processed may need to be received by the UE with the same QCL information (e.g., same beam or same QCL type D source reference signal)
	the two or more DL PRS resource to be coherently/jointly processed may need to belong to different frequency layers
	the numerology associated with the two or more DL PRS resource to be coherently/jointly processed may need to be the same
	the PRS resources to be combined are transmitted with the same gNB Tx TEG
	the PRS resources to be combined are received with the same UE Rx TEG
Proposal 2	LMF indicates to the UE which PRS resources 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 with another PRS resource
Proposal 3	NG-RAN node indicates to the LMF which PRS resources 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 with another PRS resource
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