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[bookmark: _Ref506539118]Introduction
At the RAN1#113 meeting, the following agreements and conclusions were made regarding bandwidth aggregation for positioning measurements [1]:
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.
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
Agreement
When an SRS resource configured within a CC without PUSCH/PUCCH is linked for aggregation with an SRS resource configured within an UL active BWP of a UL communication CC, a guard period is needed before and after the aggregated SRS transmissions. 
· Send an LS to RAN4 with the above information and a request to provide the retuning time values needed. 
Agreement
The draft LS in R1-2306215 is endorsed. Final LS in R1-2306216.
Agreement
For PRS bandwidth aggregation, with regards to the signaling in the location information request message, introduce the following:
· A request to indicate UE which two or three PFLs to be used for performing joint measurement 
· A new ReportingGranularityfactor smaller than 0 which can be applicable at least when the LMF requests aggregated measurements
· Support at least the values of k={-1,-2}
· FFS other values e.g. -3, -4, -5, -6
· Send RAN4 an LS to confirm the feasibility
Conclusion
For PRS bandwidth aggregation, PPW is not supported in Rel-18. 
Agreement
When the UE receives a request to perform aggregated measurements, 
· TRP(s) that include PRS aggregation have higher priority than the TRPs that do not include PRS aggregation
· If 2 or more TRPs include linked resources, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority
· If a PRS resource set is linked for aggregation, then it has higher priority compared to the PRS resource set not linked for aggregation.
· If both sets in a PFL are linked for aggregation, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority
Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the following is needed for the aggregated SRS resources 
· The same periodicityAndOffset, and slotOffset
· The configuration of pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)
· The same configuration of Po and alpha. 
· Note: UE may either perform pathloss RS measurement across CCs and form a single path loss value to apply across CCs or perform pathloss RS measurement in a single CC and apply across CCs
Agreement
For SRS bandwidth aggregation across two or three carriers, support
· 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. 
Agreement
To support intra-band contiguous SRS bandwidth aggregation for UE in RRC_INACTIVE state, frequency information (e.g. point A, offset to carrier) of one or two additional carriers with respective SRS configurations should be provided to the UE, where the newly introduced carrier(s) and the carrier of the initial BWP should be intra-band contiguous carriers.
Working assumption 
· For semi-persistent positioning SRS for bandwidth aggregation, a single MAC CE can activate or deactivate:
· SRS resource set(s) in one or two or three of three aggregated carriers
· SRS resource set(s) in one or two of two aggregated carriers.
Note: the single spatial relation is indicated by the MAC CE for each of two or three aggregated SRS resources.
Send an LS to RAN2 to confirm the feasibility.
Agreement
Draft LS in R1-2306213 is endorsed with the following change:
[bookmark: _Hlk135984192]ACTION: RAN1 respectfully asks RAN2 to check the feasibility of the working assumption and take the above information into account for their future workinform RAN1 of RAN2’s conclusion on the feasibility.

Final LS agreed in R1-2306214.
Agreement
For positioning SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs.
Agreement
For a carrier including positioning SRS for aggregation,
· Positioning SRS can be transmitted only when the carrier is activated
· This is also applicable for the carrier only including positioning SRS for aggregation
Agreement
With regard to support of aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state, at least the existing Rel-17 DCI framework (i.e. use multiple DCIs schedule SRSs in multiple carriers) can be reused
· FFS: whether Rel-18 DCI framework for multi-cell PDSCH/PUSCH scheduling with a single DCI (i.e. single DCI schedules SRSs in multiple carriers) can also be reused with or without specification work in RAN1.
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 the contribution, we present our views on bandwidth aggregation for PRS and SRS for positioning. 
Bandwidth aggregation for DL PRS
Common transmission properties
At the RAN1#113 meeting, additional conditions to enable DL PRS bandwidth aggregation across intra-band contiguous carriers were agreed, which includes same periodicity and slot offset, muting pattern, NR-DL-PRS-SFN0-Offset value. Further, UE expects to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths in frequency domain [1]. 
In addition, it was agreed that per TRP basis and per PRS resource set basis is supported for the linkage between PFLs for PRS bandwidth aggregation [1]. In this case, in order to simplify the operation for PRS bandwidth aggregation, it is more desirable to allocate the same number of PRS resources for the linked PRS resource set. Similar to the consideration of same periodicity and slot offsets to enable PRS bandwidth aggregation, this may help relax gNB implementation on the Tx beam alignment for PRS transmission across different carriers. 
Further, it was agreed at the RAN1#113 meeting to further study whether same antenna port from RAN1 perspective is needed to enable PRS bandwidth aggregation. As captured in TS38.211, same antenna port is defined to enable channel estimation from one symbol to another symbol. For PRS bandwidth aggregation, this condition may not be directly applied as the channel characteristic from one carrier cannot be determined from another carrier. It should be noted that it was agreed at the RAN1#112 meeting that phase continuity needs to be maintained across contiguous PFLs, which can be considered as a stronger and thus, sufficient condition to enable PRS bandwidth aggregation. Hence, in our view, same antenna port from RAN1 specification perspective is not needed to be listed as a necessary condition to enable PRS bandwidth aggregation as it can be confusing when interpreted in context of current definition in TS 38.211. 
	An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 


As indicated in the reply LS from RAN4, RAN1 needs to capture the following two aspects for PRS/SRS bandwidth aggregation using single RF chain [2]. 
	In addition, RAN4 would like to request RAN1 to capture bandwidth aggregation procedure for positioning measurement based on the conditions below in one of the relevant RAN1 specifications.
· PRS/SRS resources to be aggregated are transmitted by TRP/UE from intra-band contiguous carriers using single RF chain (same antenna).
· PRS/SRS resources to be aggregated are received by UE/TRP using single RF chain (same antenna).


In our view, the above could be captured as suggested by RAN4, i.e., with reference to single RF chain. Here, it is worth noting that “same antenna port” in RAN1 specifications is not the same as what RAN4 intends to be captured. As explained above, “antenna port” is a particular abstraction on determination of the effective channel which would not be accurate representation of “single RF chain” suggested by RAN4. At the same time, we acknowledge that reference to “RF chain” or “same antenna” may not be desirable from the perspective of RAN1 specifications. 
In such a case, it may be reasonable to respond to RAN4 sharing that the assumption on phase continuity (which is relevant to the RAN4 request) is already captured in RAN1 specifications and that the conditions stating “single RF chain” may be best captured in RAN4 specifications if deemed essential by RAN4. 
Proposal 1
· To enable DL PRS bandwidth aggregation, the following condition should be satisfied:
· Same number of PRS resources in the linked PRS resource sets for a TRP.
· Condition on “same antenna port” in RAN1 specifications to enable DL PRS bandwidth aggregation would not be accurate representation of the RAN4 request.
· Send a reply LS to RAN4 sharing that the assumption on phase continuity (which is relevant to the RAN4 request) is already captured in RAN1 specifications and that the conditions stating “single RF chain” may be best captured in RAN4 specifications if deemed essential by RAN4.

Collision handling
At the RAN1#112b-e meeting, for the case when PRS in one of aggregated PFLs is dropped due to collision with SSB, two alternatives were agreed [3].
· 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)
The choice between the two options may depend on specific implementation for positioning measurement at UE side. For instance, if more advanced algorithm, e.g., MUSIC is employed for positioning measurement, targeted positioning performance may still be achieved even if PRS transmission in one of aggregated PFLs is dropped due to collision with SSB. In this regard, it would be more preferable to allow UE to continue to perform positioning measurement in the remaining PRSs in other PFLs and report the corresponding measurements.
Proposal 2
· In case PRS in one of aggregated PFLs is dropped, UE continues to perform positioning measurement in the remaining PRSs in other PFLs and reports the corresponding measurements.  

Bandwidth aggregation for SRS for positioning
Common transmission properties
At the RAN1#113 meeting, additional conditions to enable SRS bandwidth aggregation across intra-band contiguous carriers were agreed, which includes periodicityAndOffset, and slotOffset, same configuration of Po and alpha. Further, it was agreed that per SRS resource set basis is supported for SRS bandwidth aggregation across two or three carriers [1]. Similar to the conditions to enable DL PRS bandwidth aggregation, same number of SRS resources in an SRS resource set may be configured to simplify the operation at UE side, especially when considering the Tx beam alignment for SRS transmission in different carriers. 
As described above, same antenna port from RAN1 specification perspective is not needed as necessary conditions to enable positioning SRS bandwidth aggregation. Similarly, same timing advance offset or the same TAG is also not needed for positioning SRS bandwidth aggregation. In our view, maintaining phase continuity is already sufficient condition to enable SRS bandwidth aggregation across intra-band contiguous carriers. 
Proposal 3
· To enable SRS bandwidth aggregation, the following condition should be satisfied:
· Same number of SRS resources in the linked SRS resource set.
· Condition on “same antenna port” in RAN1 specifications to enable SRS bandwidth aggregation would not be accurate representation of the RAN4 request.
· Send a reply LS to RAN4 sharing that the assumption on phase continuity (which is relevant to the RAN4 request) is already captured in RAN1 specifications and that the conditions stating “single RF chain” may be best captured in RAN4 specifications if deemed essential by RAN4.

Collision handling
At the RAN1#112b-e meeting, the following two options were agreed if SRS in one of aggregated carriers is dropped in a symbol [3]:
· 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.
According to the NR specification, when SRS transmission overlaps with other UL channel or signals, SRS may be cancelled or dropped on the overlapping symbols. For instance, when P/SP/A-SRS transmission overlaps with a PUCCH carrying HARQ-ACK feedback, SRS transmission is dropped on the overlapping symbols. In case of SRS with bandwidth aggregation, if SRS transmission is dropped or cancelled in one of the contiguous carriers, it would be desirable to allow the UE to continue transmitting SRS for positioning in the remaining carriers, given that the gNB may use advanced/alternative algorithms for positioning measurement, e.g., non-coherently process the transmitted SRS in each CC. However, as the remaining carriers may not be contiguous in frequency, it is not reasonable to assume that the UE would still maintain phase continuity for the SRS transmission in the remaining carriers. 
Figure 1 illustrates one example of SRS bandwidth aggregation when SRS in one carrier is dropped. In this case, UE may not maintain the phase continuity on the SRS transmission in the remaining carriers. 
[image: ]
[bookmark: _Ref125278824]Figure 1. SRS bandwidth aggregation when SRS in one carrier is dropped
Proposal 4
· If SRS in one of aggregated carriers is dropped in a symbol, SRS is still transmitted in other carriers in the same symbol.  UE may not maintain phase continuity across the remaining carriers. 

Triggering for SRS bandwidth aggregation
At the RAN1#113 meeting, it was agreed that existing Rel-17 DCI framework (i.e., use multiple DCIs schedule SRSs in multiple carriers) can be reused for aperiodic positioning SRS with bandwidth aggregation. It is for further study whether Rel-18 DCI framework for multi-cell PDSCH/PUSCH scheduling with a single DCI (i.e., single DCI schedules SRSs in multiple carriers) can also be reused [1]. 
To optimize A-SRS transmission for positioning with bandwidth aggregation, it is more desirable to support a single DCI to trigger SRS transmissions for positioning in contiguous carriers. Using separate DCIs to trigger A-SRS transmission in different carriers may result in scheduling restrictions, as the gNB needs to ensure the same time domain resource allocation for triggered SRS transmissions to enable SRS bandwidth aggregation. In addition, if one of the DCIs for triggering SRS transmission is missed at the UE side, this approach may not work as effectively as triggering SRS transmission in contiguous carriers simultaneously using a single DCI. 
If a single DCI is used to trigger SRS transmission across intra-band contiguous carriers, and an SRS resource set in the indicated CC is triggered, the UE can determine the SRS resource sets in other carriers based on the linkage between SRS resource sets across contiguous carriers. Figure 2 illustrates one example of using a single DCI to trigger A-SRS transmission for positioning with bandwidth aggregation. In the figure, SRS resource set in CC#1 is triggered by the scheduling DCI. As CC#0 and CC#1 are linked for SRS for positioning with bandwidth aggregation, SRS resource sets in both CC#0 and CC#1 are triggered. 
[image: ]
[bookmark: _Ref125320484]Figure 2. Triggering A-SRS for positioning with bandwidth aggregation using a single DCI
Proposal 5
· For aperiodic SRS for positioning with bandwidth aggregation:
· Support a single DCI to trigger SRS transmission in contiguous carriers simultaneously.  
· SRS resources sets across linked CCs can be triggered, based on the linkage between SRS resource sets across contiguous carriers.  

[bookmark: _Ref133577644]Tx power for SRS with bandwidth aggregation
At the RAN1#112b-e meeting, it was agreed that in the case when total UE transmit power exceeds maximum transmit power, same power prioritization between the aggregated carriers for SRS transmission is supported. Further, 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 [3].
When total transmit power exceeds maximum transmit power for positioning SRS transmission with bandwidth aggregation, a scaling factor may be used to adjust the transmit power in each carrier. As different transmission bandwidths may be used for positioning SRS transmission in different carriers, the scaling factor may be calculated based on the SRS transmission bandwidth in the carrier and the total transmission bandwidth used for positioning SRS with bandwidth aggregation. In this regard, the transmit power per subcarrier for positioning SRS across contiguous carriers for bandwidth aggregation can remain constant. 

Proposal 6
· When total transmit power exceeds maximum transmit power, a transmit power scaling factor in a carrier can be calculated based on SRS transmission bandwidth in a carrier and total SRS transmission bandwidth across contiguous carriers. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on bandwidth aggregation for PRS and SRS for positioning. Further, we summarize the proposals as follows:
Proposal 1
· To enable DL PRS bandwidth aggregation, the following condition should be satisfied:
· Same number of PRS resources in the linked PRS resource sets for a TRP.
· Condition on “same antenna port” in RAN1 specifications to enable DL PRS bandwidth aggregation would not be accurate representation of the RAN4 request.
· Send a reply LS to RAN4 sharing that the assumption on phase continuity (which is relevant to the RAN4 request) is already captured in RAN1 specifications and that the conditions stating “single RF chain” may be best captured in RAN4 specifications if deemed essential by RAN4.
Proposal 2
· In case PRS in one of aggregated PFLs is dropped, UE continues to perform positioning measurement in the remaining PRSs in other PFLs and reports the corresponding measurements.  
Proposal 3
· To enable SRS bandwidth aggregation, the following condition should be satisfied:
· Same number of SRS resources in the linked SRS resource set.
· Condition on “same antenna port” in RAN1 specifications to enable SRS bandwidth aggregation would not be accurate representation of the RAN4 request.
· Send a reply LS to RAN4 sharing that the assumption on phase continuity (which is relevant to the RAN4 request) is already captured in RAN1 specifications and that the conditions stating “single RF chain” may be best captured in RAN4 specifications if deemed essential by RAN4.
Proposal 4
· If SRS in one of aggregated carriers is dropped in a symbol, SRS is still transmitted in other carriers in the same symbol.  UE may not maintain phase continuity across the remaining carriers. 
Proposal 5
· For aperiodic SRS for positioning with bandwidth aggregation:
· Support a single DCI to trigger SRS transmission in contiguous carriers simultaneously.  
· SRS resources sets across linked CCs can be triggered, based on the linkage between SRS resource sets across contiguous carriers.  
Proposal 6
· When total transmit power exceeds maximum transmit power, a transmit power scaling factor in a carrier can be calculated based on SRS transmission bandwidth in a carrier and total SRS transmission bandwidth across contiguous carriers. 
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