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Introduction
In RAN #98 e-meeting, bandwidth aggregation has been captured in NR_pos_enh2 [1]. 
	· 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].



And in the previous RAN1 meeting, a bunch of agreements have been reached. In this contribution, we discuss the remaining issue on bandwidth aggregation.
The enhancement for DL bandwidth aggregation
2.1 The configuration and reporting information enhancement 
2.1.1 The configuration for PRS bandwidth aggregation
	Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
· FFS whether the link is for all TRPs or per TRP basis
· FFS whether the link is per PRS resource set basis or per PRS resource basis.
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.


In our view, the resource number in different resource sets that can be aggregated is the same if one-to-one mapping is supported, in this case, the UE doesn’t need to check whether the condition is satisfied or not. And, if the resource number in different set is different, we prefer the UE only needs to check whether the PRS resources with the same ID can be linked rather than to check each combination.
So, we propose 
Proposal 1: [bookmark: _Hlk131694182]
· For PRS bandwidth aggregation across PFLs, the same resource ID can be aggregated across the linked PRS resource sets
	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


In the RAN 1#112bis-e meeting agreement, there seems to be ambiguity here to indicate either or both of the following options.
· Option 1: whether measurement is aggregated
· Option 2: which measurement is aggregated
In our view, support both simultaneously is not necessary. And considering option 2 can provide more information and the detailed information is agreed in RAN1#113, we prefer only to support indicating which measurement is aggregated based on PRS resource set IDs
Proposal 2: 
· Update the agreement for PFL aggregation indication in measurement report as the following
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated

	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


Besides, similar to measurement report, LMF can also inform UE which two or three PFLs can be linked by associated PRS resource set IDs in the assistance date. In addition, a similar way can be used for NG-RAN to inform linked PFLs to LMF. Therefore, we propose.
Proposal 3: [bookmark: _Hlk131694193]
· For PRS bandwidth aggregation across PFLs, the PRS resource set ID(s) can be used to inform UE by LMF (or inform LMF by NG-RAN) that PRS resources from which two or three PFLs are linked. 
2.1.2 The measurement reporting
	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:
· [bookmark: OLE_LINK3]From RRM perspective, FFT/IFFT size is up to UE implementation. PRS/SRS bandwidth aggregation should allow UE implementation flexibility i.e., single FFT/IFFT or multiple FFTs/IFFTs (i.e. FFT/IFFT per carrier) implementations.
· PRS/SRS bandwidth aggregation may be supported in RRC_CONNECTED and RRC_INACTIVE subject to UE capability.
· PRS/SRS bandwidth aggregation across Positioning Frequency Layers (PFLs) for positioning measurements is concluded as feasible from RRM perspective.


In previous meetings, the basic content of measurement reporting for aggregation is supported. The remaining issue is about the type of aggregation. 
Based on the previous RRM agreement, the FFT size is up to UE implementation. So, to distinguish the measurement behaviour (i.e., single FFT/IFFT or multiple FFTs/IFFTs (i.e., FFT/IFFT per carrier)), the FFT type indicator can be introduced.
Proposal 4: [bookmark: _Hlk131694258]
· Introduce an indicator to distinguish single FFT/IFFT or multiple FFT/IFFT operation in bandwidth aggregation measurement report.
The enhancement for UL bandwidth aggregation
3.1 Configuration
	TS 38.214
For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource on different CCs, subject to UE's capability
For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource and SRS-Resource on different CCs, subject to UE's capability.
Agreement
For SRS bandwidth aggregation across two or three carriers, support enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked 
· SRS resources are per BWP per carrier configuration
· FFS whether the link is per SRS resource set basis or per SRS resource basis.
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. 


Similar to DL, for the configuration of SRS bandwidth aggregation, we propose
Proposal 5: [bookmark: _Hlk131694355]
· For SRS bandwidth aggregation across two or three carriers, the same SRS resource ID can be aggregated across the linked SRS resource sets.
[bookmark: OLE_LINK1]Then, to realize SRS bandwidth aggregation, SRS resource set can be configured to associate the multiple serving cells or an indication of co-scheduling cells in the agreement in the agenda of multi-cell PUSCH/PDSCH scheduling can be reused.
	Agreement
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X and DCI format 1_X, support the following:  
· If table defining combinations of co-scheduled cells for the set of cells is configured, 
· an indicator in the DCI is included and points to one row of the table.
· The table is configured by RRC signaling for the set of cells.
· Separate tables are configured for downlink scheduling and uplink scheduling 
· The size of the indicator is equal to ceil(log2(N)), where N is the number of rows in the table.
· The max number of rows in the table is 16
· The size of the per-cell Type 2 fields for each co-scheduled cell does not change according to the indicated co-scheduled cell combination
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 1_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table.
· Otherwise, 
· The UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells.
· For Type 0 FDRA, all 0s indicates the cell is not scheduled.
· For Type 1 FDRA, all 1s indicates the cell is not scheduled.
· The size of the Type 2 fields for each cell does not change according to actually co-scheduled cells. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.


Proposal 6: [bookmark: _Hlk131694366][bookmark: _Hlk127462113]
· The Positioning SRS resource set configuration can include
· Cell group information (e.g., indication of co-scheduling cells reusing the agreement in the agenda of multi-cell PUSCH/PDSCH scheduling)
· Multiple serving cell indices
· The positioning SRS resource set ID under linked cells should also be included if the SRS resource set IDs for aggregation are different.
Besides, due to multiple carriers (e.g., 4) can be configured in a band, whether multiple links can be configured for a carrier of SRS, and whether the linked carriers for aggregation SRS transmission can be updated based on the current activated carrier and active BWP in multiple carriers are issues to be solved. For example, band 1 includes 4 carriers {carrier 1 2 3 4}, the bandwidth aggregation of carriers can be {1,2}, {2,3}, {3,4}. So, whether UE can transmit SRS resource set 1 in carrier {1,2} at time 1 if carrier 1 and carrier 2 are activated or carrier 1 and carrier 2 are more suitable for positioning requirement, and transmit SRS resource set 1 in carrier {2,3} at time 2 if carrier 2 and carrier 3 are activated or carrier 2 and carrier 3 are more suitable for positioning requirement may be further discussed.
If multiple cells for bandwidth aggregation can be updated, the MAC CE can also be used to update or configure the linked carriers for periodic SRS.
Proposal 7: [bookmark: _Hlk131694373]
· To discuss whether the multiple cells for bandwidth aggregation can be updated for periodic SRS
· If it is supported, the MAC CE can be used to update the association cells for periodic SRS transmission

3.2 SRS activation
	Agreement
At least support periodic positioning SRS and semi-persistent positioning SRS for bandwidth aggregation
· Support single MAC CE activating positioning SRS resource sets across the linked carriers
· FFS whether support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state. Study a single DCI scheduling positioning SRS across the linked carriers, and check whether the conclusion/agreements in agenda of multi-cell PUSCH/PDSCH scheduling with a single DCI can be reused
· FFS MIMO SRS can be supported for bandwidth aggregation, e.g. with UE transparent way
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.


[bookmark: _Hlk131694380]In a previous meeting, a single MAC CE can activate or deactivate SRS resource set(s) in one or two or three of three aggregated carriers. And aperiodic positioning SRS is supported in the RAN1#112bis-e meeting.
	Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details
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
With regard to aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state, support both Option 2 and Option1.
· Option 2: Support to use a DCI format 0_3 or 1_3 for multi-cell PDSCH/PUSCH scheduling to trigger SRS resources for bandwidth aggregation in multiple CCs.
· Option 1: Support a Rel-17 single DCI scheduling positioning SRS resource sets across the linked carriers, as a separate UE capability.
· Reuse Rel-17 DCI framework without modification. 
· If a single DCI indicates transmission of an aperiodic positioning SRS resource set, UE transmits aperiodic positioning SRS resource sets across all linked carriers for bandwidth aggregation.


Based on the RAN1#113 and RAN1# 114 agreement, multiple Rel-17 DCI or one Rel-17 DCI can be used to trigger aperiodic positioning SRS for bandwidth aggregation. In this case, a new higher layer parameter may need to be introduced to distinguish whether Rel-17 DCI is used for scheduling aggregated positioning SRS resource across all linked carriers or not.
So, we propose
Proposal 8: 
· Introduce a new higher layer parameter to indicate whether to enable Rel-17 single DCI-triggering SRS resource sets across the linked carriers.

[bookmark: _Hlk131694389][bookmark: _Hlk127462130]
3.3 The relationship between UL communication CA and SRS bandwidth aggregation
	Agreement
Study the relationship between UL communication CA and SRS bandwidth aggregation, including
· Whether to support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities
· Whether to support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA, i.e. SRS outside BWP and across carriers
Agreement
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.



In Rel-16, it restricts only configured SRS in carriers with PUSCH/PUCCH schedules. And if the SCell is deactivated, the SRS cannot be transmitted.
	TS 38.214
The UE does not expect to be configured with SRS-PosResource on a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission.

TS 38.321
1>	if the SCell is deactivated:
2>	not transmit SRS on the SCell;
2>	not report CSI for the SCell;
2>	not transmit on UL-SCH on the SCell;
2>	not transmit on RACH on the SCell;
2>	not monitor the PDCCH on the SCell;
2>	not monitor the PDCCH for the SCell;
2>	not transmit PUCCH on the SCell.
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



Based on the previous agreement, the Positioning SRS can be transmitted only when the carrier is activated, and the ‘activated’ carrier can be the scells in RRC_CONNECTED state activated for SRS for aggregation only or the scells in RRC_INACTIVE state configured in RRC_release for SRS for aggregation only. 
	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.


In this cases,  it should be noted that the UE may transmit positioning SRS for aggregation without other normal Scell operations (e.g., PDCCH monitoring, PHR reporting, etc.) even though those cells can be seen as activated.
Proposal 9: [bookmark: _Hlk131694533]
· If one or two additional carriers are activated for SRS bandwidth aggregation only
·  The legacy SCell operations such as, e.g., PDCCH monitoring, PHR reporting, etc.  may not be applied
· The sCellDeactivationTimer may be disabled for those carriers
Conclusion
[bookmark: _GoBack]In this contribution, we discuss remaining issues on bandwidth aggregation with the following proposals.
Proposal 1: 
· For PRS bandwidth aggregation across PFLs, the same resource ID can be aggregated across the linked PRS resource sets
Proposal 2: 
· Update the agreement for PFL aggregation indication in measurement report as the following
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
Proposal 3: 
· For PRS bandwidth aggregation across PFLs, the PRS resource set ID(s) can be used to inform UE by LMF (or inform LMF by NG-RAN) that PRS resources from which two or three PFLs are linked. 
Proposal 4: 
· Introduce an indicator to distinguish single FFT/IFFT or multiple FFT/IFFT operation in bandwidth aggregation measurement report.
Proposal 5: 
· For SRS bandwidth aggregation across two or three carriers, the same SRS resource ID can be aggregated across the linked SRS resource sets.
Proposal 6: 
· The Positioning SRS resource set configuration can include
· Cell group information (e.g., indication of co-scheduling cells reusing the agreement in the agenda of multi-cell PUSCH/PDSCH scheduling)
· Multiple serving cell indices
· The positioning SRS resource set ID under linked cells should also be included if the SRS resource set IDs for aggregation are different.
Proposal 7: 
· To discuss whether the multiple cells for bandwidth aggregation can be updated for periodic SRS
· If it is supported, the MAC CE can be used to update the association cells for periodic SRS transmission
Proposal 8: 
· Introduce a new higher layer parameter to indicate whether to enable Rel-17 single DCI-triggering SRS resource sets across the linked carriers.
Proposal 9: 
· If one or two additional carriers are activated for SRS bandwidth aggregation only
·  The legacy SCell operations such as, e.g., PDCCH monitoring, PHR reporting, etc.  may not be applied
· The sCellDeactivationTimer may be disabled for those carriers
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