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Introduction
In RAN #98 e-meeting, bandwidth aggregation has been captured in NR_pos_enh2 [1]. In this contribution, we present our views on the issue.
	· 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 the SI phase, RAN4 has studied PRS/SRS bandwidth aggregation and reached a bunch of agreements. In this contribution, we discuss the issue from the RAN1 perspective.
The condition for bandwidth aggregation
	Agreement
To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following conditions should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs:  
· In the same slot, in same symbols, by the same TRP associated with the same ARP, from the same RF chain (i.e. the same antenna), this implies 
· FFS: The same gNB Tx TEG and the same UE Rx TEG, the maximum TX timing error margin
· The same QCL
· The same number of symbols, symbol location within one slot, repetition factor, 
· FFS: the same periodicity and slot offset
· FFS muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of PRS resource sets and resources for a TRP 
· The same power per subcarrier
· FFS: the same NR-DL-PRS-SFN0-Offset 
· Aggregated PFLs are configured on the same aligned numerology grid
· FFS: How to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones (e.g, PFLs with different RE-offset configurations, PFLs with different point A)
· Phase continuity between aggregated PFLs 
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
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


In RAN1#112 and RAN1#112bis-e meeting, some conditions are agreed upon as above, but there are some FFSs for the condition of PRS bandwidth aggregation, including
(0) Antenna port
Considering the Phase continuity between aggregated PFLs is agreed upon, we can accept the same antenna port is used to indicate the phase continuity between PFLs from RAN 1 perspective.
(1) TEG issue
	Agreement: 
· No need to discuss TAE for single RF chain architecture
· TAE refers the TAE requirements across carriers in BS specification.
Agreement:
· Agree on Option 1
· single chain Tx architecture means the single RF chain with single antenna


Based on the RAN4 agreement, the single RF chain means the same TEG at least. Besides, due to TEG being per band capability, the same TEG means the same TEG ID. For the ideal situation, the same RF chain and antenna may mean the timing error difference between different carriers is tiny. But considering the legacy TAE requirement will be reused based on RAN4 agreement, we are not sure if any RAN1 condition for the timing error difference is needed. So, from the RAN1 perspective, the same TEG ID can be supported.
(2) time domain issue
In the last meeting, some companies propose that partial periodicity can be aggregated and partial cannot. The enhancement condition may lead to different UE behaviors in different periodicities and different RAN4 latency requirements for CA. So, for simplicity, we prefer the periodicity and offset to be the same.
(3) The number of resource/set issue
In our view, the issue is related to the discussion of resource basis or set basis aggregation. As for intra-band and single RF chain cases, the resource numbers in a set that can be aggregated should be the same across carriers since the resource number refers to the beam configuration which should be the same for single RF chain. Regards the condition for the same set number, it is only needed for the case that all PRS set per TRP are linked to being aggregated. So, we prefer the same number of PRS resources for an aggregated set of TRP at least.
(4) Guard band issue
The same aligned numerology grid condition for aggregated PFLs has been agreed upon. It asks the aggregated PFLs to use the same raster. The channel spacing between adjacent carriers will be multiple of 0.3MHz based on the definition as the following RAN4 definition and may not be multiple of 180kHz(1PRB) for SRS/PRS. So, it is difficult to guarantee continuous SRS/PRS patterns with the same RE offset for different carriers. The potential solutions can be
· PFLs with different RE-offset configurations
· PFLs with the common point A for intra-band CA and different start PRB. 
	For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent NR component carriers is defined as the following unless stated otherwise:
For NR operating bands with a 100 kHz channel raster:


while for NR operating bands without a 100 kHz channel raster:




From the transmission or reception side, common point A is simpler to generate a larger signal in aggregation bandwidth. But anyway, the condition is to maintain the contiguous PRS pattern, how to maintain contiguous PRS pattern can be up to the implementation. Therefore, we propose
Proposal 1: [bookmark: _Hlk131694169]
· To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following additional conditions should be satisfied for the aggregated PRS resources from a TRP
· The same antenna port
· The same TEG ID
· The same periodicity and offset, and slot offset
· The same number of PRS resource
· [bookmark: OLE_LINK5]The frequency gap of PRS RE between PFLs is the multiple of comb size and SCS
· How to maintain contiguous PRS pattern can be up to the implementation
· Phase/timing continuity between PFLs can be up to RAN4.

	Agreement
To enable SRS bandwidth aggregation between SRS in two or three carriers, the following conditions should be satisfied for the aggregated SRS resources across the aggregated carriers
· In the same slot, in same symbols, from the same antenna, this implies
· FFS: The same gNB Rx TEG and the same UE Tx TEG
· The same spatial relation
· The same startPosition, nrofSymbols
· FFS: periodicityAndOffset, and slotOffset
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of SRS resource sets and resources 
· The same Tx PSD (power per subcarrier)
· FFS whether to need the same pathloss RS, Po and alpha
· Note: the Tx PSD is not captured in RAN1 specifications
· FFS: SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· Phase continuity between aggregated SRS in different carriers
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 same 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


A similar proposal is suggested as follows for SRS based on the PRS
Proposal 2: [bookmark: _Hlk131694175]
· To enable SRS bandwidth aggregation between SRS in two or three carriers, the following additional conditions should be satisfied for the aggregated SRS resources
· The same antenna port
· The same TEG ID
· The same periodicity and offset, and slot offset
· The same number of SRS resource
· The frequency gap of SRS RE between carriers is the multiple of comb size and SCS
· How to maintain contiguous SRS pattern can be up to the implementation
· Phase/timing continuity between carriers can be up to RAN4
The enhancement for DL bandwidth aggregation
3.1 The configuration and reporting information enhancement 
3.1.1 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, 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.


The first remaining issue is about the link level. We prefer per resource set per TRP level since only intra-band CA is supported. This is due to the fact the same beams are expected to be configured (i.e., the same resource number is expected) for a TRP in intra-bands.
The main argument against resource set level was different digital beams configuration across PFLs and power saving gain for resource level aggregation. For digital beams, we would like to know which scenario needs the digital beam configuration to be different across PFLs, and the potential benefit of the configuration. If the same digital beam is configured, the set basis is straightforward. For power consumption, the power gain of resource level is uncertain considering the UE is mobility and UE can be anywhere in the cell.
Therefore, for us, only part resources support CA is weird for a PRS resource set considering the PRS is a cell-specific signal. In addition, we prefer the same resource number in the aggregation set, and the same resource ID can be aggregated across the linked PRS resource sets.
So, we propose 
Proposal 3: [bookmark: _Hlk131694182]
· For PRS bandwidth aggregation across PFLs, the link is per resource set per TRP
· The same resource ID can be aggregated across the linked PRS resource sets
Besides, based on the above agreement, enhancement of PRS configuration is supported to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. The remaining issue is how to inform UE that two or three PFLs can be linked. Due to per resource set link is proposed, we suggest adding at least one of the following information under the PRS resource set configuration
· linked PFL information (e.g., PFL group information, up two PFL indices, up two sets of frequency information (e.g., (dl-PRS-PointA, StartPRB, Bandwidth))) to indicate which positioning frequency layers can be linked with the PRS resource set 
· linked PRS resource set ID under linked PFL.
Proposal 4: [bookmark: _Hlk131694193]
· Add one of linked PFLs and PRS resource set information under PRS resource set configuration for set level PRS bandwidth aggregation across PFLs
· linked PFL information(e.g ., PFL group information, or up two PFL indices, up two sets of frequency information (e.g.(dl-PRS-PointA, StartPRB, Bandwidth))
· linked PRS resource set ID under linked PFL
3.1.2 The measurement reporting
	Agreement
Support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods
· In a measurement report element, single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs
· FFS: RSRP, RSRPP
· FFS: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement
· FFS whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs
· FFS RSTD reference configuration or report should be enhanced
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


For the detailed content of PFL aggregation indication to indicate whether/which PFLs are aggregated for the PRS measurement, in our view, the PFL aggregation indication indicates whether the measurement is aggregated only if all the UE can only use the same aggregation PFLs as the assistance data. Otherwise, the detailed PFL information for aggregation should be included in the PFL aggregation indication. For example 
· Assistance data
The assistance data includes PFL aggregation indication including detailed PFL information (e.g., which PFLs can be aggregated). And if the assistance date can be broadcast, it indicates the aggregation PFLs (e.g., PFL 1, PFL2 and PFL 3 in figure 1) from the TRP level. 
· Location reporting information
The PFL aggregation indication can also associate with the joint RSTD or single UE Rx-Tx time difference measurement to indicate which PFLs are aggregated for joint measurements if multiple PFLs can be aggregated. For example, 3 PFLs can be aggregated from TRP and assistance data level, but UE can only aggregate two PFLs(e.g., PFL 1, and PFL2 in figure 1). In this case, which PFLs can be aggregated may be needed to inform LMF.


Figure 1:example of PFL that can be aggregated from TRP and UE side 
Therefore, we propose
Proposal 5: [bookmark: _Hlk131694232] 
· For PFL aggregation information in the measurement reporting, support the following.
· The location reporting information can include PFL aggregation indication to indicate which PFLs are aggregated for the PRS measurement
And then the remaining problem is what is the PFL aggregation information. The candidate PFL aggregation indication in a measurement report are listed as follows
Option 1: association with up to three PFL information (e.g., up three PFL indices, up to three sets of frequency information (e.g., (dl-PRS-PointA, StartPRB, Bandwidth))
Option 2: association with a PFL group indication.
Option 3: association with multiple PRS resource set IDs
Therefore, we propose. 
Proposal 6: [bookmark: _Hlk131694249]
· PFL aggregation indication can be one of the following options in a measurement report
· Option 1: association with up three PFL information(e.g., up three PFL indices, up three sets of frequency information (e.g.(dl-PRS-PointA, StartPRB, Bandwidth)
· Option 2: association with a PFL group indication.
· Option 3: association with multiple PRS resource set IDs
	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.


Based on the previous RRM agreement, the FFT size is up to UE implementation. So, to distinguish the measurement behavior (i.e., single FFT/IFFT or multiple FFTs/IFFTs (i.e., FFT/IFFT per carrier)), the FFT type indicator can be introduced.
Proposal 7: [bookmark: _Hlk131694258]
· Introduce an indicator to distinguish single FFT/IFFT or multiple FFT/IFFT operation for bandwidth aggregation measurement.

3.2 The drop rule for PRS bandwidth aggregation 
	Agreement
For the case when PRS in one of aggregated PFL is dropped, e.g. because of collision with SSB, select one of the following solutions for LMF based positioning
· 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)
· FFS the details and the difference between MG and PPW if PPW is supported
· Note: Up to RAN4 to discuss impact on requirements, if any, for such cases


Firstly, considering the above priority between PRS and SSB, we think the related requirement may not be applicable to the case when PRS in one of aggregated PFLs is dropped. In this case, the single RSTD or single UE Rx-Tx time difference for the PRS resources across aggregated PFLs cannot be achieved. Therefore, Alt 1 is more reasonable.
	TS 38.133 5.6.1 introduction
The requirements in clauses 5.6.2, 5.6.3, 5.6.4 and 5.6.5 are applicable to PRS resources that do not collide with other DL signals/channels which include SSB, SIB1, CORESET0, MSG2/MSGB, paging and DL SDT


Moreover, in Rel-17, the priority between DL PRS and SSB is defined in [11, TS 38.133]. So, we prefer to up to RAN4 to confirm the issue.
Proposal 8: 
· For the case when PRS in one of aggregated PFLs is dropped, the single RSTD or single UE Rx-Tx time difference for the PRS resources across aggregated PFLs cannot be achieved
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· Send LS to RAN4 to confirm the issue.

3.3 MG VS PPW
	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


[bookmark: _Hlk127462092]For PPW, the difference between PPW and MG is the UE can only measure the signal within BWP in PPW. Considering the following figure and WID, anyway, Tx and Rx UE have to use one RF chain and antenna to transmit or receive the signal. In this case, even in the PPW, Rx UE has received a wide-bandwidth signal since it should guarantee the received signal across PFLs with the same RF chain and antenna. But if we limited UE only receive the signal in the BWP, the received PRS signal outside BWP should be discarded. We think it an inefficient behavior to discard the useful signal, and cannot understand the motivation and benefit of PRS bandwidth aggregation measurement within PPW.


Figure 2:example figure about the PRS reception within BWP
Moreover, the workload will be increased with the feature, and the potential performance gain is unclear to us. Therefore, considering the limited timeline and RAN4 scope, we prefer the joint measurement within PPW can be dropped in Rel-18.
Proposal 9: [bookmark: _Hlk131694310]
· PPW-based bandwidth aggregation measurement can be dropped in Rel-18
The enhancement for UL bandwidth aggregation
4.1 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, 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


Firstly, since per BWP per carrier SRS configuration is supported, the existing SRS configuration can be reused for bandwidth aggregation. For the FFS issue, we share the same view as DL PRS, per set aggregation is preferred, otherwise, it may lead some gNBs to measure the non-aggregated SRS, and some gNBs to measure the aggregated SRS if the link is resource basis.
Moreover, UE is not expected to transmit multiple SRS resources with different spatial relations in the same symbol. In this case, different digital beams across cells in the same symbol are not supported for SRS.
	TS 38.214 6.2.1.4 UE sounding procedure for positioning purposes
The UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol.


Therefore, we propose
Proposal 10: [bookmark: _Hlk131694355]
· For SRS bandwidth aggregation across two or three carriers, the link is per resource set basis
· The same resource ID can be aggregated across the linked SRS resource sets
[bookmark: OLE_LINK1]And 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 11: [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 12: [bookmark: _Hlk131694373].
· To discuss whether the multiple cells for bandwidth aggregation can be updated for periodic SRS
· If it can, the MAC CE can be used to update the association cells for periodic SRS transmission

4.2 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


Since the single MAC CE can be used for SRS resource sets across the linked carriers, the MAC CE can include Cell group information or multiple cells information, SRS resource set ID-related information, and Spatial relation for SRS resources. In addition, we would like to note that the spatial relation for SRS resources across carries should be the same and can be updated at the same time.



[bookmark: OLE_LINK4]Figure 3: SP Positioning SRS Activation/Deactivation MAC CE
Proposal 13: [bookmark: _Hlk131694380]
· For single MAC CE activate Positioning SRS resource set across carriers, the MAC CE includes
· Cell group information or multiple cells information
· [bookmark: _Hlk131694426]SRS resource set ID 
· Spatial relation for SRS resource across multiple cells or cell group 
	Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details


In addition, aperiodic positioning SRS is supported in the RAN1#112bis-e meeting. The remaining issue is whether support to the use of a single DCI to trigger the aperiodic SRS. Considering the PDSCH/PUSCH in multi-cells with a single DCI is supported in the CA agenda, the DCI can include the indication of co-scheduling cells or FDRA to indicate the co-scheduling cells. For us, single DCI-triggering SRS resource sets across the linked carriers can be supported.
Proposal 14: [bookmark: _Hlk131694389][bookmark: _Hlk127462130]
· Single DCI-triggering SRS resource sets across the linked carriers can be supported.

[bookmark: _GoBack]4.5 The drop rule for SRS bandwidth aggregation transmission
	Agreement
For positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, select one of the following two options:
· 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
· FFS: The UE may not be expected to maintain phase continuity across the remaining carriers
· FFS the applicable scenario, e.g. the positioning SRS collides with another higher priority SRS or others


Based on double-checking the UE feature and the drop rule for intra-band CA, we share the same view that simultaneous transmission of SRS and PUSCH/PUCCH across CCs in intra-band contiguous carriers is not supported.
	Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the aggregated SRS resources are of the same SRS resource-Type.


In addition, the aggregated SRS resources should be the same SRS resource-Type. The SRS resources can be dropped if SRS resources collide with the higher priority SRS in the symbol. Moreover, similar to the existing drop rule between PRACH/ MsgA and SRS, the UE shall drop all SRS symbols at all carriers.
 So, we propose
Proposal 15: [bookmark: _Hlk131694495]
· For positioning SRS bandwidth aggregation between SRS in two or three carriers, if the positioning SRS collides with another higher priority SRS in symbol(s)
·  the UE should drop the positioning SRS in all aggregated carriers in the symbol(s)

4.4 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.




In this case, if a carrier is deactivated, whether UE can transmit SRS in the active carrier and non-active carrier simultaneously? For us, we are not sure we can reserve resources of the non-activated cell for UE. In Rel-18, we prefer to restrict the transmission within the active BWP and activated cell for connected state. 
Proposal 16: [bookmark: _Hlk131694533]
· The SRS transmission is within the active BWP and activated cell.
Conclusion
In this contribution, we discuss potential enhancement for bandwidth aggregation with the following proposals.
Proposal 1: 
· To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following additional conditions should be satisfied for the aggregated PRS resources from a TRP
· The same antenna port
· The same TEG ID
· The same periodicity and offset, and slot offset
· The same number of PRS resource
· The frequency gap of PRS RE between PFLs is the multiple of comb size and SCS
· How to maintain contiguous PRS pattern can be up to the implementation
· Phase/timing continuity between PFLs can be up to RAN4.
Proposal 2: 
· To enable SRS bandwidth aggregation between SRS in two or three carriers, the following additional conditions should be satisfied for the aggregated SRS resources
· The same antenna port
· The same TEG ID
· The same periodicity and offset, and slot offset
· The same number of SRS resource
· The frequency gap of SRS RE between carriers is the multiple of comb size and SCS
· How to maintain contiguous SRS pattern can be up to the implementation
· Phase/timing continuity between carriers can be up to RAN4
Proposal 3: 
· For PRS bandwidth aggregation across PFLs, the link is per resource set per TRP
· The same resource ID can be aggregated across the linked PRS resource sets
Proposal 4: 
· Add one of linked PFLs and PRS resource set information under PRS resource set configuration for set level PRS bandwidth aggregation across PFLs
· linked PFL information(e.g ., PFL group information, or up two PFL indices, up two sets of frequency information (e.g., (dl-PRS-PointA, StartPRB, Bandwidth))
· linked PRS resource set ID under linked PFL
Proposal 5: 
· For PFL aggregation information in the measurement reporting, support the following.
· The location reporting information can include PFL aggregation indication to indicate which PFLs are aggregated for the PRS measurement
Proposal 6: 
· PFL aggregation indication can be one of the following options in a measurement report
· Option 1: association with up three PFL information(e.g., up three PFL indices, up three sets of frequency information (e.g.(dl-PRS-PointA, StartPRB, Bandwidth)
· Option 2: association with a PFL group indication.
· Option 3: association with multiple PRS resource set IDs
Proposal 7: 
· Introduce an indicator to distinguish single FFT/IFFT or multiple FFT/IFFT operation for bandwidth aggregation measurement.
Proposal 8: 
· For the case when PRS in one of aggregated PFLs is dropped, the single RSTD or single UE Rx-Tx time difference for the PRS resources across aggregated PFLs cannot be achieved
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· Send LS to RAN4 to confirm the issue.
Proposal 9: 
· PPW-based bandwidth aggregation measurement can be dropped in Rel-18
Proposal 10: 
· For SRS bandwidth aggregation across two or three carriers, the link is per resource set basis
· The same resource ID can be aggregated across the linked SRS resource sets
Proposal 11: 
· 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 12: .
· To discuss whether the multiple cells for bandwidth aggregation can be updated for periodic SRS
· If it can, the MAC CE can be used to update the association cells for periodic SRS transmission
Proposal 13: 
· For single MAC CE activate Positioning SRS resource set across carriers, the MAC CE includes
· Cell group information or multiple cells information
· SRS resource set ID 
· Spatial relation for SRS resource across multiple cells or cell group 
Proposal 14: 
· Single DCI-triggering SRS resource sets across the linked carriers can be supported.
Proposal 15: 
· For positioning SRS bandwidth aggregation between SRS in two or three carriers, if the positioning SRS collides with another higher priority SRS in symbol(s)
·  the UE should drop the positioning SRS in all aggregated carriers in the symbol(s)
Proposal 16: 
· The SRS transmission is within the active BWP and activated cell.
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