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At the RAN1#112 meeting, the following agreements were made regarding bandwidth aggregation for positioning measurements [1]:
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
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 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
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 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
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation
· FFS details
· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations
· FFS details
Agreement
From RAN1 perspective, support UE performs PRS measurement across multiple aggregated PFLs in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE state.
Agreement
Support joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods
· Single UL RTOA or gNB Rx-Tx time difference is reported for the SRS resources across aggregated carriers
· FFS: RSRP or RSRPP
· FFS: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement
· Support LMF to request gNB for the UL positioning measurement from aggregated SRS resources across multiple CCs
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
Agreement
Study potential power control enhancement of simultaneous transmission of SRS for SRS bandwidth aggregation especially in the case when the total uplink transmission power across multiple carriers exceeds P_c,max
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
In the contribution, we present our views on bandwidth aggregation for PRS and SRS for positioning. 
Bandwidth aggregation for DL PRS
The basic principle of bandwidth aggregation of positioning reference signals is to effectively constitute a wideband channel based on multiple channel observations in contiguous carriers so as to increase discrete Fourier size and reduce a sample time duration. In this regard, the accuracy of measurements from timing-based DL-TDOA, UL-TDOA, and Multi-RTT positioning methods can be further enhanced. 
At the RAN1#112 meeting, it was agreed that 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 is supported [1]. In this case, existing DL PRS resource configuration including positioning frequency layers, DL PRS resource set and DL PRS resource can be reused, which can minimize the specification impact and implementation effort. Further, based on the linkage between two or three PFLs, UE can determine the corresponding PFLs in contiguous carriers for proper positioning measurement.
As different TRPs may target for different UEs for the transmission of PRS, it is not reasonable to link the PRS resource for all TRPs. Further, considering the same number of PRS resources in a PRS resource set for a TRP, it is more appropriate to link PRS transmission for bandwidth aggregation on a PRS resource set basis, which can help reduce UE implementation complexity. In this regard, UE only needs to check whether a PRS resource set is associated with other PRS resource sets in the same symbol across intra-band contiguous carriers. Figure 1 illustrates DL PRS bandwidth aggregation across intra-band contiguous carriers. In the figure, PRS resource sets in CC#0 and #1 are linked. 
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[bookmark: _Ref125199909]Figure 1. DL PRS bandwidth aggregation across intra-band contiguous carriers

Proposal 1
· For PRS bandwidth aggregation, the linkage is per TRP basis and per PRS resource set basis.

At the RAN1#112 meeting, various conditions to enable DL PRS bandwidth aggregation across intra-band contiguous carriers were agreed, which includes the same QCL, same time domain resource allocation in a slot, same numerology, same comb size, same power per subcarrier, phase continuity between aggregated PFLs, etc. It is for further study on whether muting pattern, periodicity and slot offset need to be same across different PFLs [1]. 
Note that if the muting pattern from different PFLs is not aligned, additional checking on whether some of the PRSs in contiguous carriers are not transmitted needs to be performed at UE side for positioning measurement, which may not be desirable in terms of implementation complexity. Further, it becomes challenging for gNB to coordinate the Tx beam for PRS transmissions in the same symbol if the periodicities and slot offsets are not same for PFLs across different carriers. Hence, in our view, same time domain resource allocation across PFLs in different carriers including same periodicity and slot offset, same muting pattern and NR-DL-PRS-SFN0-Offset should be supported for PRS with bandwidth aggregation. 
To further simplify the operation, it is more desirable to allocate the same number of PRS resources per PRS resource set for PRS bandwidth aggregation. Similar to the consideration of same periodicity and slot offsets, this may help relax gNB implementation on the Tx beam alignment for PRS transmission across different carriers. 
Proposal 2
· To enable DL PRS bandwidth aggregation, the following conditions should be satisfied
· Same periodicity and slot offset
· Same muting pattern
· Same NR-DL-PRS-SFN0-Offset
· Same number of PRS resources in a PRS resource set for a TRP

Bandwidth aggregation for SRS for positioning
Configuration and triggering for SRS bandwidth aggregation
At the RAN1#112 meeting, it was agreed that enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked is supported for SRS for positioning with bandwidth aggregation [1]. In this case, existing SRS resource set configuration, including SRS resource set and SRS resource configuration can be reused, which can minimize the specification impact and implementation effort. 
Similar to DL PRS bandwidth aggregation as mentioned above, it would be more desirable to link SRS resource set across different carriers for SRS bandwidth aggregation so as to simplify UE implementation. In this case, UE only needs to check whether an SRS resource set is associated with other SRS resource sets in the same symbol(s) across different carriers. If successful, UE can simply determine that the SRS resources within the SRS resource sets are linked for SRS bandwidth aggregation. 
Proposal 3
· For SRS bandwidth aggregation, the linkage is per SRS resource set basis. 

In Rel-17, SRS for positioning is supported for UEs in RRC_INACTIVE mode, with the motivation of low latency application and reducing power consumption for UL-TDOA and multi-RTT positioning methods. Considering such benefits, it is more appropriate to extend this design principle for SRS for positioning with bandwidth aggregation. In particular, SRS for positioning with bandwidth aggregation should be supported for UEs in RRC_CONNECTED and RRC_INACTIVE state. 
At the RAN1#112 meeting, it was agreed that at least periodic positioning SRS and semi-persistent positioning SRS for bandwidth aggregation are supported. Further, single MAC-CE activating positioning SRS resource sets across the linked carriers is supported [1]. Note that as defined in Rel-16, aperiodic triggering of SRS transmission for positioning was introduced for low latency positioning application. Following this design principle, aperiodic SRS for positioning with bandwidth aggregation should be supported. 
For A-SRS transmission for positioning with bandwidth aggregation, when an SRS resource set in the indicated CC is triggered, 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. 
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[bookmark: _Ref125320484]Figure 2. Triggering A-SRS for positioning with bandwidth aggregation using a single DCI
Proposal 4
· SRS for positioning with bandwidth aggregation is supported for UEs in RRC_CONNECTED and RRC_INACTIVE states.
· Aperiodic SRS for positioning with bandwidth aggregation is supported. 
· SRS resources sets across linked CCs can be triggered by a scheduling DCI, based on the linkage between SRS resource sets across contiguous carriers.  

Conditions to enable SRS bandwidth aggregation
At the RAN1##112 meeting, various conditions to enable SRS bandwidth aggregation across intra-band contiguous carriers were agreed, which includes the same spatial relation, same time domain resource allocation in a slot, same numerology, same comb size, same Tx power per subcarrier, phase continuity between aggregated SRS in different carriers, etc [1]. 
Similar to the conditions to enable DL PRS bandwidth aggregation, same time domain resource allocation for SRS transmissions in different carriers including same periodicity and slot offset should be supported for SRS bandwidth aggregation. Further, 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. 
It was agreed at the RAN1#112 meeting that periodic and semi-persistent positioning SRS with bandwidth aggregation are supported. Given the fact that for periodic and semi-persistent SRS transmission, SRS resource set is configured by RRC signalling and activated/released by MAC-CE, respectively, it is more desirable to consider a same resourceType for SRS for positioning in different carriers. In addition, if aperiodic SRS transmission for bandwidth aggregation is supported, this may pose certain restriction on the configuration/scheduling for SRS bandwidth aggregation when aperiodic SRS transmission in one carrier and periodic SRS transmission are bundled in the same symbol. 
Proposal 5
· To enable SRS bandwidth aggregation, the following conditions should be satisfied
· Same periodicityAndOffset, and slotOffset 
· Same number of SRS resources in an SRS resource set
· Same resourceType

As defined in NR, 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. For SRS with bandwidth aggregation, if SRS transmission is dropped or cancelled in one of the multiple contiguous carriers, UE may not need to maintain the phase continuity. Figure 3 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. 
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[bookmark: _Ref125278824]Figure 3. SRS bandwidth aggregation when SRS in one carrier is dropped
Proposal 6
· For SRS bandwidth aggregation, UE may not maintain phase continuity when SRS transmission is dropped or cancelled in a carrier. 

Tx power for SRS with bandwidth aggregation
At the RAN1#112 meeting, it was agreed that same Tx PSD for SRS transmission across intra-band contiguous carriers is required to enable SRS bandwidth aggregation [1]. To realize same Tx PSD for SRS bandwidth aggregation, one straightforward solution is that transmit power for SRS transmission can be determined in a reference carrier and subsequently the same Tx PSD is applied for SRS transmission in another carrier. Alternatively, UE may be configured with same Po and alpha values for different carriers for SRS transmission. Further, reference signal for pathloss calculation may be configured with a same reference signal from a carrier. Based on this configuration, a same Tx PSD for SRS transmission in contiguous carriers can be ensured. 
For the first option, it is evident that UE does not need to separately calculate the transmit power for SRS transmission in each carrier for SRS bandwidth aggregation, which would help in reducing the implementation complexity. Hence, in our view, in order to realize same Tx PSD for SRS bandwidth aggregation, UE determines the transmit power for SRS transmission in a reference carrier and applies the Tx same PSD for SRS transmission in other carriers. 
Proposal 7
· To realize same Tx PSD for SRS bandwidth aggregation, UE determines the transmit power for SRS transmission in a reference carrier and applies the same Tx PSD for SRS transmission in other carriers. 

Further, after UE determines the transmit power for SRS transmissions with bandwidth aggregation, when the total transmit power for SRS transmission exceeds the maximum transmit power that can be supported for a UE, transmit power enhancement may need to be considered for SRS bandwidth aggregation. In particular, a scaling factor may be commonly applied for the transmit power of SRS transmission across contiguous carriers for bandwidth aggregation so that the total transmit power does not exceed the maximum transmit power. 
Proposal 8
· A scaling factor may be commonly applied for the transmit power of SRS transmission in different carriers so that the total transmit power does not exceed the maximum transmit power. 

Relationship between CA and bandwidth aggregation
At the RAN1#112 meeting, it was agreed to 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 or to support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA [1]. 
For the relationship between CA for communication and bandwidth aggregation for positioning, various options can be considered, which depends on whether bandwidth aggregation for positioning can be configured independently from CA for communication. For example, reception of DL PRS with bandwidth aggregation may be configured to a UE indicating support of both DL CA and bandwidth aggregation for DL PRS. However, the configuration of the PFLs used for DL PRS bandwidth aggregation may not be coupled to configuration of CCs for DL CA operation. As a particular example, reception of DL PRS with bandwidth aggregation may be configured on a set of contiguous intra-band DL component carriers (CCs) independent of DL CA operation. For example, when not configured with DL CA, the configuration of the DL serving cells other than the primary cell may be provided separately and limited only to reception of DL PRS with bandwidth aggregation, and the reception of DL PRS with bandwidth aggregation may be limited to within measurement gaps in the primary serving cell. The same design principle can also apply for the transmission of SRS with bandwidth aggregation and UL CA operation. 
As another option, configuration for reception of DL PRS or transmission of SRS with bandwidth aggregation may be piggybacked on the configuration for DL or UL CA, respectively. In particular, DL PRS reception or UL SRS transmission with bandwidth aggregation may be configured on a subset of contiguous intra-band CCs that the UE has been configured with for DL or UL CA operation. 
Such decoupling between DL CA configuration and CCs for DL PRS bandwidth aggregation would be consistent with current DL PRS design and robust to potential changes to DL CA configuration by a gNB that could be independent of the LMF. Further, it is preferred that DL PRS reception with bandwidth aggregation is limited to within Measurement Gaps (MGs) in RRC_CONNECTED state. Thus, there would be no issues with such decoupling.
For SRS for positioning with bandwidth aggregation, the second option could be simpler and more consistent with current design approach. Thus, the baseline assumption can be that the UL CCs for SRS BW aggregation are aligned with that of UL CA configuration (including active UL BWP in each CC). The information can be conveyed from serving gNB to LMF accordingly.
For the cases of DL PRS reception with bandwidth aggregation in RRC_INACTIVE and RRC_IDLE states, UE behavior for reception of DL PRS could be defined similar to the case of PRS reception outside of initial DL BWP in RRC_INACTIVE state as in Rel-17. 
Lastly, for SRS for positioning transmission with bandwidth aggregation in RRC_INACTIVE state, the UL CCs for SRS bandwidth aggregation may be provided to a UE when in RRC_CONNECTED state. The UL CCs may be decoupled from initial UL BWP similar to transmission of SRS for positioning in RRC_INACTIVE outside of initial UL BWP as in Rel-17.
Proposal 9
· For DL PRS, the relationship between DL CA and bandwidth aggregation is as follows:
· CCs for PRS reception are decoupled from those for DL CA and measurements are limited to MGs in RRC_CONNECTED state.
· For RRC_INACTIVE and RRC_IDLE states, UE behavior for reception of DL PRS is defined similar to the case of DL PRS reception outside of initial DL BWP in RRC_INACTIVE state as in Rel-17.
· For SRS for positioning, the relationship between UL CA and bandwidth aggregation is as follows:
· CCs for SRS for positioning transmission are aligned with that of UL CA configuration (including active UL BWP in each CC) – that is, they are either same or a subset of UL CA configuration. 
· For RRC_INACTIVE state, UE behavior for transmission of SRS for positioning is defined similar to transmission of SRS for positioning in RRC_INACTIVE outside of initial UL BWP as in Rel-17.

Regarding the relationship between UE capabilities for DL/UL CA and bandwidth aggregation, in our view it would be reasonable to expect a UE supporting PRS/SRS bandwidth aggregation to be capable of DL/UL CA respectively for the corresponding band/band combinations. The UE would already have the RF capabilities that would be rather similar to the requirements for basic CA capabilities, and thus, it would be reasonable to require a UE to support basic DL/UL CA capabilities for support of PRS/SRS bandwidth aggregation. Moreover, from a design perspective, such condition would be necessary at least for UL CA considering that a coupling between UL CA configuration and SRS bandwidth aggregation is preferred for simplicity as described above.
Proposal 10
· For support of PRS/SRS bandwidth aggregation, a UE is expected to support basic DL/UL CA capabilities as a pre-requisite for the corresponding band/band combinations.
[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
· For PRS bandwidth aggregation, the linkage is per TRP basis and per PRS resource set basis.
Proposal 2
· To enable DL PRS bandwidth aggregation, the following conditions should be satisfied
· Same periodicity and slot offset
· Same muting pattern
· Same NR-DL-PRS-SFN0-Offset
· Same number of PRS resources in a PRS resource set for a TRP
Proposal 3
· For SRS bandwidth aggregation, the linkage is per SRS resource set basis. 
Proposal 4
· SRS for positioning with bandwidth aggregation is supported for UEs in RRC_CONNECTED and RRC_INACTIVE states.
· Aperiodic SRS for positioning with bandwidth aggregation is supported. 
· SRS resources sets across linked CCs can be triggered by a scheduling DCI, based on the linkage between SRS resource sets across contiguous carriers.  
Proposal 5
· To enable SRS bandwidth aggregation, the following conditions should be satisfied
· Same periodicityAndOffset, and slotOffset 
· Same number of SRS resources in an SRS resource set
· Same resourceType
Proposal 6
· For SRS bandwidth aggregation, UE may not maintain phase continuity when SRS transmission is dropped or cancelled in a carrier. 
Proposal 7
· To realize same Tx PSD for SRS bandwidth aggregation, UE determines the transmit power for SRS transmission in a reference carrier and applies the same Tx PSD for SRS transmission in other carriers. 
Proposal 8
· A scaling factor may be commonly applied for the transmit power of SRS transmission in different carriers so that the total transmit power does not exceed the maximum transmit power. 
Proposal 9
· For DL PRS, the relationship between DL CA and bandwidth aggregation is as follows:
· CCs for PRS reception are decoupled from those for DL CA and measurements are limited to MGs in RRC_CONNECTED state.
· For RRC_INACTIVE and RRC_IDLE states, UE behavior for reception of DL PRS is defined similar to the case of DL PRS reception outside of initial DL BWP in RRC_INACTIVE state as in Rel-17.
· For SRS for positioning, the relationship between UL CA and bandwidth aggregation is as follows:
· CCs for SRS for positioning transmission are aligned with that of UL CA configuration (including active UL BWP in each CC) – that is, they are either same or a subset of UL CA configuration. 
· For RRC_INACTIVE state, UE behavior for transmission of SRS for positioning is defined similar to transmission of SRS for positioning in RRC_INACTIVE outside of initial UL BWP as in Rel-17.
Proposal 10
· For support of PRS/SRS bandwidth aggregation, a UE is expected to support basic DL/UL CA capabilities as a pre-requisite for the corresponding band/band combinations.

References
1. [bookmark: _Ref129631677]Chairman’s notes, RAN1#112 Meeting, March 2022


1

7/7
image1.png
cco

CC1

Linked PRS resource sets

Linked PRS resource sets

PRS resource #1

PRS resource #0




image2.png
cco

CC1

linked CCs

linked CCs




image3.png
cco

cc1

cc2





