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Introduction
A SID defining objectives for a Study on expanded and improved NR positioning was agreed in RAN #94 [1],  with the following objective:
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g., timing errors, phase coherency, frequency errors, power imbalance, etc.
The conclusion to the SID was captured in a Technical Report [2].  A Work Item description with the following objective was made [3]:
· [bookmark: _Hlk58595024]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).

In this contribution, we address RAN1 focused enhancements for PRS/SRS bandwidth aggregation.
Discussion
PRS / SRS bandwidth aggregation
In the Rel-17 study on positioning enhancements, it was concluded from evaluation results in RAN1 that 
aggregation of NR positioning frequency layers improves positioning accuracy under certain scenarios, configurations, and assumptions on modelled impairments such as: bandwidth and spacing of aggregated layers, timing offset and frequency offset over frequency layers, phase discontinuity and possible amplitude imbalance [8]. 

A further study by RAN4 in the Rel-18 study on expanded and improved positioning concluded the following [2]:
	· Based on the study, PRS/SRS bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both the UE and gNB.
· The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna.
· PRS/SRS bandwidth aggregation across PFLs for positioning measurements is concluded as feasible from RRM perspective.



 
In RAN1 #112, the following agreements were made:

	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



Based on the RAN4 study RRM assumptions and the RAN1 #112 agreement, we propose the following:

For PRS bandwidth aggregation, the  following additional conditions should be satisfied:
· the same periodicity, slot offset and muting pattern to simplify the design while satisfying the RAN4 study RRM assuming a common numerology is required across all intra-band contiguous PFLs to be aggregated.
· the same NR-DL-PRS-SFN0-Offset 
· to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones use PFLs with different RE-offset configurations
· It is not necessary to have the same number of PRS resource sets and resources for a TRP

For SRS bandwidth aggregation, the  following additional conditions should be satisfied: 
· The same  periodicityAndOffset, and slotOffset to simplify the design while satisfying the RAN4 study RRM assuming a common numerology is required across all intra-band contiguous carriers to be aggregated
· SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· the same pathloss RS, Po and alpha. If they are different, then a mechanism is needed to ensure that the carriers have the same Tx PSD across all sub-carriers.
· It is not necessary to have the same number of SRS resource sets and resources in each carrier

For both PRS and SRS bandwidth aggregation
· 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.

Proposal 1: RAN1 should take as baseline the assumptions used in RAN4 for the Rel-18 study and the agreement in RAN1 #112.

Proposal 2: For PRS bandwidth aggregation, the  following additional conditions should be satisfied: 
· the same periodicity, slot offset and muting pattern.
· the same NR-DL-PRS-SFN0-Offset 
· to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones use PFLs with different RE-offset configurations
· It is not necessary to have the same number of PRS resource sets and resources for a TRP

Proposal 3: For SRS bandwidth aggregation, the  following additional conditions should be satisfied: 
· The same  periodicityAndOffset, and slotOffset 
· SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· the same pathloss RS, Po and alpha. If they are different, then a mechanism is needed to ensure that the carriers have the same Tx PSD across all sub-carriers.
· It is not necessary to have the same number of SRS resource sets and resources in each carrier

Proposal 4: For both PRS and SRS bandwidth aggregation
· 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 Aggregation: PFL Configuration for PFL bandwidth aggregation
In RAN1 #112, the following agreement was made [9]: 
	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.




Bandwidth aggregation may be based on multiple PFLs,  each with its own PFL configuration amd each with a single or multiple PRS resource sets and PRS resources.  

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:
· the link is on a  per TRP basis (and not for all TRPs). 
· the link is on a per PRS resource set basis (and not on a per PRS resource basis).

To link the PRS resource sets in the PFLs, it may be desirable to create a PFL group container. This could result in the following structure:
· PFL_group ={PFL1, PFL2, …,PFLn}
· PFLs: PFLi  = {PRS1,…, PRSn}
· PRS Resource Set : PRSi ={PR1,…, PRn}
· Positioning Resource : PRi
This allows the aggregated bandwidth to be addressed with a single parameter. The PFL_group could function in the same manner as the current PFL in the specification, with the PFL group functioning as the current PFL.

In the case of multiple PFLs over the aggregated bandwidth, given that the different PFLs will have the same numerology, the following  configuration parameters will be identical:
· PFL Configuration: DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix 
· PRS Resource Set Configuration: DL-PRS-Periodicity,DL-PRS-ResourceRepetitionFactor, DL-PRS-ResourceTimeGap, DL-PRS-ResourceSetSlotOffset, DL-PRS-MutingPattern
· PR Resource: DL-PRS-ResourceSlotOffset, dl-PRS-ResourceSymbolOffset-r16, DL-PRS-NumSymbols

Other parameters may be different. This is illustrated in Table 1:

[bookmark: _Ref127472982]Table 1: PRS aggregation Parameters
[image: ]

A discussion of the sequence used across the aggregated bandwidth may be needed. There are two options:
· Option 1: one sequence across the aggregated bandwidth 
· Option 2: different sequences in each component of the aggregated bandwidth. 
For extremely large BWs, different sequences across the entire bandwidth should be used to prevent the need to design new and longer sequences. However, option 1 may be used in the case that the bandwidth is small enough. 

For UE-based positioning, a UE should be able to indicate if it requires contiguous PRS resources for bandwidth aggregation in the case of UE-based positioning especially in the case that a PRS in one of the linked PFLs  may not be transmitted (e.g. due to a higher priority signal being scheduled for transmission such as an SSB). 

Proposal 5: 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:
· the link is on a  per TRP basis
· the link is on a per PRS resource set basis

Proposal 6: create a PFL group container to link the configurations of the PFLs used in the PRS aggregation with the following structure:
· PFL_group ={PFL1, PFL2, …,PFLn}
· PFLs: PFLi  = {PRS1,…, PRSn}
· PRS Resource Set : PRSi ={PR1,…, PRn}
· Positioning Resource : PRi

Proposal 7: A discussion of the sequence used across the PRS  aggregated bandwidth is needed. There are two options:
· Option 1: one sequence across the aggregated bandwidth 
· Option 2: different sequences in each component of the aggregated bandwidth. 

Proposal 8: Bandwidth aggregation should occur based multiple PFLs with a single or multiple PFL resources based on PRS resource sets. 
· A UE should be able to indicate if it requires contiguous PRS resources for bandwidth aggregation in the case of UE-based positioning.

PRS Aggregation: PFL Processing Capability
The UE DL PRS processing capability is defined for positioning UEs in Rel-16/Rel17. This may need to be  updated for PRS BW aggregation. Typically, the UE reports one combination of (N, T) values per band where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE. In Rel-16, UE DL PRS processing capability is defined for a single positioning frequency layer and a UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time).

Given the possibility of multiple PFL processing with bandwidth aggregation, there is a need to 
(a) support for multiple PFL processing should be allowed and 
(b) the values of N and T may need to be adjusted to accommodate this. 

Additionally, UE may need to report  the number of DL PRS resources that it can process in a slot over the aggregated bandwidth, which is reported per SCS per band. 

When a UE is configured with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively), the UE assumes the DL-PRS Resources are sorted in a decreasing order of measurement priority. The maximum number and associated priority should be updated for PRS aggregation. 

Proposal 9: In Rel-16, UE DL PRS processing capability is defined for a single positioning frequency layer and a UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported. Support for multiple PFL processing should be allowed  and the values of N and T may need to be adjusted to accommodate this where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE

Proposal 10: The UE may need to report  the number of DL PRS resources that it can process in a slot over the aggregated bandwidth. 

Proposal 11: When a UE is configured with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively), the UE assumes the DL-PRS Resources are sorted in a decreasing order of measurement priority. The maximum number and associated priority should be updated for PRS aggregation. 


PRS Aggregation: PRS transmission priority

In Rel-16 PRS transmission, the signaling priority  is such that the  DL PRS is not transmitted on SSB symbols. From TS 38.214:
· The UE assumes that the DL PRS from the serving cell is not mapped to any symbol that contains SS/PBCH block from the serving cell. 
· If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided to the UE then the UE also assumes that the DL PRS from a non-serving cell is not mapped to any symbol that contains the SS/PBCH block of the same non-serving cell. 
Given that the PRS transmissions may occur on different PFLs which may not necessarily be in the same cell, it is necessary to discuss how SSB prioritization occurs.

One possible solution is that  for PRS aggregation across multiple cells, the UE does not expect tht the SSB transmission should interrupt the DL PRS differently on each cell. 

Proposal 12: RAN1 should review PRS processing prioritization with SSB transmission when the PFLs are on different cells with different SSB timings. One possible solution is that  for PRS aggregation across multiple cells, the UE does not expect tht the SSB transmission should interrupt the DL PRS differently on each cell. 

PRS Aggregation: Power Imbalance

The base station may be constrained to a single RF chain when aggregating bandwidth across multiple PFLs. This may assist in avoiding timing mismatch between CCs transmitted via different RF chains. However, a TRP or UE may transmit/receive the aggregated PRS resources using different beam (TCI states/Spatial relations), which may result in power imbalance between CCs. Such a power imbalance will lead to poor performance in determining a timing estimate for the aggregated channel. To mitigate the power imbalance the UE may indicate that it does not expect the TRP to transmit with a different TCI state across different PFL(s) when PFL aggregation is used. If this condition is not met, a mechanism to resolve the power imbalance may need to be adopted. 

Proposal 13: To mitigate the power imbalance the UE may indicate that it does not expect the TRP to transmit with a different TCI state across different PFL(s) when PFL aggregation is used. If this condition is not met, a mechanism to resolve the power imbalance may need to be adopted.
PRS Aggregation: Measurements and feedback for PRS bandwidth aggregation
Measurements should be modified to account for bandwidth aggregation. There are two options:
· Option 1: per PFL measurements should be defined
· Option 2: Joint PFL measurements should be defined. In this case, the measurements are tied to multiple resources, resource sets or frequency layers. This can be done by using a PFL group concept where PFLs are grouped together. 

Note that use of Option 1 or Option 2 may depend on the measurement e.g. RSRP may be per PFL to allow for tracking of a power imbalance between the PFLs while the positioning measurement such as the UE Rx-Tx time difference may be across all PFLs to leverage the higher bandwidth. Support for bandwidth aggregated RSRP and RSRPP may also be needed. 

In RAN1 #112, the following agreement was reached [9]:
	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




For measurement and feedback with PRS bandwidth aggregation:
· In the measurement report, a PFL group ID may be used to indicate the PFLs that are aggregated for measurement. The RSRP and RSRPP reports may include signaling that indicates if they are measured per PFL, jointly or both.
· The location information request that includes a PFL group ID can be used to indicate that the  UE performs joint measurement across the aggregated PFLs. Note that this does not preclude the need for joint measurement of the primary measurement metric (e.g. RSTD or UE Rx-Tx time difference) and separate measurement of the RSRP/RSRPP.
· To enhance the configuration and measurement for RSTD, the UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements per pair of  dl-PRS-IDs associated with a PRS resource group with each measurement between a different pair of DL PRS resources associated with a PRS resource group or DL PRS resource sets associated with a PRS resource set group within the DL PRS configured for those dl-PRS-IDs.
· The measurement gap pattern and/or PRS Positioning Window (PPW) may also need to be modified to accommodate the increased measurement requirements.

Proposal 14: For measurement and feedback with PRS bandwidth aggregation:
· In the measurement report, a PFL group ID may be used to indicate the PFLs that are aggregated for measurement. The RSRP and RSRPP reports may include signaling that indicates if they are measured per PFL, jointly or both.
· The location information request that includes a PFL group ID can be used to indicate that the  UE performs joint measurement across the aggregated PFLs.
· To enhance the configuration and measurement for RSTD, the UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements per pair of  dl-PRS-IDs associated with a PRS resource group with each measurement between a different pair of DL PRS resources associated with a PRS resource group or DL PRS resource sets associated with a PRS resource set group within the DL PRS configured for those dl-PRS-IDs.
· The measurement gap pattern and/or PRS Positioning Window (PPW) may also need to be modified to accommodate the increased measurement requirements.




SRS Aggregation: SRSp Configuration 
Similar to the PRS, the SPSp configuration may need to be updated to support SRSp aggregation. 

In RAN1 #112, the following agreement was made:
	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.



Based on the agreement, for SRS bandwidth aggregation across two or three carriers, the SRS resources are per BWP per carrier configuration with the link on a per SRS resource set basis. Similar to the PRS, the SRS resource sets can be linked by the creation of an SRSPosResourceSetGroup that contains the SRSPosResourceSets for each CC.

A discussion of the sequence used across the SRS aggregated bandwidth is needed. There are two options:
· Option 1: one sequence across the aggregated bandwidth 
· Option 2: different sequences in each component of the aggregated bandwidth. 


Proposal 15: the SRS resource sets can be linked by the creation of an SRSPosResourceSetGroup that contains the SRSPosResourceSets for each CC.

Proposal 16: A discussion of the sequence used across the SRS aggregated bandwidth is needed. There are two options:
· Option 1: one sequence across the aggregated bandwidth 
· Option 2: different sequences in each component of the aggregated bandwidth. 

SRS Aggregation: Measurements 

	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




Similar to the PRS, the RSRP and RSRPP may be reported jointly or separately. For measurement and feedback with SRS bandwidth aggregation:
· In the measurement report, a SRS group ID may be used to indicate the SRSs that are aggregated for measurement. The RSRP and RSRPP reports may include signaling that indicates if they are measured per SRS, jointly or both. This signaling is indicated to the TRP and may not be part of RAN1 signaling.
· The LMF request to the gNB includes a SRS group ID can be used to indicate that the  TRP performs joint measurement across the aggregated PFLs. Note that this does not preclude the need for joint measurement of the primary measurement metric (e.g. UL RToA or gNB Rx-Tx time difference) and separate measurement of the RSRP/RSRPP.

Proposal 17: For measurement and feedback with SRS bandwidth aggregation:
· In the measurement report, a SRS group ID may be used to indicate the SRSs that are aggregated for measurement. The RSRP and RSRPP reports may include signaling that indicates if they are measured per SRS, jointly or both.
· The LMF request to the gNB includes a SRS group ID can be used to indicate that the  TRP performs joint measurement across the aggregated PFLs. 

SRS Aggregation: Power control 
For SRSp transmission power for an SRSp configured by SRS-PosResource-r16, only open loop power control (OLPC) is used. Given that we have signals over aggregated resources in intra-band contiguous carriers transmitted and received (respectively) using a single RF chain (same antenna), we can make the following assumptions:
· They are transmitted from the same cell
· They have the same value of path loss  (some slight difference due to frequency variation or the use of different beams)

Thus the power control parameters are common to all CCs  with Po, alpha and PL identical. The spatial beam is identical,  and the UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol. We can then have a common reference RS for all CCs. The UE should support the following: 
· Support of reference (RS) from a neighbor cell as path loss reference for system 
· Support signaling of Po and alpha from a neighbor cell as path loss parameters for the system
Thus the UE should assume the SR and OLPC are identical across all CCs for SRSp aggregation. If these conditions are not met, a mechanism to resolve the power difference may need to be adopted.

Proposal 18: The power control parameters are common to all CCs  with Po, alpha and PL identical. The spatial beam is identical and we can have a common reference RS for all CCs. The UE should support the following: 
· Support of reference (RS) from a neighbor cell as path loss reference for system 
· Support signaling of Po and alpha from a neighbor cell as path loss parameters for the system
UE should assume the SR and OLPC are identical across all CCs for SRSp aggregation. If these conditions are not met, a mechanism to resolve the power difference may need to be adopted.
   SRS Aggregation: BWP Switching and Cross Carrier Scheduling for SRSpos BW aggregation
BWP Switching: For a SRS configured by SRS-PosResource-r16, the UE is only expected to transmit SRS within the active UL BWP of the UE. Given that for the aggregated SRS,  SRS resources to be aggregated from different carriers are transmitted in the same slot and in the same symbols, the UE should expect the BWP containing the SRSp across all CCs to be active at the expected time of transmission.

Cross Carrier Scheduling: Typically, SRSs/SRSpos are triggered using a DCI. For SRSp BW aggregation, a discussion of whether the a single trigger start the transmission of the SRSps on the different CCs for example, if the SRSp configurations are linked, it may be possible to have a single trigger on one of the CCs, trigger the SRPs on all the CCs.

Proposal 19: BWP Switching: For a SRS configured by SRS-PosResource-r16, the UE is only expected to transmit SRS within the active UL BWP of the UE. As SRS resources to be aggregated from different carriers are transmitted in the same slot and in the same symbols, the UE should expect the BWP containing the SRSp across all CCs to be active at the expected time of transmission.

Proposal 20: Cross Carrier Scheduling: Discuss whether a single trigger start the transmission of the SRSps on the different CCs.
Conclusion
In this contribution, the following observations and proposals were made:

Proposal 1: RAN1 should take as baseline the assumptions used in RAN4 for the Rel-18 study and the agreement in RAN1 #112.

Proposal 2: For PRS bandwidth aggregation, the  following additional conditions should be satisfied: 
· the same periodicity, slot offset and muting pattern.
· the same NR-DL-PRS-SFN0-Offset 
· to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones use PFLs with different RE-offset configurations
· It is not necessary to have the same number of PRS resource sets and resources for a TRP

Proposal 3: For SRS bandwidth aggregation, the  following additional conditions should be satisfied: 
· The same  periodicityAndOffset, and slotOffset 
· SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· the same pathloss RS, Po and alpha. If they are different, then a mechanism is needed to ensure that the carriers have the same Tx PSD across all sub-carriers.
· It is not necessary to have the same number of SRS resource sets and resources in each carrier

Proposal 4: For both PRS and SRS bandwidth aggregation
· 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.

Proposal 5: 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:
· the link is on a  per TRP basis
· the link is on a per PRS resource set basis

Proposal 6: create a PFL group container to link the configurations of the PFLs used in the PRS aggregation with the following structure:
· PFL_group ={PFL1, PFL2, …,PFLn}
· PFLs: PFLi  = {PRS1,…, PRSn}
· PRS Resource Set : PRSi ={PR1,…, PRn}
· Positioning Resource : PRi

Proposal 7: A discussion of the sequence used across the PRS  aggregated bandwidth is needed. There are two options:
· Option 1: one sequence across the aggregated bandwidth 
· Option 2: different sequences in each component of the aggregated bandwidth. 

Proposal 8: Bandwidth aggregation should occur based multiple PFLs with a single or multiple PFL resources based on PRS resource sets. 
· A UE should be able to indicate if it requires contiguous PRS resources for bandwidth aggregation in the case of UE-based positioning.

Proposal 9: In Rel-16, UE DL PRS processing capability is defined for a single positioning frequency layer and a UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported. Support for multiple PFL processing should be allowed  and the values of N and T may need to be adjusted to accommodate this where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE

Proposal 10: The UE may need to report  the number of DL PRS resources that it can process in a slot over the aggregated bandwidth. 

Proposal 11: When a UE is configured with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively), the UE assumes the DL-PRS Resources are sorted in a decreasing order of measurement priority. The maximum number and associated priority should be updated for PRS aggregation. 

Proposal 12: RAN1 should review PRS processing prioritization with SSB transmission when the PFLs are on different cells with different SSB timings. One possible solution is that  for PRS aggregation across multiple cells, the UE does not expect tht the SSB transmission should interrupt the DL PRS differently on each cell. 

Proposal 13: To mitigate the power imbalance the UE may indicate that it does not expect the TRP to transmit with a different TCI state across different PFL(s) when PFL aggregation is used. If this condition is not met, a mechanism to resolve the power imbalance may need to be adopted.

Proposal 14: For measurement and feedback with PRS bandwidth aggregation:
· In the measurement report, a PFL group ID may be used to indicate the PFLs that are aggregated for measurement. The RSRP and RSRPP reports may include signaling that indicates if they are measured per PFL, jointly or both.
· The location information request that includes a PFL group ID can be used to indicate that the  UE performs joint measurement across the aggregated PFLs.
· To enhance the configuration and measurement for RSTD, the UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements per pair of  dl-PRS-IDs associated with a PRS resource group with each measurement between a different pair of DL PRS resources associated with a PRS resource group or DL PRS resource sets associated with a PRS resource set group within the DL PRS configured for those dl-PRS-IDs.
· The measurement gap pattern and/or PRS Positioning Window (PPW) may also need to be modified to accommodate the increased measurement requirements.

Proposal 15: the SRS resource sets can be linked by the creation of an SRSPosResourceSetGroup that contains the SRSPosResourceSets for each CC.

Proposal 16: A discussion of the sequence used across the SRS aggregated bandwidth is needed. There are two options:
· Option 1: one sequence across the aggregated bandwidth 
· Option 2: different sequences in each component of the aggregated bandwidth. 

Proposal 17: For measurement and feedback with SRS bandwidth aggregation:
· In the measurement report, a SRS group ID may be used to indicate the SRSs that are aggregated for measurement. The RSRP and RSRPP reports may include signaling that indicates if they are measured per SRS, jointly or both.
· The LMF request to the gNB includes a SRS group ID can be used to indicate that the  TRP performs joint measurement across the aggregated PFLs. 

Proposal 18: The power control parameters are common to all CCs  with Po, alpha and PL identical. The spatial beam is identical and we can have a common reference RS for all CCs. The UE should support the following: 
· Support of reference (RS) from a neighbor cell as path loss reference for system 
· Support signaling of Po and alpha from a neighbor cell as path loss parameters for the system
UE should assume the SR and OLPC are identical across all CCs for SRSp aggregation. If these conditions are not met, a mechanism to resolve the power difference may need to be adopted.

Proposal 19: BWP Switching: For a SRS configured by SRS-PosResource-r16, the UE is only expected to transmit SRS within the active UL BWP of the UE. As SRS resources to be aggregated from different carriers are transmitted in the same slot and in the same symbols, the UE should expect the BWP containing the SRSp across all CCs to be active at the expected time of transmission.

Proposal 20: Cross Carrier Scheduling: Discuss whether a single trigger start the transmission of the SRSps on the different CCs.
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DL-PRS-SubcarrierSpacing

same

DL-PRS-CyclicPrefix
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DL-PRS-PointA defines the absolute frequency of the reference resource block. Its lowest subcarrier is also known as Point A. different
Positioning Resource Set
DI -PRS-ResourceSetld different
DI -PRS-Periodicity: {4,5, 8,10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots. same
DI -PRS-ResowceRepetitionFactor : same
how many times each DL-PRS resource is repeated for a single instance
DI -PRS-ResowceTimeGap : slot same
the offset in number of slots between two repeated instances of a DL PRS resource with the same DL-PRS-ResourcelD.
The time duration spanned by one instance of a DL-PRS is not expected to excead the configured value of DL-PRS-Periodicity.
-0l -PRS-ResowrceSetSiotOffset :  the slot offset with respect to SFNO slot O same
~-DL-PRS-CombSizeN: different
-DL-PRS-ResourceBanawidth : number of resource blocks configured for PRS transmission. different
-The parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs.
-DL-PR5-StartPRE : starting PRB index of the DL PRS resource with respect to reference Point A. different
-The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs.
-DIL-PRS-MutingPattern : defines a bitmap of the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set |same
Positioning Resource
DI -PRS-Resowceld : All DL PRS resource |Ds are locally defined within a DL PRS resource set. different
DIL-PRS-Sequenceld: to initialize cinit value used in pseudo random generator different
PRS sequence is generated in each OFDM symbaol within the slot in which PRS is sent
DI-PRS-Re0ffset : defines the starting RE offset of the first PRS symbol. different
DI-PRS-ResourceSiotOffset . starting slot of the DL PRS resource with respect to corresponding DL-PRS-ResowcaSetSiotOffset same
adl-PRS-ResowceSymbolOffset+16 . symbol offset within a PRS slot same
DIL-PRS-NumSymbaols . number of symbols of the DL PRS resource within a slot same
soneof{2, 2},{4, 2}, (6,2}, (12,2}, {4, 4}, {12, 4}, (6,6}, {12, 6} and {12, 12}

DIL-PRS-QCL-Info : QCL info of the DL PRS resource with other reference signals. different





