[bookmark: _Ref452454252]3GPP TSG-RAN WG1 #113	R1-2305841
Incheon, Korea, 22nd May – 26th May, 2023

Agenda item:		9.5.4
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source:	MediaTek Inc.
Title:	PRS/SRS aggregation for positioning measurement
Document for:		Discussion

1 Introduction
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	RAN1 112

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






	RAN1 112bis

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

Agreement
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#1132bis-e meeting
· 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.

Conclusion 
The legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference is reused with the assumption that the subframe timings of the intra-band contiguous carriers are the same. 
· Note: multiple PRS/SRS resources which can be used to determine the start of subframe can be from multiple intra-band continuous carriers, 
· Note: no RAN1 spec impact
· Send an LS to RAN4 to confirm RAN1’s understanding

Agreement
Draft LS to RAN4 is endorsed in R1-2304081. Final LS in R1-2304082.

Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details


R1-2303286	Summary #2 for BW aggregation positioning	Moderator (ZTE)

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

Conclusion
The details for on-demand PRS on PRS bandwidth aggregation are up to RAN2 and RAN3.

Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the aggregated SRS resources are of the same SRS resource-Type.

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.

Agreement
Support the same power prioritization between the aggregated carriers in the case when total UE transmit power in a transmission occasion I exceeds  
· The UE allocates power to the multiple SRS resources in the transmission occasion i of the aggregated carriers such that the UE’s transmit power in each transmitted resource element is equal.
· FFS further details, e.g. power scaling between aggregated carriers

Agreement
Introduce new UE capability(-ies) to support PRS bandwidth aggregation measurement
· FFS the details include the processing capability (N, T), the maximum number of PRS resources that can be process in a slots over the aggregation
· FFS the details on the PFL bandwidth combinations, including maximum number of PFLs, the total aggregated bandwidth, etc.
· This is applicable for DL-TDOA and Multi-RTT positioning methods
 
Agreement
Study whether single UE Tx TEG ID or TRP  Rx TEG ID is applied across SRSs in aggregated carriers for TEG information reporting, i.e. single UE Tx TEG ID is reported across the aggregated SRS resources for UE Tx TEG association reporting, or for TRP Rx TEG ID reporting in measurement reporting


R1-2304083	Summary #3 for BW aggregation positioning	Moderator (ZTE)

Agreement
Positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED.
Positioning SRS bandwidth aggregation is supported for UEs in RRC_INACTIVE state.
· For the details, Rel-17 positioning SRS configuration for UE in RRC_INACTIVE state outside initial UL BWP can be the starting point

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

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

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

Agreement
For the SRS resources across aggregated carriers for UL-TDOA and Multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 SRS measurement of single carrier with the necessary update
· FFS: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers
· SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which measurement is aggregated

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


[bookmark: _Hlk134705313]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

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




In this contribution, we further express our views on the present issues.

2 SRS aggregation across carriers
To construct SRS aggregation across carrier, the following items are for further studies,
	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




It is agreed to support SRS transmission within active BWP across carriers. It is also known that the frequency gap between two BWPs, each associated to a CC and two CCs are contiguous, could be larger than the guard band between CCs, as shown in Fig. 2-1. Then the uniformly spaced SRS pattern across CCs may not be achievable. “UE expects” is not mandatory to the NW for the BWP configuration to reach maximum bandwidth.

The possible solutions could be,
· UE is not expected to be configured with UL active BWP smaller than the maximum bandwidth, during the time duration the UE transmits SRS for positioning across carriers
· Further support SRS transmission outside UL active BWP across carriers, during the time duration the UE transmits SRS for positioning across carriers
· It is up to NW configuration for SRS pattern if none of the above two items is supported

The path loss RS is generally configured per CC. To achieve same SRS transmission power for the subcarriers across CCs, the following solutions could be feasible,
· The path loss measurement is performed just in a single CC, and the result is applied to all CCs
· The path loss measurements are performed in each CC and the linear average is further performed

We slightly prefer path loss measurement in each CC and the linear average across CCs could form a single path loss result. This is similar to the RSRP definition that is to perform linear average over the REs carrying the RSs. The RSRP level may have variation across CCs, specially under multipath channel. Then the wideband RSRP measurement may be desired. 

The wideband RSRP measurement for path loss doesn't mean the implementation cost will increase. The RSRP within a carrier is the linear average over REs carrying RSs. To derive the RSRP across carriers, the UE could perform channel estimation on the RSs in every two RBs, instead of in each RB.

To achieve same transmission PSD across CCs, the following could be considered,
· If power equation is applied for each CC, then P0 and alpha may need to be the same across CCs. The path loss is also the same across CCs. Up to UE implementation, a single path loss value could be derived by
· Perform path loss measurement across CCs, and form a single path loss value to apply across CCs
· Perform path loss measurement in a single CC and apply across CCs
· If a single power equation could be applied across CCs, there is no alignment issue for P0 and alpha. The path loss could be derived based on whether the path loss measurements are across CC, or in a single CC


Proposal 2-1: To achieve uniformly spaced SRS pattern across CCs, the following options could be considered,
· UE is not expected to be configured with UL active BWP smaller than the maximum bandwidth, during the time duration the UE transmits SRS for positioning across carriers
· Further support SRS transmission outside UL active BWP across carriers, during the time duration the UE transmits SRS for positioning across carriers
· It is up to NW configuration for SRS pattern if none of the above two items is supported 


Proposal 2-2: To achieve same transmission PSD across CCs, the following could be considered,
· If power equation is applied for each CC, then P0 and alpha may need to be the same across CCs. The path loss is also the same across CCs. Up to UE implementation, a single path loss value could be derived by
· Perform path loss measurement across CCs, and form a single path loss value to apply across CCs
· Perform path loss measurement in a single CC and apply across CCs
· If a single power equation could be applied across CCs, there is no alignment issue for P0 and alpha. The path loss could be derived based on whether the path loss measurements are across CC, or in a single CC
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Fig. 2-1, If SRS is transmitted within UL active BWP, how to obtain SRS to be uniformly spaced across carriers? There could be a frequency gap without SRS transmission between two BWPs           


3 DL-PRS aggregation across PFLs
We express the opinions for the following issues,
	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
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#1132bis-e meeting
· 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.

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


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




PPW is confined within the DL active BWP for measurement. We have similar concern for measurement only within BWP in both DL and UL across CCs, especially when the frequency gap between two BWPs becomes larger. The concerns are,
· A large size of IFFT operation, with more 0s’ to be filled in, may not improve performance significantly
· To observe CIR, a IFFT may not apply to the CFR on the RS within two BWPs without 0s being filled in. This is because IFFT operation require equally spaced samples for the operation. The RSs on cascaded BWPs don't form equally spaced samples due to the frequency gap between BWPs
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                    Fig. 3-1,

Therefore, PPW is not considered for the measurements on DL-PRS BW aggregation.

The uniformly spaced DL-PRS pattern across PFLs, in our view, is more crucial to realize a common point A among PFLs so that a single generated pseudo random sequence and the corresponding reference signal sequence could be applied to all PFLs. The justification has been expressed in previous contribution and the contents are repeated in the Appendix of this contribution.

The RSTD reference is a TRP in which the corresponding DL-PRS resource/resource set are measured as the reference. For a DL-RSTD value, the specification actually doesn't define that the corresponding two TOA measurements require same measurement bandwidth. Also the two TOA measurements could be inter-frequency measurements.

Even though the measurement bandwidth could be different for the two TOA measurements in a DL-RSTD, it is not expected to have significant difference in BW from performance point of view. Then for the PFL aggregation condition, the RSTD reference may also need to be aggregated.


Proposal 3-1: PPW is not considered for the measurements on DL-PRS BW aggregation

Proposal 3-2: The DL-PRS RE offset in each CC is up to NW configuration

Proposal 3-3: Strive to use a single pseudo random sequence for multiple PFLs

Proposal 3-4: Prefer per TRP basis and per resource set basis for DL-PRS transmission across PFLs. The per resource set basis may keep the design to be neat

Proposal 3-5: RSRP and RSRPP could be optionally reported

Proposal 3-6: RSTD reference may need to be aggregated for the PFL aggregation condition 

4 Conclusion
Proposal 2-1: To achieve uniformly spaced SRS pattern across CCs, the following options could be considered,
· UE is not expected to be configured with UL active BWP smaller than the maximum bandwidth, during the time duration the UE transmits SRS for positioning across carriers
· Further support SRS transmission outside UL active BWP across carriers, during the time duration the UE transmits SRS for positioning across carriers
· It is up to NW configuration for SRS pattern if none of the above two items is supported 

Proposal 2-2: To achieve same transmission PSD across CCs, the following could be considered,
· If power equation is applied for each CC, then P0 and alpha may need to be the same across CCs. The path loss is also the same across CCs. Up to UE implementation, a single path loss value could be derived by
· Perform path loss measurement across CCs, and form a single path loss value to apply across CCs
· Perform path loss measurement in a single CC and apply across CCs
· If a single power equation could be applied across CCs, there is no alignment issue for P0 and alpha. The path loss could be derived based on whether the path loss measurements are across CC, or in a single CC

Proposal 3-1: PPW is not considered for the measurements on DL-PRS BW aggregation

Proposal 3-2: The DL-PRS RE offset in each CC is up to NW configuration

Proposal 3-3: Strive to use a single pseudo random sequence for multiple PFLs

Proposal 3-4: Prefer per TRP basis and per resource set basis for DL-PRS transmission across PFLs. The per resource set basis may keep the design to be neat

Proposal 3-5: RSRP and RSRPP could be optionally reported

Proposal 3-6: RSTD reference may need to be aggregated for the PFL aggregation condition 

5 Appendix

The mapping between the sequence and the RE location in frequency domain in current specification for a single PFL is related to comb size and a comb offset term, and the frequency point of k=0 refers to point A.
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All PFLs apply a same comb size. To further apply a common point A for all PFLs, there are some constraints to further consider,
· The parameter dl-PRS-StartPRB which is to indicate the DL-PRS location and to indicate the index within the generated reference signal sequence, may have confined a condition that the frequency offset between the starting DL-PRS in a PFL and point A is multiples of 12 REs
· Whether different RE offset configuration for different PFL is a sufficient operation

Fig. 5-1 shows the case that the two PFLs have same RE offset configuration, but the guard tone number is not multiple of RBs. Fig. 5-2 shows that the two PFLs have different RE offset configuration so that the DL-PRS may look like uniformly spaced in each symbol, and the gray parts are the DL-PRS locations that are not actually be transmitted. However, the starting DL-PRS may not be aligned with the RB boundary.

In TS 37.355, the DL-PRS mapping and the associated indexes within the sequence are defined according to pointA and startingPRB. This may mean that, the starting DL-PRS is allocated by multiples of 12 REs from the point A. To follow this for Fig. 5-3, it shows that, if the starting DL-PRS in each PFL is aligned with the RB boundary and the RB count is to start from a single point A, the DL-PRS could be uniformly spaced in each symbol.

Further, the mapping of the reference signal sequence to the DL-PRS locations could consider two cases,
· the indexes of the sequence are mapped to the target DL-PRS locations, which are the blue and gray parts in each symbol. The locations are in the ascending order with the comb size as the step size. This also means that when the indexes of the sequence are mapped within the guard band, the associated DL-PRS is not transmitted 
· the indexes of the sequence are mapped to the locations where the DL-PRS are actually present in multiple PFLs, which are the blue parts in each symbol
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Fig. 5-1,
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Fig. 5-2,
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