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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 enhancement for DL bandwidth aggregation
Based on the following RAN4 agreement, some conditions should be satisfied for the PRS resources or SRS resources to be aggregated.
	Agreement:
· Agree on Option 1
· single chain Tx architecture means the single RF chain with single antenna
Agreement
· Focus on same TRP and de-prioritize collocated TRPs for PRS/SRS CA.
· PRS resources from different PFLs to be aggregated are transmitted by the same TRP and associated with a common Antenna Reference Point (ARP)
From RRM perspective, the following are assumed for PRS bandwidth aggregation:
· A common numerology is required across all intra-band contiguous PFLs to be aggregated. 
· PRS resources to be aggregated from different PFLs can have different bandwidths (i.e., different number of PRS RBs).
· PRS resources to be aggregated from different PFLs are transmitted in the same slot and in the same symbols
· PRS resources to be aggregated from different PFLs are transmitted by the same TRP and associated with a common Antenna Reference Point (ARP).
From RRM perspective, the following are assumed for SRS bandwidth aggregation:
· A common numerology is required across all intra-band contiguous carriers to be aggregated. 
· SRS resources to be aggregated from different carriers can have different bandwidths (i.e., different number of SRS RBs).
· SRS resources to be aggregated from different carriers are transmitted in the same slot and in the same symbols.


According to the above condition, we think the following condition also needs to be satisfied to achieve bandwidth aggregation from the RAN1 perspective.
Proposal 1: 
· For DL PRS bandwidth aggregation
· PRS resources to be aggregated from different PFLs are configured with the same QCL RS
· The same PRS resources number or the same PRS resources set number from different PFLs to be aggregated are transmitted by the same TRP
· For UL SRS bandwidth aggregation
·  SRS resources to be aggregated from different carriers are configured with the same spatial relationship
· SRS resources to be aggregated from different carriers are configured with the same pathloss RS
· The SRS resources number or the SRS resources set number from different carriers to be aggregated is the same
2.1 The configuration and reporting information enhancement 
2.1.1 The configuration of PFL group
Firstly, to realize PRS bandwidth aggregation, UE can be configured with one or multiple positioning frequency layer groups (PFL groups) to indicate the PFLs for bandwidth aggregation. 
For each PFL group,  including two or three carriers (positioning frequency layers) as the following figure, those PFLs can be indicated by the following option
Option 1: include two or three PFL indexes to indicate the positioning frequency layer within one PFL group
Option 2: include two or three tuple information (e.g.(dl-PRS-PointA, StartPRB, Bandwidth)) to indicate the positioning frequency layer within one PFL group.
In addition, we would like to note the guard band shouldn’t be used for the PRS transmission.
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Figure 1 An example of aggregated bandwidth
Either Option 1 or Option 2 is okay for us to indicate PFL. However, how to associate the PFL group with a collection of DL-PRS for aggregated measurement is a critical issue. The candidate solutions are listed as follows
Option A: associate PRS resources configured under PFLs in the PFL group.
Option B: configure separate PRS resources under the PFL group
The difference between option A and option B is whether the PFL group needs to be configured with separate PRS resources or directly aggregated the PRS resource under different PFLs. For option B, the potential benefit is the condition of aggregated measurement (e.g., same slot/symbol, common numerology) can be easy to reach since a separate PRS resource can be configured under a PFL group. But it may waste the resource to configure separate PRS. For option A, the potential benefit is a smaller change in specification, but the potential problem is not all the TRP in the PFL can transmit PRS in other PFLs. To achieve better network efficiency, option A is preferred. In this case, an bandwidth aggregation enable/disable indicator can be added for TRP configuration to indicate whether the TRP can transmit PRS in multiple PFLs or not
Proposal 2: 
· UE can be configured with one or more positioning frequency layer groups（PFL groups）for bandwidth aggregation 
· For each PFL group, including two or three positioning frequency layers (PFLs), those PFLs can be indicated by one of the following options
· Two or three PFL indexes
· Frequency tuple information (e.g.(dl-PRS-PointA, StartPRB, Bandwidth)) 
· For each PFL group,  link PRS resources that are configured under PFLs in the PFL group 
2.1.2 The measurement reporting
In Rel-16/Rel-17 positioning, the dl-PRS-ID along with a DL-PRS Resource Set ID and a DL-PRS Resources ID can be used to uniquely identify a DL-PRS Resource. But the range of dl-PRS-ID is [0~255] only considering up to 4 PFL and 64 TRP in a configuration. But if the PFL group is defined, how to identify a DL-PRS Resource from the PFL group is a new question.
The candidate solutions are listed as follows
Option 1: Extend the dl-PRS-ID scope.
Option 2: Add an indication(e.g., PFL group index ), this field is used along with dl-PRS-ID, a DL-PRS Resource Set ID, and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource from the PFL group.  
For us, option 2 is preferred since the TRP ID also belongs to the range that is configured in PFL. Reuse the same dl-PRS-ID can reduce the load to configure the TRP location for the same TRP 
Proposal 3: 
· Add PFL group indication in measurement report, which is used along with dl-PRS-ID, a DL-PRS Resource Set ID, and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource from the PFL group.  
	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 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 4: 
· Introduce an indicator to distinguish single FFT/IFFT or multiple FFT/IFFT operation for bandwidth aggregation measurement.
2.2 The enhancement for on-demand PRS
2.2.1 on-demand PRS request
	Agreement
1. [bookmark: OLE_LINK17]From RAN1 perspective, for LMF-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signaled
0. per resource set per positioning frequency layer per FR
1. DL PRS Periodicity
1. DL PRS Resource Bandwidth
1. DL PRS Resource Repetition Factor
1. Number of DL PRS Resource Symbols per DL PRS Resource
1. DL-PRS CombSizeN
Two options for indication of DL PRS QCL-Info, either
0. Option 1: per resource set per positioning frequency layer per FR
1. LMF recommends a list of QCL sources
0. Option 2: per resource set per positioning frequency layer per FR
2. LMF requests to provide the QCL information in the assistance data in NRPPa
0. per FR
3. Number of DL PRS frequency layers
0. either per resource set per positioning frequency layer or per UE
4. Start/end time of DL PRS transmission
0. either per resource, or per resource set, or per UE
5. ON/OFF indicator (for LMF initiated request only)
 
Agreement
1. From RAN1 perspective, for UE-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signalled
1. per positioning frequency layer per FR
1. DL PRS Periodicity
1. DL PRS Resource Bandwidth
1. DL PRS Resource Repetition Factor
1. Number of DL PRS Resource Symbols per DL PRS Resource
1. DL-PRS CombSizeN
1. per FR 
1. Number of DL PRS frequency layers
1. per UE
1. Start/end time of DL PRS transmission
Two options for indication of DL PRS QCL-Info, either
1. [bookmark: _Hlk101897164]Option 1: per resource set per positioning frequency layer per FR
3. UE recommends a list of QCL sources
1. Option 2: per resource set per positioning frequency layer per FR
4. UE requests to provide the QCL information in the assistance data 


Based on the parameter of UE-initiated/LMF-initiated request of on-demand DL PRS, we can find only the start/end time of DL PRS is per UE, other parameter is per PFL. In this case, the request of on-demand PRS across PFLs is not supported.
In addition, considering the maximum PRB is 272 for one PFL, the high accuracy requirement may be difficultly satisfied if only PRS from one PFL can be requested.
Therefore, we propose 
Proposal 5: [bookmark: _Hlk127462053]
· The request of on-demand PRS across PFLs for bandwidth aggregation can be supported.
2.2.2 Pre-configured on-demand PRS 
Pre-configured on-demand PRS is also supported, and the information also includes the PFL information(i.e., nr-DL-PRS-PositioningFrequencyLayer). 
	[bookmark: _Toc115730093]–	NR-On-Demand-DL-PRS-Configurations
The IE NR-On-Demand-DL-PRS-Configurations provides a set of possible DL-PRS configurations which can be requested by the target device on-demand.
-- ASN1START

NR-On-Demand-DL-PRS-Configurations-r17 ::= SEQUENCE {
	on-demand-dl-prs-configuration-list-r17		SEQUENCE (SIZE (1..maxOD-DL-PRS-Configs-r17)) OF
													On-Demand-DL-PRS-Configuration-r17,
	...
}

On-Demand-DL-PRS-Configuration-r17 ::= SEQUENCE {
	dl-prs-configuration-id-r17					DL-PRS-Configuration-ID-r17,
[bookmark: _Hlk84546760]	nr-DL-PRS-PositioningFrequencyLayer-r17		NR-DL-PRS-PositioningFrequencyLayer-r16,
	nr-DL-PRS-Info-r17							NR-DL-PRS-Info-r16,
	...
}

DL-PRS-Configuration-ID-r17 ::= SEQUENCE {
	nr-dl-prs-configuration-id-r17				INTEGER (1..maxOD-DL-PRS-Configs-r17),
	...
}

-- ASN1STOP

	NR-DL-PRS-On-Demand-Configurations field descriptions

	dl-prs-configuration-id
This field provides an identity for the On-Demand-DL-PRS-Configuration.

	nr-DL-PRS-PositioningFrequencyLayer
This field, together with nr-DL-PRS-Info, provides the On-demand DL-PRS Configuration information.
Only the following fields in IE NR-DL-PRS-PositioningFrequencyLayer are applicable:
dl-PRS-ResourceBandwidth, dl-PRS-CombSizeN.
The target device shall ignore the remaining fields in IE NR-DL-PRS-PositioningFrequencyLayer.

	nr-DL-PRS-Info
This field, together with nr-DL-PRS-PositioningFrequencyLayer, provides the On-demand DL-PRS Configuration information. Only the following fields in IE NR-DL-PRS-Info are applicable:
DL-PRS periodicity in dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-ResourceRepetitionFactor, dl-PRS-NumSymbols, comb-size in dl-PRS-CombSizeN-AndReOffset, dl-PRS-QCL-Info.
The target device shall ignore the remaining fields in IE NR-DL-PRS-Info.





So, similar to the reason in section 2.2.1, pre-configured on-demand PRS under the PFL group also can be provided to UE for request wideband PRS.
Proposal 6: [bookmark: _Hlk127462078]
· Pre-configured on-demand PRS across PFLs for bandwidth aggregation can be supported.

2.3 The measurement for bandwidth aggregation
Considering only MG-based requirements are specified based on WID, from the perspective of RAN1, we also propose only performing the measurement for bandwidth aggregation within MG.
Proposal 7: [bookmark: _Hlk127462092]
· Only MG-based bandwidth aggregation measurement is supported. 
The signaling enhancement for UL bandwidth aggregation
3.1 Configuration

	TS 38.214
For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource on different CCs, subject to UE's capability
For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource and SRS-Resource on different CCs, subject to UE's capability.



[bookmark: OLE_LINK1]Based on the above specification in TS 38.214, intra-band CA for simultaneously transmitting one SRS resource on different CCs is supported. In this case, the potential problems include:
· The identified condition to perform bandwidth aggregation of SRS (respectively) resources across carriers may not be guaranteed based on the current configuration.
· The Rel-16/Rel-17 SRS only can be transmitted within BWP, the SRS bandwidth is limited by BWP bandwidth Carrier 2
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Figure 2 An example of aggregated bandwidth within BWP
Therefore,  to realize SRS bandwidth aggregation, SRS can be configured from different carriers and outside the BWP bandwidth. So, similar to DL, we propose to configure SRS resources within carriers in carrier groups.
For each carrier group, two or three carriers can be included as above figure, which can be indicated by one of the following options
Option 1: include two or three carrier indexes(e.g., serving cell index) to indicate the carriers within the carrier group
Option 2: include two or three tuple information (e.g.(Point A, offset to point A, Bandwidth)) to indicate the carriers within carrier groups.
And we would like to note the guard band shouldn’t be used for the SRS transmission
Proposal 8: [bookmark: _Hlk127462113]
· UE can be configured with one or more carrier groups for bandwidth aggregation 
· For each carrier group, two or three carriers  can be included, which can be indicated by one of the following options
· Serving cell index
· Tuple information for frequency information (e.g.( Point A, offset to point A, Bandwidth))
· For each carrier group, link SRS resources that configured under carriers in the carrier group
3.2 SRS activation
Based on the MAC CE for SRS activation, the cell ID and BWP ID will be indicated. But if SRS resource is configured across carriers and outside BWP, the current MAC CE needs to be enhanced to active aggregated SRS. for example SP Positioning SRS across carriers can be activated by MAC CE, and MAC CE can include Cell group information or multiple cell information, SRS ID related information, and Spatial relation for SRS resource.



[bookmark: OLE_LINK4]Figure 3: SP Positioning SRS Activation/Deactivation MAC CE
In addition, aperiodic SRS is supported for positioning. It only can be triggered by DCI formats 0_1, 0_2, 1_1, and 1_2. In this case, those DCI is used to schedule PDSCH/PUSCH in one cell. So, if trigger aggregated SRS in multiple carriers, a new DCI format may be needed.
Then, PDSCH/PUSCH in multi-cells with a single DCI is supported in the CA agenda with a new DCI format. But it is still not clear whether the multiple cells conform to the cells used for SRS bandwidth aggregation and whether the DCI format can be directly reused for triggering SRS aggregation. If a new format for SRS activation still needs to be defined, we are not sure the aperiodic positioning SRS can be easily supported. 
Proposal 9: [bookmark: _Hlk127462130]
· SP Positioning SRS across carriers can be activated by MAC CE, and MAC CE includes
· Cell group information or multiple cell information
· SRS ID related information
· Spatial relation for SRS resource
· FFS: whether aperiodic Positioning SRS across carriers can be supported

Conclusion
In this contribution, we discuss potential enhancement for bandwidth aggregation with the following proposals.
Proposal 1: 
· For DL PRS bandwidth aggregation
· PRS resources to be aggregated from different PFLs are configured with the same QCL RS
· The same PRS resources number or the same PRS resources set number from different PFLs to be aggregated are transmitted by the same TRP
· For UL SRS bandwidth aggregation
·  SRS resources to be aggregated from different carriers are configured with the same spatial relationship
· SRS resources to be aggregated from different carriers are configured with the same pathloss RS
· The SRS resources number or the SRS resources set number from different carriers to be aggregated is the same
Proposal 2: 
· UE can be configured with one or more positioning frequency layer groups（PFL groups）for bandwidth aggregation 
· For each PFL group, including two or three positioning frequency layers (PFLs), those PFLs can be indicated by one of the following options
· Two or three PFL indexes
· Frequency tuple information (e.g.(dl-PRS-PointA, StartPRB, Bandwidth)) 
· For each PFL group,  link PRS resources that are configured under PFLs in the PFL group
Proposal 3: 
· Add PFL group indication in measurement report, which is used along with dl-PRS-ID, a DL-PRS Resource Set ID, and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource from the PFL group.  
Proposal 4: 
· Introduce an indicator to distinguish single FFT/IFFT or multiple FFT/IFFT operation for bandwidth aggregation measurement.
Proposal 5: 
· The request of on-demand PRS across PFLs for bandwidth aggregation can be supported.
Proposal 6: 
· Pre-configured on-demand PRS across PFLs for bandwidth aggregation can be supported.
Proposal 7: 
· Only MG-based bandwidth aggregation measurement is supported. 
Proposal 8: 
· UE can be configured with one or more carrier groups for bandwidth aggregation 
· For each carrier group, two or three carriers  can be included, which can be indicated by one of the following options
· Serving cell index
· Tuple information for frequency information (e.g.( Point A, offset to point A, Bandwidth))
· For each carrier group, link SRS resources that configured under carriers in the carrier group
Proposal 9: 
· SP Positioning SRS across carriers can be activated by MAC CE, and MAC CE includes
· Cell group information or multiple cell information
· SRS ID related information
· Spatial relation for SRS resource
· FFS: whether aperiodic Positioning SRS across carriers can be supported
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