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Introduction
The WID on bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers is approved in [1]. 
	· 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 this paper, we share our initial views on bandwidth aggregation for positioning measurements

PRS resources across PFLs 
Common transmission properties
In RAN1#112, the following agreement on common transmission properties across PFLs for PRS had been achieved [2].
	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 


In our view, when the aggregated PRS resources in the same slot, in same symbols, and send by the same TRP associated with the same ARP, from the same RF chain (i.e. the same antenna), this implies the same gNB Tx TEG and the same UE Rx TEG.
For periodicity and slot offset, we think it's unnecessary to limit the periodicity and slot offset of different PRS resources belong to the aggregated PRS resources to be the same. Different PRS resources belong to the aggregated PRS resources can have different periodicity and slot offset, UE can perform aggregation reception based on overlapping PRS transmission occasions.
For muting pattern, we think it's necessary to limit the periodicity and slot offset of different PRS resources belong to the aggregated PRS resources to be the same.  
For NR-DL-PRS-SFN0-Offset, we also think it's unnecessary to limit the NR-DL-PRS-SFN0-Offset of different PRS resources belong to the aggregated PRS resources to be the same. Different PRS resources belong to the aggregated PRS resources can have different NR-DL-PRS-SFN0-Offset, UE can perform aggregation reception based on overlapping PRS transmission occasions.
For the number of PRS resource sets and resources for a TRP, we think it's unnecessary to limit the number of PRS resources and PRS resource in different PFLs belong to the aggregated PFLs to be the same. The different PRS resources number or the different PRS resources set number from different PFLs to be aggregated are transmitted by the same TRP can be supported.
Proposal 1: 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 the same gNB Tx TEG and the same UE Rx TEG.
Proposal 2: Different PRS resources belong to the aggregated PRS resources can have different periodicity and slot offset.
Proposal 3: Different PRS resources belong to the aggregated PRS resources can have different NR-DL-PRS-SFN0-Offset.
Proposal 4: The different PRS resources number or the different PRS resources set number from different PFLs to be aggregated are transmitted by the same TRP can be supported.

PRS configuration
In NR Rel-16/17, the UE can be configured with one or more DL PRS positioning frequency layer configuration(s) as indicated by the higher layer. Each positioning frequency layer will be configured with one or more PRS resource set(s) of one or more TRP(s). In other word, a DL PRS positioning frequency layer is defined as a collection of DL PRS resource sets. Each DL PRS resource set consists of one or more DL PRS resource(s) where each has an associated spatial transmission filter. The DL PRS resource(s) for one TRP uniquely correspond to a resource identifier (dl-PRS-ID). The UE expects that one of these dl-PRS-ID along with a nr-DL-PRS-ResourceSetID and a nr-DL-PRS-ResourceID-r16 can be used to uniquely identify a DL PRS resource. Figure 1 shows the structure of R16/R17 DL PRS resource configuration.


Figure 1: The configuration framework of DL PRS for positioning

According to the R16/R17 DL PRS resource configuration structure, we can find that one TRP can be configured with DL PRS resources on different positioning frequency layers. That is to say, using the existing DL PRS resource configuration framework, we can realize that a TRP send PRS on multiple positioning frequency layers at the same time.
Considering that the RF impairments (e.g. timing error, frequency error, phase error, etc.) for separate RF architectures are larger than the single RF architecture, WID assumes that the PRS over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna). However, the RF chains used by TRP to send PRS at different positioning frequency layers are not necessarily the same, which depends on the network implementation. In last meeting, the following agreement on this issue had been achieved [2].
	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.


For PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked, the following four Options had been achieved in last meeting.
· Option 1: The link is for all TRPs.
· Option 2: The link is per TRP basis.
· Option 3: The link is per PRS resource set.
· Option 4: The link is per PRS resource basis.
For Option 1, if two or three PFLs are indicated as being linked, it indicates that all TRP corresponding PRS resources contained in the two or three PFLs are linked and can be aggregated for reception, as shown in the Figure 2. In this case, all TRPs corresponding to two or three associated positioning frequency layers need to use the same RF link when sending PRS on different PFLs simultaneously. This will severely affect the flexibility of the gNB to transmit PRS.


Figure 2: The link is for all TRPs
For Option 2, if two or three PFLs are indicated as being linked, it indicates that some TRP corresponding PRS resources contained in the two or three PFLs are linked and can be aggregated for reception, as shown in the Figure 3. In this case, some TRPs corresponding to two or three associated positioning frequency layers need to use the same RF link when sending PRS on different PFLs simultaneously. Compared to Option 1, Option 2 has some flexibility. However, the portion of the TRP referred to as linked need to use the same RF link when sending PRS on different PFLs with any PRS resource simultaneously.


Figure 3: The link is per TRP basis.
For Option 3, the network can configure the resource sets of the same TRP on different PFLs to be linked, as shown in Figure 4. The network can flexibly configure which resource sets are associated with the same TRP.


Figure 4: The link is per PRS resource set
For Option 4, the network can configure the resource of the same TRP on different PFLs to be linked, as shown in Figure 5. The network can flexibly configure which resources are associated with the same TRP.


Figure 5: The link is per PRS resource basis.
In our view, considering network side flexibility, we prefer the link is per PRS resource set basis or per PRS resource basis.
Proposal 5: The link should be per PRS resource set basis or per PRS resource basis.

Measurement report
In RAN1#112, the following agreement on joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods had been achieved [2].
	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


In last meeting, it was agreed that single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs. Since RSRP or RSRPP can also be included in the TDOA or Multi-RTT positioning measurement report, joint measurement report of RSRP or RSRPP should also supported. In addition, the PFL aggregation indication should be reported along with measurement results. The indication can be used to indicate which/whether PFLs are used for PRS bandwidth aggregation measurement.
Proposal 6: Single RSRP or RSRPP is reported for the PRS resources across aggregated PFLs should be supported.
Proposal 7: PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement.

MG and PPW
In the agreed WID, PRS measurement is restricted within measurement gap in RRC connected sate or in RRC inactive state but only for RAN4 RRM part. Whether PRS bandwidth aggregation measurement is supported within PPW had been discussed in last meeting.
In order to reduce positioning delay, R17 introduces positioning measurement based on PPW. The network uses high-level signaling to configure PPW and measure gap for UE. When the PRS resource is in the BWP and the SCS is consistent with the currently active BWP. UE can apply PPW to measure the PRS resource. When PRS resources are outside the currently activated BWP or PRS SCS are inconsistent with the currently activated BWP, UE needs to apply the measurement Gap for PRS measurement. For PRS bandwidth aggregation measurement, the PRS transmission cannot only be within the currently active BWP (as shown in the Figure 6), so UE cannot use PPW for PRS bandwidth aggregation measurement. Only measurement gap based measurement for PRS bandwidth aggregation should be considered.


Figure 6: PRS measurement and active BWP

Proposal 8: Only measurement gap based measurement for PRS bandwidth aggregation should be considered.

SRS resources across carriers 
Common transmission properties
In RAN1#112, the following agreement on common transmission properties across PFLs for PRS had been achieved [2].
	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


In our view, in the same slot, in same symbols, from the same antenna, this implies the same gNB Rx TEG and the same UE Tx TEG.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the periodicityAndOffset and slotOffset, we prefer the aggregated SRS resources across the aggregated carriers have the same periodicityAndOffset and slotOffset. Considering the UE power consumption, the SRS resources number or the SRS resources set number from different carriers to be aggregated is the same.
Proposal 9: For SRS transmission in the same slot, in same symbols, from the same antenna, this implies the same gNB Rx TEG and the same UE Tx TEG.
Proposal 10: The aggregated SRS resources across the aggregated carriers have the same periodicityAndOffset and slotOffset.
Proposal 11: The SRS resources number or the SRS resources set number from different carriers to be aggregated is the same.

SRS configuration
In NR Rel-16/17, the UE can be configured with one or more SRS resource set(s) for positioning. Each SRS resource set consists of one or more SRS resource(s). A maximum of 16 SRS resource sets can be configured on each BWP. The configuration framework of SRS for positioning is shown in Figure 7.


Figure 7: The configuration framework of SRS for positioning

According to the R16/R17 SRS resource configuration structure, we can find that UE can be configured with SRS resources on different carries (in CA case). That is to say, using the existing SRS resource configuration framework, we can realize that UE send SRS on multiple carries at the same time.
Considering that the RF impairments (e.g. timing error, frequency error, phase error, etc.) for separate RF architectures are larger than the single RF architecture, the WID assumes that the SRS over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna). However, the RF chains used by UE to send SRS at different carries are not necessarily the same, which depends on the UE implementation. In last meeting, the following agreement on this issue had been achieved [2].
	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.


For SRS bandwidth aggregation across two or three carriers, it had been agreed that SRS resources are per BWP per carrier configuration. For SRS configuration to indicate the SRS resources from which two or three carriers are linked, the following two Options had been achieved in last meeting.
-	Option 1: The link is per PRS resource set.
-	Option 2: The link is per PRS resource basis.
[bookmark: OLE_LINK6]For Option 3, the network can configure the SRS resource sets of the same UE on different carries to be linked, as shown in Figure 8. The network can flexibly configure which SRS resource sets are inked for one UE.


Figure 8: The link is per PRS resource set.

For Option 4, the network can configure the SRS resource of the same UE on different carries to be linked, as shown in Figure 9. The network can flexibly configure which SRS resources are linked for the one UE.


Figure 9: The link is per PRS resource basis.

In our view, for SRS configuration to indicate the SRS resources from which two or three carriers are linked, both per SRS resource set basis and per SRS resource basis configuration should be supported.
Proposal 12: For SRS configuration to indicate the SRS resources from which two or three carriers are linked, both per SRS resource set basis and per SRS resource basis configuration should be supported.

Measurement report
In RAN1#112, the following agreement on joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods had been achieved [2].
	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 as PRS measurement, joint measurement report of RSRP or RSRPP should also supported. In addition, SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement.
Proposal 13: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement.

RRC state
Whether SRS bandwidth aggregation will be specified for UEs in both RRC_CONNECTED and RRC_INACTIVE state had been discussed in last meeting. Considering communication CA is not supported in RRC _INACTIVE/RRC_Idle state, and the SRS should be transmitted in the same band or carrier with initial BWP in RRC _INACTIVE state/RRC_Idle state. In our view, we think that only SRS bandwidth aggregation in RRC_CONNECTED should be supported.
Proposal 14: Only SRS bandwidth aggregation in RRC_CONNECTED should be supported.

Conclusion
In this contribution, we provided initial views on bandwidth aggregation for positioning measurements. In summary, we have following observations and proposals:
Proposal 1: 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 the same gNB Tx TEG and the same UE Rx TEG.
Proposal 2: Different PRS resources belong to the aggregated PRS resources can have different periodicity and slot offset.
Proposal 3: Different PRS resources belong to the aggregated PRS resources can have different NR-DL-PRS-SFN0-Offset.
Proposal 4: The different PRS resources number or the different PRS resources set number from different PFLs to be aggregated are transmitted by the same TRP can be supported.
Proposal 5: The link should be per PRS resource set basis or per PRS resource basis.
Proposal 6: Single RSRP or RSRPP is reported for the PRS resources across aggregated PFLs should be supported.
Proposal 7: PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement.
Proposal 8: Only measurement gap based measurement for PRS bandwidth aggregation should be considered.
Proposal 9: For SRS transmission in the same slot, in same symbols, from the same antenna, this implies the same gNB Rx TEG and the same UE Tx TEG.
Proposal 10: The aggregated SRS resources across the aggregated carriers have the same periodicityAndOffset and slotOffset.
Proposal 11: The SRS resources number or the SRS resources set number from different carriers to be aggregated is the same.
Proposal 12: For SRS configuration to indicate the SRS resources from which two or three carriers are linked, both per SRS resource set basis and per SRS resource basis configuration should be supported.
Proposal 13: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement.
Proposal 14: Only SRS bandwidth aggregation in RRC_CONNECTED should be supported.
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