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Introduction
[bookmark: _Hlk126226656]A new WID on positioning was approved in RAN#98-e [1] and it has the following objectives related to bandwidth aggregation, and with RAN1 as the leading group for discussion:
	· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]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 further provide our views on the PRS BW aggregation and SRS BW aggregation. 

PRS BW aggregation
Common transmission properties for aggregated PRS resources
In RAN1#112bis-e [4], we discussed the condition for aggregated PRS resources and the following agreement was made.
	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 


Regarding the same antenna port to achieve phase continuity between PFLs, it should be clear that the aggregated PRS and SRS should be in the same antenna port, according to the following definition of antenna ports in TS 38.211 [2].
	[bookmark: _Toc19796382][bookmark: _Toc26459608][bookmark: _Toc29230252][bookmark: _Toc36026511][bookmark: _Toc45107350][bookmark: _Toc51774019][bookmark: _Toc106014708]4.4.1	Antenna ports
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 


It is also worth noting that in coverage enhancement of TBoMS, the following description with regards to the same antenna port description has already captured in clause 6.2 of TS 38.211.
	If DM-RS bundling is applied to PUSCH and/or PUCCH repetitions and/or transport-block processing over multiple slots as described in clause 6.1.7 of [6, 38.214], the UE transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed if the two symbols are transmitted within the same actual time-domain window.


The above description about channel inference indicates that the same port means same channel from RAN1 perspective. The aggregated PRS resources across PFLs with same antenna port may have different CFRs due to different frequencies, but the ground-truth CIR are the same, which guarantees the phase continuity between PFLs. Therefore, we think aggregated PRS should be the same antenna port from RAN1 point of view, and it should be captured in the RAN1 specification.
The goal of the time related common transmission properties for aggregated PRS resources is to enable the aggregated PRS resources to be transmitted on the same time-domain location so that the UE can jointly process these aggregated PRS resources. Therefore, it is straightforward to configure the aggregated PRS resources with the same periodicity, slot offset, and muting pattern to guarantee the same-time location of aggregated PRS resources. 
On the same number of resource sets, our understanding is that it is not needed, it could be a possibility that a positioning frequency layer has two resource sets, while another positioning frequency layer has a single one that is linked to one of the two sets on another positioning frequency layer.
On the same number of resources per set, we prefer to keep it, so that there is a one-to-one mapping between the resources in two linked resource sets. 
As mentioned above, it is ultimately necessary to ensure that the time-domain location of the aggregated resources is the same. NR-DL-PRS-SFN0-Offset and dl-PRS-ResourceSlotOffset together determine the slot position of the PRS resource. Therefore, from a flexible design point of view, the NR-DL-PRS-SFN0-Offset of the aggregated PRS resources can be different as long as they eventually appear on the same symbol.
To sum up, we have the following proposal.
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal 1: For the PRS BW aggregation, the aggregated PRS resources in multiple PFLs should have the following properties:
The same antenna port from RAN1 perspective
The same periodicity and slot offset 
The same muting pattern
The same number of PRS resource and resources per set for a TRP
For a per-symbol uniformly spaced PRS pattern, in general, we think it should be satisfied. However, with regards to the guard-band between CCs, the mapping may be discontinuous. As long as discontinuous mapping is allowed, we are general fine with the uniformly spaced pattern.
Proposal 2: For the PRS BW aggregation, UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths 
a per-symbol uniformly spaced PRS pattern across aggregated bandwidths does not preclude not mapping some REs in the guardband between two PFLs

TEG reporting
In RAN1#112bis-e [4], the following agreement was made to study TEG feature when considering aggregated PRS resources.
	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


Regarding the TEG between aggregated PRS resources, RAN4 RF already agreed that no TAE requirement will be defined for single RF chain architecture [3]. Therefore, the TEG reporting feature should not be coupled with PRS BW aggregation.
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TAE for single RF chain architecture
Agreement:
· No need to discuss TAE for single RF chain architecture
· TAE refers to the TAE requirements across carriers in BS specification


Proposal 3: There is no need to use single TRP Tx TEG ID or UE Rx TEG ID across PRSs in aggregated PFLs for TEG information reporting.

Linkage information
In RAN1#112bis-e [4], we discussed the resources link level for aggregated PRS resources and the following agreement was made. 
	Agreement
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#113.
· 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.


The last meeting agreed that the PRS bandwidth aggregation across PFLs is either per PRS resource set basis or per PRS resource basis. For Option 3, per resource basis linkage introduces additional signaling overhead and complexity while the benefit from the flexibility compared to Option 2 is not clear. For Option 2, per resource set basis linkage makes the configuration simpler with signaling overhead reduction and lower implementation complexity. Therefore, we support Option 2. 
Proposal 4: For PRS bandwidth aggregation across PFLs, support per TRP basis and per PRS resource set basis linkage.

DL measurement
In RAN1#112bis-e [4], we discussed the measurement procedure for PRS resources aggregated across PFLs and we have the following agreement.
	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


The last meeting agreed that single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement. Regarding RSTD reference, we prefer not to extend to per-PFL reference reporting. 
Proposal 5: For PRS bandwidth aggregation across PFLs for DL-TDOA, support a single aggregated RSTD reference.
Regarding the case when PRS in one of aggregated PFLs is dropped, we support Alt. 1, i.e., drop positioning measurement in all aggregated PFLs in the same symbol(s). Since the remaining PFLs may be not continuous, i.e., three PFLs are aggregated and the middle is dropped. Thus, additional discussion is needed to define how to perform PRS measurements on the remaining PFLs, i.e., joint measurement or individual measurements, which overcomplicate the measurement requirements definition. Therefore, we have the following proposal.
[bookmark: OLE_LINK321]Proposal 6: For the case when PRS in one of aggregated PFLs is dropped, drop positioning measurement on the remaining aggregated PFLs in the same symbol(s).

PPW-based bandwidth aggregation measurement
In the last RAN1 meeting, we discussed that whether PPW is supported for PRS bandwidth aggregation measurement, and we have the following agreement,
	Agreement
[bookmark: OLE_LINK279][bookmark: OLE_LINK280]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


Based on our understanding, if we support PPW-based bandwidth aggregation measurement, there are several small issues that need to be solved. 
First, the PPW is configured per BWP, and is used by the UE to measure the DL PRS, which is inside the active DL BWP and with the same numerology as the active DL BWP without considering any numerology adaption and/or RF retuning time.
For PRS bandwidth aggregation without MG, there are two options worth considering with respect to the PPW configuration/activation:
· Option-1: UE uses multiple (overlapping) PPWs to measure the PRSs
· Option-2: UE directly uses a single PPW (common PPW or shared PPW) to cover multiple positioning frequency layers to measure the PRSs
[bookmark: _Ref134259099]For Option-1, it is currently not supported, since the activated PPW should not overlap in time. 
For Option-2, the configuration of PPW can be supported by the current procedure. However, it does not allow the network to switch the measurement from aggregated measurements to disaggregated one, i.e. fallback to per positioning frequency layer measurement.
Therefore, we think Option-1 is more flexible for PRS bandwidth aggregation measurement, and network may choose to activate either one or both PPWs to enable UE to perform the measurement on either single positioning frequency layer or both positioning frequency layers. 
Proposal 7: If the PPW-based PRS bandwidth aggregation measurement is supported, RAN1 should support activating multiple overlapped PPWs.

SRS BW aggregation
Common transmission properties for aggregated PRS resources
In the last RAN1 meeting, we discussed the condition for aggregated SRS resources and the following agreement was made.
	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 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


Similar to common transmission properties of PRS BW aggregation, we think the aggregated SRS resources in multiple carriers should have the same antenna port, the same periodicity and slot offset and the same number SRS resources per SRS resource set.
On the configuration parameters for power control, to ensure the same Tx PSD across the aggregated carriers, the simpler way is only configuring a common parameter set for the aggregated SRS resources across the aggregated carriers. It's also beneficial to save signaling overhead.
Proposal 8: For the SRS BW aggregation, the aggregated SRS resources in multiple carriers should have the following properties:
The same antenna port from RAN1 perspective
The same periodicity and slot offset 
The same number of SRS resources per set
A common parameter set of pathloss RS, Po and alpha.
For a per-symbol uniformly spaced SRS pattern, our view is different from PRS. The reason is that SRS is configured by the gNB and also received by gNB. If gNB cannot process the non-uniformly spaced pattern, gNB should not configure it in the first place. From UE perspective, the SRS transmission characteristics should not be impacted on the SRS resource mapping across multiple carriers.
Proposal 9: Regarding whether maintain the per-symbol uniformly spaced SRS pattern for the SRS BW aggregation, no requirement is expected for UEs and the SRS configuration is up to gNB.

TEG reporting
In RAN1#112bis-e [4], the following agreement was made to study TEG feature when considering aggregated SRS resources.
	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


Similar to PRS BW aggregation, the TEG reporting feature should not be coupled with SRS BW aggregation.
Proposal 10: There is no need to use single UE Tx TEG ID or TRP Rx TEG ID across SRSs in aggregated carriers for TEG information reporting.

Linkage information
In the last RAN1 meeting, we discussed the resources link level for aggregated SRS resources and the following agreement was made.
	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


Similar to PRS BW aggregation, per resource set basis reduces the signaling overhead and implementation complexity. Therefore, we support Option 2.  
Proposal 11: For SRS bandwidth aggregation across two or three carrier, support per SRS resource set basis linkage.

RRC state
In the last RAN1 meeting, we made the following agreement to support SRS bandwidth aggregation for UEs in RRC_INACTIVE state.
	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


[bookmark: OLE_LINK77][bookmark: OLE_LINK78]In order to support SRS BW aggregation in RRC_INACTIVE state, one or two carriers containing the SRS configuration should be provided in addition to the current “anchor carrier” in the RRC Release message. In order to identify the carriers, a frequency information for the carrier should be provided as any regular SCell frequency info.
Proposal 12: To support intra-band contiguous SRS bandwidth aggregation for UE in RRC_INACTIVE state, frequency information, i.e. PointA ARFCN of one or two additional carriers should be provided by RRCRelease message.

Aperiodic SRS
In the last RAN1 meeting, we made the following agreement to support aperiodic positioning SRS for bandwidth aggregation.
	Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details


Supporting aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state was agreed in the last meeting. Considering the fact that the already specified DCI can trigger aperiodic SRS, the most direct and most straightforward way for the triggering of aperiodic positioning SRS for bandwidth aggregation across two or three carriers is reusing the existing DCI scheduling. Besides, we already agreed that support new signaling to indicate which SRS resource sets/resources across carriers are linked. Therefore, the linked SRS resources can be triggered together if one of them is triggered by existing DCI scheduling. The benefit of reusing the existing DCI triggering framework is that no additional standardization work is introduced if compared with single DCI triggering SRS resources across multiple carriers. Therefore, we have the following proposal.
Proposal 13: For the triggering of aperiodic positioning SRS for bandwidth aggregation, reuse the existing DCI framework and no additional enhancement is needed.

UL measurement
In last RAN1 meeting, we discussed the measurement procedure for aggregated SRS resources across carriers and we have the following agreement.
	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


Similar to the aggregated PRS measurement, from the point of simplifying the measurement process, we prefer to stop SRS transmission in all aggregated carriers in the same symbol when SRS in one of aggregated carriers is dropped.
Proposal 14: For the case when SRS in one of aggregated carriers is dropped, stop SRS transmission on the remaining aggregated carriers in the same symbol. 

Power control
In RAN1#112bis-e [4], we discussed the power control for aggregated SRS resources and a FFS was made to study the power scaling between aggregated carriers.
	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


It was agreed to further study power scaling between aggregated carriers when total UE transmit power in a transmission occasion I exceeds  In this case, the power scaling between aggregated carriers should be equal to maintain the same PSD. 
The power allocation of each carrier should be considered together with the maximum transmit power and the transmit power of other channels or signals whose priorities are higher than SRS. Form RAN1 perspective, an additional formula for power control for SRS carrier aggregation should be defined. For active UL BWP  of carrier  of serving cell , the transmission power   in SRS transmission occasion  can be shown as

where, 
·  is the transmission power calculated from legacy SRS transmission.
·  is the total SRS transmission power across multiple carriers, where each of them is calculated based on the legacy power control mechanism.
·  is the remaining power for SRS transmission ,  where is the UE configured maximum output power, is sum of transmit power of other channels or signals whose priorities are higher than SRS.
Proposal 15: The transmission power of each carrier within SRS bandwidth aggregation should be determined according to

where, 
·  is the transmission power calculated from legacy SRS transmission
·  is the remaining power for SRS transmission  after allocating the transmit power of other channels or signals whose priorities are higher than SRS.

Support of other measurements
In RAN1#112bis-e [4], we made the following agreement with respect to measurement reporting for DL and UL.
	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

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



In the last RAN1 meeting, we discussed whether RSRP or RSRPP should be reported in the measurement report in the aggregated PRS scenario. In the WID, only timing-related measurements can be enhanced by the support of bandwidth aggregation. From our understanding, reporting RSRP or RSRPP in the PRS bandwidth aggregation is not within the scope of the WID.
If the support of RSRP/RSRPP is due to the consideration of minimizing specification change, i.e. to keep the single ToA+RSRP/RSRPP reporting structure, then we think that AoA should be applied as well. In fact, if the measurement quantity does not apply to BW aggregation, spec should be explicitly on the restriction, which is absolutely unnecessary.
Of source, from RAN1 perspective, the performance requirement for power and angle is needed.
Observation 1: The support of RSRP/RSRPP/AoA measurement associated with BW aggregation, which is currently outside the WID scope, does not impose any further change to the signaling; adding the restriction that some measurements is not applicable to BW aggregation actually requires additional spec change.
Proposal 16: The existing reporting structure can be reused without further restriction to power and angle domain measurements.
From RAN1 perspective, no RRM requirement is expected beyond timing based measurement for BW aggregation.

Conclusion
In this contribution, we provided our views on the solutions to support PRS/SRS bandwidth aggregation. Based on the discussion, we have the following proposals.
Proposal 1: For the PRS BW aggregation, the aggregated PRS resources in multiple PFLs should have the following properties:
· The same antenna port from RAN1 perspective
· The same periodicity and slot offset 
· The same muting pattern
· The same number of PRS resource and resources per set for a TRP

Proposal 2: For the PRS BW aggregation, UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths 
· Fa per-symbol uniformly spaced PRS pattern across aggregated bandwidths does not preclude not mapping some REs in the guardband between two PFLs

Proposal 3: There is no need to use single TRP Tx TEG ID or UE Rx TEG ID across PRSs in aggregated PFLs for TEG information reporting.
Proposal 4: For PRS bandwidth aggregation across PFLs, support per TRP basis and per PRS resource set basis linkage.
Proposal 5: For PRS bandwidth aggregation across PFLs for DL-TDOA, support a single aggregated RSTD reference.
Proposal 6: For the case when PRS in one of aggregated PFLs is dropped, drop positioning measurement on the remaining aggregated PFLs in the same symbol(s).
Proposal 7: If the PPW-based PRS bandwidth aggregation measurement is supported, RAN1 should support activating multiple overlapped PPWs.
Proposal 8: For the SRS BW aggregation, the aggregated SRS resources in multiple carriers should have the following properties:
· The same antenna port from RAN1 perspective
· The same periodicity and slot offset 
· The same number of SRS resources per set
· A common parameter set of pathloss RS, Po and alpha.

[bookmark: _GoBack]Proposal 9: Regarding whether maintain the per-symbol uniformly spaced SRS pattern for the SRS BW aggregation, no requirement is expected for UEs and the SRS configuration is up to gNB.
Proposal 10: There is no need to use single UE Tx TEG ID or TRP Rx TEG ID across SRSs in aggregated carriers for TEG information reporting.
Proposal 11: For SRS bandwidth aggregation across two or three carrier, support per SRS resource set basis linkage.
Proposal 12: To support intra-band contiguous SRS bandwidth aggregation for UE in RRC_INACTIVE state, frequency information, i.e. PointA ARFCN of one or two additional carriers should be provided by RRCRelease message.
Proposal 13: For the triggering of aperiodic positioning SRS for bandwidth aggregation, reuse the existing DCI framework and no additional enhancement is needed.
Proposal 14: For the case when SRS in one of aggregated carriers is dropped, stop SRS transmission on the remaining aggregated carriers in the same symbol. 
Proposal 15: The transmission power of each carrier within SRS bandwidth aggregation should be determined according to

where, 
·  is the transmission power calculated from legacy SRS transmission
·  is the remaining power for SRS transmission  after allocating the transmit power of other channels or signals whose priorities are higher than SRS.

Observation 1: The support of RSRP/RSRPP/AoA measurement associated with BW aggregation, which is currently outside the WID scope, does not impose any further change to the signaling; adding the restriction that some measurements is not applicable to BW aggregation actually requires additional spec change.
Proposal 16: The existing reporting structure can be reused without further restriction to power and angle domain measurements.
· From RAN1 perspective, no RRM requirement is expected beyond timing based measurement for BW aggregation.
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