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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To further improve positioning accuracy, the following objectives on bandwidth aggregation were identified:
	· 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 contribution, we further provide our views on PRS/SRS bandwidth aggregation for positioning measurements based on the outcomes of previous RAN1 meetings [2].

PRS bandwidth aggregation
[bookmark: _Ref31533076]2.1 Common transmission properties
In RAN1#112bis-e meeting, common transmission properties and conditions to support PRS bandwidth aggregation was discussed and the following agreements were made:
	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 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



Based on the agreements, the listed conditions, such as periodicity and slot offset, muting pattern, etc., will be further checked in the next RAN1 meeting.
Taking periodicity as an example, as shown in the following Figure 1(a), if the two aggregated DL PRS resource sets have different periodicities, i.e., DL PRS resource set 1 with a periodicity of 20 ms and DL PRS resource set 2 with a periodicity of 40 ms, in such a case, the DL PRS resource set 1 will be processed in a non-aggregated way every 20 ms. The reported measurements based on the aggregated two DL PRS resource sets may be averaged and the performance gain obtained by PRS bandwidth aggregation may be deceased. Note that multiple DL PRS resource sets per each TRP can be configured under a PFL, a similar configuration can be achieved by providing a non-aggregated DL PRS resource set 3 with a periodicity of 20ms, as shown in Figure 1(b), in which there is no ambiguity of UE behaviour of processing DL PRS and no performance loss of DL PRS bandwidth aggregation of aggregated DL PRS resource sets #1 and #2. Hence, in our views, to enable PRS bandwidth aggregation between PRS in two or three different PFLs, the necessity to introduce configuration flexibility on periodicity, muting pattern, number of resources is not clear.


Figure 1. Illustration of common transmission properties for DL PRS BW aggregation
Regarding the parameters of slot offset and NR-DL-PRS-SFN0-Offset, as the DL PRS bandwidth aggregation is for intra-band cases, we think that typically different PFLs are synchronized, and hence slot offset and NR-DL-PRS-SFN0-Offset should be common transmission parameters for aggregated DL PRS resource sets between different PFLs.
Proposal 1: To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following conditions should be further satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs:
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resources per linked resource set for a TRP
· The same NR-DL-PRS-SFN0-Offset
In addition, regarding whether same gNB Tx or UE Rx TEG ID in two or three different PFLs should be satisfied, we don’t think it needs to be considered for DL PRS BW aggregation. In Rel-17 positioning, the intention to introduce Tx/Rx TEG ID in assistance data/measurement reporting is to mitigate the Tx/Rx timing errors caused by multi-panel devices; on the other hand, by providing configurations or reporting measurements with TEG ID, it indicates that two different resources/measurements in a PFL associated with the same TEG ID shares the same Rx/Tx timing error margins, but it may not be the same thing for DL PRS resources from different PFLs. Basically, we believe that if conditions are satisfied for DL PRS BW aggregation, it should have a more stringent requirement, and therefore, no need to consider same TEG ID for the aggregated PFLs.
Proposal 2: No need to consider same gNB Tx TEG ID or UE Rx ID across PRS resources in two or three aggregated PFLs.

2.2 DL PRS configuration
In order to support bandwidth aggregation of DL PRS, enhancements on configuration of DL PRS and signalling to indicate a UE to jointly receive and combine DL PRS from multiple PFLs should be considered. In the last RAN1 meeting, the following agreement was achieved on DL PRS configuration for BW aggregation, further down-selection will be made in the next meeting between Option 2 and Option 3:
	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.



To minimize the specification workload, the legacy mechanism to provide DL PRS assistance data should be reused as much as possible. In this sense, the most straightforward solution is to introduce an additional filed in LPP signalling (e.g., ProvideAssistanceData or RequestLocationInformation messages) to indicate to a UE which PFLs are linked to enable DL PRS BW aggregation. 
The main difference between Option 2 and Option 3 is whether the linkage is per PRS resource set basis or per PRS resource basis. In our views, the link should be per PRS resource set basis, where it can clearly indicate to the UE which DL PRS resource sets under which TRPs are aggregated and leave flexibility of DL PRS configuration as well. Option 3 may introduce heavy overhead to indicate which PRS resources are linked while no significant benefits can be achieved when compared to Option 2. Option 2, on the other hand, provides a trade-off between signalling overhead and network configuration flexibility.


Figure 2: Illustration of DL PRS configuration and signalling indication
Proposal 3: For PRS bandwidth aggregation across PFLs, support Option 2 agreed in RAN1#112bis-e meeting:
· Option 2: Per TRP basis and per PRS resource set basis

2.3 MG-based and MG-less DL PRS measurement
In the new WID, it is said that only RRM requirements with measurement gaps are specified by RAN4. Since companies shared different views on whether MG-less (PPW-based) DL PRS measurement is within the scope of DL PRS BW aggregation, this issue has been discussed during previous RAN1 meetings. In RAN1#112bis-e meeting, the following agreement was made:
	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



To enable PPW-based DL PRS measurement for BW aggregation, more specification workload is expected as PPW is (pre-)configured per BWP and (de)activated one per PFL by MAC-CE. The configuration, (de)activation of PPW and corresponding UE behaviours need to be enhanced accordingly to enable such feature. From workload perspective, we prefer to prioritize MG-based aggregated DL PRS measurement.
Proposal 4: MG-less aggregated DL PRS measurement is not pursued in Rel-18.

SRS bandwidth aggregation
3.1 Common transmission properties
In the last RAN1 meeting, the following agreements on the common transmission properties to enable SRS bandwidth aggregation were made:
	Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the aggregated SRS resources are of the same SRS resource-Type.

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
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 as the discussion in Section 2.1, we propose that same periodicity and slot offset, and same number of SRS resources for a linked SRS resource set should be supported for SRS bandwidth aggregation. In addition, to enable the SRS BW aggregation, the two or three aggregated SRS resources should be configured with the same pathloss RS, P0 and alpha to maintain the same Tx PSD.
Proposal 5: To enable SRS bandwidth aggregation between SRS in two or three carriers, the following conditions should be further satisfied for the aggregated SRS resources across the aggregated carriers:
· The same periodicityAndOffset and slotOffset
· The same number of SRS resources per a linked SRS resource set
· The same pathloss RS, P0 and alpha to maintain the same Tx PSD
Regarding the same TEG ID, we have the same views as provided in Section 2.1:
Proposal 6: No need to consider same UE Tx TEG ID or gNB Rx ID across PRS resources in two or three aggregated PFLs.

3.2 UL SRS configuration
In order to support SRS bandwidth aggregation, enhancements on configuration of UL SRS to indicate a UE that multiple SRS resources are linked for aggregation. In the last RAN1 meeting, the following agreement was achieved:
	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 as our views for DL PRS configuration enhancement, we think that the link can be a per SRS resource set basis.
Proposal 7: For SRS bandwidth aggregation across two or three carriers, support Option 2 agreed in RAN1#112bis-e meeting:
· Option 2: Per SRS resource set basis.

3.3 Power control of UL SRS BW aggregation
As confirmed by RAN4, the bandwidth aggregation is feasible in case of a single Tx/Rx chain. In such cases, the power control mechanism of simultaneous transmissions of SRS for positioning and/or MIMO SRS resources should be considered. In R16 CA, the following transmission power reduction mechanism was specified in TS38.213, when the total uplink transmission power across multiple carriers exceeds P_c,max:
-------------------------------------------------------- Text from TS 38.213 ----------------------------------------------------------------
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ].
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with higher priority index according to clause 9 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.
------------------------------------------------------- End of text from TS 38.213 ---------------------------------------------------------
The current mechanism indicates that the UL carrier with lower priority order, or the UL carrier on a secondary cell / non-supplementary UL carrier in case of same priority order, will be dropped.
In the last RAN1 meeting, the following agreement on power control was reached:
	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



The most straightforward solution is that when the total UE transmit power across multiple carriers exceeds Pc,max, the transmit power should be allocated proportionally to each aggregated carrier under the constraint of Pc,max, i.e., the power scaling factor for each aggregated carrier should be dependent on the allocated PRB.
Proposal 8: When the total UE transmit power across multiple carriers exceeds Pc,max, the transmit power should be allocated proportionally to each aggregated carrier under the constraint of Pc,max, i.e., the power is scaled based on the allocated PRBs for each aggregated carrier.

Conclusions
In this contribution, we provide our views on BW aggregation of DL PRS and UL SRS, and the following proposals are made:
Proposal 1: To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following conditions should be further satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs:
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resource sets and resources for a TRP
· The same NR-DL-PRS-SFN0-Offset
Proposal 2: No need to consider same gNB Tx TEG ID or UE Rx ID across PRS resources in two or three aggregated PFLs.
Proposal 3: For PRS bandwidth aggregation across PFLs, support Option 2 agreed in RAN1#112bis-e meeting:
· Option 2: Per TRP basis and per PRS resource set basis
Proposal 4: MG-less aggregated DL PRS measurement is not pursued in Rel-18.
[bookmark: _GoBack]Proposal 5: To enable SRS bandwidth aggregation between SRS in two or three carriers, the following conditions should be further satisfied for the aggregated SRS resources across the aggregated carriers:
· The same periodicityAndOffset and slotOffset
· The same number of SRS resources per a linked SRS resource set
· The same pathloss RS, P0 and alpha to maintain the same Tx PSD
Proposal 6: No need to consider same UE Tx TEG ID or gNB Rx ID across PRS resources in two or three aggregated PFLs.
Proposal 7: For SRS bandwidth aggregation across two or three carriers, support Option 2 agreed in RAN1#112bis-e meeting:
· Option 2: Per SRS resource set basis.
Proposal 8: When the total UE transmit power across multiple carriers exceeds Pc,max, the transmit power should be allocated proportionally to each aggregated carrier under the constraint of Pc,max, i.e., the power is scaled based on the allocated PRBs for each aggregated carrier.
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