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1. Introduction 
In RAN#98 meeting a work item on Expanded and Improved NR Positioning was approved [1]. For positioning accuracy improvement, it was agreed to specify PRS/SRS bandwidth aggregation for positioning measurements across multiple carriers as follows:
	· 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].


During the study item phase, RAN4 studied several aspects of the feasibility of PRS/SRS bandwidth aggregation support [2]. As a conclusion, it was agreed that PRS/SRS bandwidth aggregation for intra-band contiguous carriers is feasible considering timing error, phase coherency, frequency errors, power imbalance, etc. 
In this contribution, we discuss aspects that would be required to support PRS/SRS bandwidth aggregation from RAN1 perspective. 
2. Discussion
2.1. DL PRS bandwidth aggregation
Common transmission properties for DL PRS
	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


In our view, listed candidates for common transmission properties are not necessary for PRS bandwidth aggregation, and it will restrict PRS configuration flexibility. Moreover, as we discussed in the following section, per PRS resource configuration for PRS bandwidth aggregation is preferable from configuration flexibility perspective. Hence, parameters configured per TRP or per PRS resource sets are undesirable, at least.
Proposal 1: No additional common property for PRS bandwidth aggregation is considered in Rel-18.

PRS configuration
	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.


According to the agreement in the last meeting, we can consider two options for how to indicate which PRS resources are linked across PFLs. Considering UEs not capable of bandwidth aggregation, it is not preferable to restrict configuration flexibility of PRS resources for supporting PRS bandwidth aggregation.
Proposal 2: Support option 3 for PRS configuration for PRS bandwidth aggregation across PFLs
· 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. 

PPW-based bandwidth aggregation
	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


Compare to the MG, PPW has benefits from latency point of view. However, it should be noted that the positioning accuracy of PPW-based measurement is limited by the bandwidth size of the active DL BWP, while the MG-based positioning measurements have an advantage in terms of positioning accuracy because it can utilize full bandwidth of PFLs. Hence, it seems that the motivation for introducing PPW does not align well with the PRS bandwidth. 
Proposal 3: PPW-based bandwidth aggregation is not considered in Rel-18
2.2. UL PRS bandwidth aggregation
Common transmission properties for UL SRS
	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

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


As discussed in the previous section on DL PRS bandwidth aggregation, it is preferable to keep as much configurable flexibility as possible when supporting bandwidth aggregation, and same strategy can be applied to SRS bandwidth aggregation.
Proposal 4: No additional common property for SRS bandwidth aggregation is considered in Rel-18.

SRS configuration
	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


According to the agreement in the last meeting, we can consider two options for how to indicate which SRS resources are linked across carriers. From SRS scheduling flexibility perspective, option 3 is preferable. 
[bookmark: _Hlk135055970]Proposal 5: Support option 3 for SRS configuration for SRS bandwidth aggregation across carriers
· 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

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


In a previous meeting, it was agreed to support aperiodic positioning SRS for bandwidth aggregation, and details on it should be discussed further. One possible way to support aperiodic positioning SRS for bandwidth aggregation is using two DCIs scheduling SRS in two carriers separately. However, it requires gNB to transmit multiple DCIs for a set of linked SRS resources across carriers, so it is not beneficial from resource overhead perspective. Moreover, if UE misses one of the DCIs, UE will transmit only one SRS for positioning while gNBs try to detect BW aggregated SRS resources. Alternatively, if the UE have received configuration for SRS bandwidth aggregation across carriers for aperiodic SRS resources, single DCI indicating multiple SRS resources across carriers can be supported. 
Proposal 6: Support a single DCI scheduling positioning SRS across the linked carriers.

3. Conclusion
In this contribution, we discussed on potential enhancements on PRS/SRS bandwidth aggregation for positioning measurements. From the discussion, we obtained following proposals: 
Proposal 1: No additional common property for PRS bandwidth aggregation is considered in Rel-18.
Proposal 2: Support option 3 for PRS configuration for PRS bandwidth aggregation across PFLs
· 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.
· [bookmark: _GoBack]For the non-linked PRS resources, no aggregation is assumed even if the conditions are satisfied. 
Proposal 3: PPW-based bandwidth aggregation is not considered in Rel-18
Proposal 4: No additional common property for SRS bandwidth aggregation is considered in Rel-18.
Proposal 5: Support option 3 for SRS configuration for SRS bandwidth aggregation across carriers
· 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
Proposal 6: Support a single DCI scheduling positioning SRS across the linked carriers.
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