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In Expanded and Improved NR Positioning WI, the following objective has been identified for the support of PRS/SRS bandwidth aggregation [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 the contribution, we present our views on bandwidth aggregation for PRS and SRS for positioning. 
Bandwidth aggregation for DL PRS
As captured in TR 38.859, the following RRM aspects have been assumed for PRS bandwidth aggregation [2]:
	From the perspective of Radio Resource Management (RRM), 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).



The basic principle of bandwidth aggregation of positioning reference signals is to effectively constitute a wideband channel based on multiple channel observations in contiguous carriers so as to increase discrete Fourier size and reduce a sample time duration. In this regard, the accuracy of measurements from timing-based DL-TDOA, UL-TDOA, and Multi-RTT positioning methods can be further enhanced. 
Figure 1 illustrates DL PRS bandwidth aggregation across intra-band contiguous carriers. Note that if abrupt change on the phase or transmit power occurs for the DL PRS transmission between the two contiguous carriers, substantial positioning performance degradation would be expected. In order to allow coherent combining of the channel observations across intra-band contiguous carriers, phase continuity and power consistency may need to be maintained at the transmitter side. In this case, UE may expect phase continuity and power consistency for DL PRS transmission across intra-band contiguous carriers.  
For DL PRS bandwidth aggregation, existing DL PRS resource configuration including positioning frequency layers, DL PRS resource set and DL PRS resource can be reused, which can minimize the specification impact and implementation effort. To enable bandwidth aggregation, it is agreed that the gNB configures DL PRS resources with same time domain resource allocation across the aggregated bandwidths, including symbol and slot index. In other words, UE expects same time domain resource configuration for DL PRS transmission with bandwidth aggregation for proper operation. Further, UE may expect same QCL assumption for DL PRS transmission in the same symbol across contiguous component carriers. Note that whether bandwidth aggregation is enabled or disabled can be configured as part of positioning frequency layer configuration. 
In terms of relationship to support of DL CA, various options can be considered. For example, reception of DL PRS with bandwidth aggregation may be configured to a UE indicating support of both DL CA and bandwidth aggregation for DL PRS. However, the configuration of the PFLs used for DL PRS bandwidth aggregation may not be coupled to configuration of CCs for DL CA operation. As a particular example, reception of DL PRS with bandwidth aggregation may be configured on a set of contiguous intra-band DL component carriers (CCs) without being configured with for DL CA operation. In this case, the configuration of the DL serving cells other than the primary cell may be provided separately and limited only to reception of DL PRS with bandwidth aggregation, and the reception of DL PRS with bandwidth aggregation may be limited to within measurement gaps in the primary serving cell.
As another option, configuration for reception of DL PRS with bandwidth aggregation may be piggybacked on the configuration for DL CA. In particular, DL PRS reception with bandwidth aggregation may be configured on a subset of contiguous intra-band DL CCs that the UE has been configured with for DL CA operation. 
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[bookmark: _Ref125199909]Figure 1. DL PRS bandwidth aggregation across intra-band contiguous carriers
Proposal 1
· For DL PRS bandwidth aggregation:
· Whether bandwidth aggregation is enabled, or disabled is configured as part of positioning frequency layer configuration.
· UE may expect same numerology and same time domain resource allocation for DL PRS transmission across contiguous carriers.  
· UE may expect the same QCL assumption for DL PRS transmission in the same symbol across contiguous carriers
· UE may expect phase continuity and power consistency for DL PRS transmission across intra-band contiguous carriers.  
Proposal 2
· For DL PRS bandwidth aggregation, the relationship to DL CA configuration should be discussed further, including the following:
· Dependency, if any, between configuration of DL CA and DL PRS bandwidth aggregation 
· Dependency, if any, between the CCs used for DL CA (if configured) and those used for DL PRS bandwidth aggregation. 

Bandwidth aggregation for SRS for positioning
As captured in TR 38.859, the following RRM aspects have been assumed for SRS bandwidth aggregation [2]:
	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.



Based on the aforementioned RRM requirements, when transmitting SRS for positioning with bandwidth aggregation, UE expects same time domain resource allocation for simultaneous SRS transmissions, including symbol and slot index. This should be ensured by proper configuration and triggering of SRS resource sets for positioning. Similarly, UE may expect same spatial relations for SRS transmissions in the same symbols across intra-band contiguous carriers so as to allow coherent combining at the gNB receiver.  
Proposal 3
· For SRS bandwidth aggregation, 
· UE may expect same numerology and same time domain resource allocation for SRS transmission across contiguous carriers
· UE may expect same spatial relations for SRS transmission across contiguous carriers

Similar to the case of bandwidth aggregation for DL PRS, relationships to UL CA capabilities and configurations need further discussion. Accordingly, we make the following proposal:
Proposal 4
· For bandwidth aggregation for SRS for positioning, the relationship to UL CA configuration should be discussed further, including the following:
· Dependency, if any, between configuration of UL CA and SRS for positioning bandwidth aggregation 
· Dependency, if any, between the CCs used for UL CA (if configured) and those used for bandwidth aggregation for SRS for positioning. 

Note that the following options can be considered to enable bandwidth aggregation for SRS for positioning:
· Option 1: SRS resource set includes SRS resources from different carriers, while existing configuration and triggering mechanisms can be reused. 
· Option 2: existing SRS resource set configuration is reused, while configuration and triggering mechanisms are enhanced to support SRS bandwidth aggregation
· Option 3: existing SRS resource set configuration, as well as configuration and triggering mechanism are reused, while gNB needs to ensure proper scheduling or configuration for SRS bandwidth aggregation. 
For Option 1, SRS resource set for positioning may include more than one SRS resource, where each SRS resource is associated with a carrier among intra-band contiguous carriers. Further, when an SRS resource set is configured, activated, or triggered for periodic, semi-persistent, or aperiodic SRS transmission, respectively, SRS resources from different carriers within the SRS resource set are used for SRS transmission. For this option, existing configuration and triggering mechanisms for P/SP/A-SRS transmission for positioning can be reused, which may simplify the specification effort in RAN1. However, the basic configuration structure of SRS resource set may substantially differ from the existing one as defined in NR.
For Option 2, existing SRS resource set configuration, including SRS resource set and SRS resource configuration can be reused as SRS resource set is contained within a carrier and UL BWP. However, configuration and triggering mechanism for P/SP/A-SRS transmission needs to be further enhanced in order to support SRS transmission with bandwidth aggregation. In particular, for A-SRS transmission for positioning with bandwidth aggregation, SRS request field in the non-fallback DCI formats may need to be re-interpreted to trigger SRS transmission across intra-band contiguous carriers. Similar to DCI format 2_3, a set of intra-band contiguous carriers may be configured and indicated via SRS request field for A-SRS transmission. Figure 2 illustrates one example of using a single DCI to trigger A-SRS transmission for positioning with bandwidth aggregation. 
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[bookmark: _Ref125320484]Figure 2. Triggering A-SRS for positioning with bandwidth aggregation using a single DCI
For Option 3, both existing SRS resource configuration and triggering mechanisms as defined in NR can be reused to support SRS transmission with bandwidth aggregation. For this option, gNB may need to provide proper configuration and triggering of SRS transmission using separate DCI formats from the same or different carriers, i.e., to ensure same time domain resource allocation for the corresponding SRS transmissions in different carriers. While it is evident that this option can minimize the specification impact on the SRS resource set configuration and activation/triggering mechanisms for SRS transmission, signalling overhead may be increased as separate DCI may need to be used for triggering SRS transmission in different carriers. Further, special handling may need to be considered in case when UE misses one of the DCI formats for A-SRS transmission across contiguous carriers. 
Based on the discussions above, further discussion is needed on the configuration, activation and triggering mechanisms to enable SRS bandwidth aggregation, with the consideration of specification impact and signalling overhead. 
Proposal 5
· Further discussion is needed on the configuration, activation and triggering mechanisms to enable SRS bandwidth aggregation, with the consideration of specification impact and signalling overhead. 

Phase continuity and power consistency 
Based on RAN4 feasibility studies on bandwidth aggregation enablement for improved positioning performance, single RF TX/RX chain architecture to support contiguous carrier aggregation, was agreed to be prioritized at both the gNB and UE side. Such an architecture helps addressing potential RF impairments, including the timing alignment, frequency error, phase offset, and power imbalance across the component carriers. Still, due to the fact that no signal would be transmitted over the gap subcarriers between the aggregated carriers, special consideration may be required to ensure the phase continuity and power consistency for transmission of signal over the contiguous component carriers. This may be particularly relevant in defining corresponding Tx-side requirements considering impact from any filtering applied to avoid transmission over the guard subcarriers. 
Similar to DL PRS bandwidth aggregation discussed in Section 2, when transmitting SRS across intra-band contiguous carriers, UE may need to maintain phase continuity and power consistency for simultaneous SRS transmission so as to allow combining of multiple channel observations from contiguous carriers at the receiver. The exact condition to maintain phase continuity and power consistency for SRS bandwidth aggregation including certain tolerance level should be defined in RAN4, especially when considering guard band between intra-band contiguous carrier. In this regard, RAN1 should consider sending an LS to RAN4 soliciting feedback on the conditions for gNB and UE to maintain phase continuity and power consistency for DL PRS and SRS bandwidth aggregation across intra-band contiguous carriers, respectively. 
As defined in NR, when SRS transmission overlaps with other UL channel or signals, SRS may be cancelled or dropped on the overlapping symbols. For instance, when P/SP/A-SRS transmission overlaps with a PUCCH carrying HARQ-ACK feedback, SRS transmission is dropped on the overlapping symbols. For SRS with bandwidth aggregation, if SRS transmission is dropped or cancelled in one of the multiple contiguous carriers, UE may not need to maintain the phase continuity and power consistency. Figure 2 illustrates one example of SRS bandwidth aggregation when SRS in one carrier is dropped. In this case, UE may not maintain the phase continuity and power consistency on the SRS transmission in the remaining carriers. 
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[bookmark: _Ref125278824]Figure 3. SRS bandwidth aggregation when SRS in one carrier is dropped
Proposal 6
· Send an LS to RAN4 soliciting feedback on the conditions for gNB and UE to maintain phase continuity and power consistency for DL PRS and SRS bandwidth aggregation, respectively, when considering presence of guard subcarriers between the CCs. 
· For SRS bandwidth aggregation, 
· UE needs to maintain phase continuity and power consistency for simultaneous SRS transmission,
· UE may not maintain phase continuity and power consistency when SRS transmission is dropped or cancelled in a carrier. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on bandwidth aggregation for PRS and SRS for positioning. Further, we summarize the proposals as follows:
Proposal 1
· For DL PRS bandwidth aggregation:
· Whether bandwidth aggregation is enabled, or disabled is configured as part of positioning frequency layer configuration.
· UE may expect same numerology and same time domain resource allocation for DL PRS transmission across contiguous carriers.  
· UE may expect the same QCL assumption for DL PRS transmission in the same symbol across contiguous carriers
· UE may expect phase continuity and power consistency for DL PRS transmission across intra-band contiguous carriers.  
Proposal 2
· For DL PRS bandwidth aggregation, the relationship to DL CA configuration should be discussed further, including the following:
· Dependency, if any, between configuration of DL CA and DL PRS bandwidth aggregation 
· Dependency, if any, between the CCs used for DL CA (if configured) and those used for DL PRS bandwidth aggregation. 
Proposal 3
· For SRS bandwidth aggregation, 
· UE may expect same numerology and same time domain resource allocation for SRS transmission across contiguous carriers
· UE may expect same spatial relations for SRS transmission across contiguous carriers
Proposal 4
· For bandwidth aggregation for SRS for positioning, the relationship to UL CA configuration should be discussed further, including the following:
· Dependency, if any, between configuration of UL CA and SRS for positioning bandwidth aggregation 
· Dependency, if any, between the CCs used for UL CA (if configured) and those used for bandwidth aggregation for SRS for positioning. 
Proposal 5
· Further discussion is needed on the configuration, activation and triggering mechanisms to enable SRS bandwidth aggregation, with the consideration of specification impact and signalling overhead. 
Proposal 6
· Send an LS to RAN4 soliciting feedback on the conditions for gNB and UE to maintain phase continuity and power consistency for DL PRS and SRS bandwidth aggregation, respectively, when considering presence of guard subcarriers between the CCs. 
· For SRS bandwidth aggregation, 
· UE needs to maintain phase continuity and power consistency for simultaneous SRS transmission,
· UE may not maintain phase continuity and power consistency when SRS transmission is dropped or cancelled in a carrier. 
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