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1. Introduction
[bookmark: _GoBack]In RAN#98e meeting, a WID[1] on Expanded and Improved NR Positioning was approved for Rel-18 where items to specify bandwidth aggregation techniques and RedCap positioning are as follows:
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· 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).


In this contribution, we provide our views on the configuration of bandwidth aggregation and RedCap positioning from RAN2 perspective.
2. Discussion
2.1.  bandwidth aggregation
2.1.1.  DL-PRS aggregation 
For DL PRS bandwidth aggregation, as RAN4 has concluded that PRS from multiple PFLs (positioning frequency layers) should be transmitted in the same time from the same antenna, and the numerology of PFLs should be the same. From PRS configuration signaling perspective, LMF should explicitly inform UE which two or three PFLs are linked for aggregation. Then the detail should wait on RAN1’s further progress, e.g., whether the PRS resources and resource sets should be one-to-one mapping, which kind of parameters of the linked PRS resources or PRS resource sets should be the same, etc.
Proposal 1: Support new LPP signaling to link two or three PFLs for PRS bandwidth aggregation.
As for reporting the measurement results, when UE is configured with BW aggregated PRS via LPP assistance data, the following two options should be considered:
· Option 1: UE always measures the RSTD or UE Rx-Tx time difference based on the aggregated PFLs. 
· In such case, the existing measurement element report signaling can be completely reused. The report PRS resource set ID implies that UE measures PRS based on the report PRS resource set and the linked PRS resource set(s) from other PFLs of the same TRP, where the link association of aggregated PRS resources is configured by PRS assistance date. 
· Option 2: UE has flexibility to report RSTD or UE Rx-Tx time difference based on either single PFL or aggregated PFL
· In such case, the existing measurement element is not enough. UE needs to newly inform LMF whether a measurement element is based on a single PFL or aggregated PFLs. If three aggregated PFLs are configured, UE needs to further inform LMF whether/which one or two or three PFLs are used for measurement and report. 
Option 1 is simple without new signaling needed, but it is less flexible. For example, UE needs to transient into power saving mode for more importance purpose. As long as single PFL measurement can satisfy the location requirement sometimes, option 2 provides more freedom for UE. 
Proposal 2: For DL-TDOA and multi-RTT measurement report, when UE is configured with BW aggregated PRS via LPP assistance data, select one of the following two options:
· Option 1: UE always measures and reports the RSTD or UE Rx-Tx time difference based on the aggregated PFL. 
· Option 2: UE has flexibility to measure and report RSTD or UE Rx-Tx time difference based on either single PFL or aggregated PFLs.
2.1.2.  UL-SRS aggregation 
For UEs in RRC connected mode, SRS is configured per BWP based on the existing Rel-15/16/17 specifications. In Rel-18, for UE supporting SRS BW aggregation, gNB can configure the association between the linked carriers for SRS for positioning by RRC signaling. For example, one or more carrier lists for SRS BW aggregation can be configured by RRC signaling, where the linked SRS in different carriers should be transmitted in the same slot and the same symbol with the same numerology for SRS BW aggregation measurement. 
Proposal 3: To enable positioning SRS aggregation on two or three contiguous NUL carriers for UE in RRC connected mode, support new RRC signaling to link the two or three NUL carriers.
For UEs in RRC inactive mode, In Rel-17, semi-persistent and periodic SRS for positioning are supported for UE in RRC inactive mode. The positioning SRS configured by RRCRelease signaling, and the details are shown in following according to 38.331, where SRS configuration for NUL or SUL can be within or outside the initial BWP. For Rel-18, to support SRS carrier aggregation, an additional SRS configuration in a serving cell other than the one of initial BWP should be introduced and informed by RRCRelease signaling. Because intra-band contiguous carrier aggregation is only supported among NUL carriers, the newly introduced SRS configuration only for NUL is sufficient.
Proposal 4: To enable positioning SRS aggregation on two or three contiguous NUL carriers for UE in RRC inactive mode, support to introduce an additional SRS configuration in a serving cell other than the one of initial BWP in RRCRelease signaling.

2.2.  RedCap positioning 
RAN1#111[2] has confirmed to support frequency hopping of positioning RS:
	Agreement
Capture the following in the TR conclusions:
· From RAN1 perspective, for positioning of RedCap UEs, support of PRS frequency hopping and SRS frequency hopping is recommended for normative work.
· During the normative phase, the complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
Agreement
Capture the following in section 6.5.3 of the TR:
The following has been identified for potential specification impact of NR positioning for RedCap UEs:
· Maximum tolerable phase error, timing gap, and timing error between hops
· Considerations for IIoT, commercial, Public Safety and V2X scenarios, and UE capabilities
· Details on the Tx or Rx hopping pattern(s), including frequency overlapping between hops, if supported.



There are several candidate solutions of reference signal resource hopping, as listed as follows:
· Frequency hopping within one resource
· In this way, the frequency domain resource of one reference signal is divided into several parts, each part corresponds to a frequency hop, and several hops are shown in different symbols. In other words, the three hopping parts refer to different symbols of one RS resource.
[image: hopping 1]
Figure 1. Example of frequency hopping within one resource
· Frequency hopping within one resource set
· In this way, assuming that one reference signal resource set contains several reference signal resources, then different reference signal resources in the resource set may have different frequency range and correspond to different hops.
[image: hopping 2]
Figure 2. Example of frequency hopping within one resource set
· Frequency hopping between different CCs/BWPs/PFLs/resource sets 
· In this way, the several reference signal resources belonging to different CCs/BWPs/PFLs/resource sets can be associated to compose frequency hopping. One example is, different reference signal resources with the same ID in different CCs/BWPs/PFLs/resource sets correspond to different hops.
[image: hopping 3]
Figure 3. Example of frequency hopping between different CCs
Proposal 5: For RedCap UE, support RAN2 to consider the following candidate solutions of RS resource frequency hopping:
· Frequency hopping within one resource
· Frequency hopping within one resource set
· Frequency hopping between different CCs/BWPs/PFLs/resource sets 

3. Conclusion
In this section we provide the following proposals:
Proposal 1: Support new LPP signaling to link two or three PFLs for PRS bandwidth aggregation.
Proposal 2: For DL-TDOA and multi-RTT measurement report, when UE is configured with BW aggregated PRS via LPP assistance data, select one of the following two options:
· Option 1: UE always measures and reports the RSTD or UE Rx-Tx time difference based on the aggregated PFL. 
· Option 2: UE has flexibility to measure and report RSTD or UE Rx-Tx time difference based on either single PFL or aggregated PFLs.
Proposal 3: To enable positioning SRS aggregation on two or three contiguous NUL carriers for UE in RRC connected mode, support new RRC signaling to link the two or three NUL carriers.
Proposal 4: To enable positioning SRS aggregation on two or three contiguous NUL carriers for UE in RRC inactive mode, support to introduce an additional SRS configuration in a serving cell other than the one of initial BWP in RRCRelease signaling.
Proposal 5: For RedCap UE, support RAN2 to consider the following candidate solutions of RS resource frequency hopping:
· Frequency hopping within one resource
· Frequency hopping within one resource set
· Frequency hopping between different CCs/BWPs/PFLs/resource sets 
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