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1   Introduction
[bookmark: _Hlk127454600][bookmark: _Hlk127456419]One Rel-18 work item on expanded and improved NR positioning has been approved in RAN#98 [1], and its objective on reduced capability (RedCap) positioning, carrier phase positioning, and bandwidth aggregation for 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].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].

· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 

· 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 give our view on the possible LPP signaling on RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning from RAN2 part of view.
2   Discussion 	
2.1 RedCap positioning
RedCap is designed for NR IoT communication to support wearables (e.g. smart watches, wearable medical devices, AR/VR goggles, etc.), industrial wireless sensors and video surveillance, with the requirements of lower data rate than normal NR UEs but higher data rate than LTE-M and NB-IoT, and relatively relaxed latency requirements compared to URLLC as shown in Table 1. 
 
Table 1 Use cases and requirements of RedCap
	
	Data rate
	Latency
	Availability/reliability
	Battery lifetime
	Device size

	Wearables
	Reference data rate: 5-50 Mbps in downlink and 2-5 Mbps in uplink
	Relaxed
	-
	At least several days and up to 1-2 weeks
	Compact form factor

	Industrial wireless sensors
	< 2 Mbps
	< 100 ms
	99.99%
	At least a few years
	-

	Video surveillance
	2-4 Mbps for economic video and 7.5-25 Mbps for high-end video
	< 500 ms
	99%-99.9%
	-
	-



The agreed target positioning accuracy requirements for RedCap in Rel-18 to support these use cases with positioning functions are Error! Reference source not found.

	Agreement
· For the purpose of the Rel-18 study 
· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:
Indoor and outdoor
· Horizontal position accuracy (< 3 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs 
· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:
· Horizontal position accuracy (<1 m) for 90% of UEs 
· Vertical position accuracy (< 3 m) for 90% of UEs  
· Note: the requirements may not be met in all scenarios and use cases



To achieve these target positioning requirements for RedCap UEs, the recommended solutions from the corresponding SI in Rel-18 are partially overlapped DL PRS frequency hopping and partially overlapped UL SRS frequency hopping for DL-TDOA, UL-TDOA and multi-RTT. The partially overlapped DL PRS frequency hopping can be implemented via wideband PRS transmission with narrowband PRS frequency hopping reception. While regarding the partially overlapped UL SRS frequency hopping, narrowband SRS frequency hopping transmission at the UE side as well as corresponding reception at the network side will be expected.

[bookmark: _Ref127464515][bookmark: _Toc131706596]The current LPP Capability IE does not support UE to characterize the capabilities of RX frequency hopping on DL-PRS or TX frequency hopping on UL SRS.  
[bookmark: _Toc131706597]For UL SRS frequency hopping transmission, new or extended signaling to configure the UL SRS configuration are needed between LMF and UE, LMF and gNB, and between UE and gNB. 
There is no explicit frequency support for NB-IoT, however, narrowband PRS can be separately configured on multiple NB-IoT carriers, resulting in artificial frequency hopping.

[bookmark: _Toc131706600]RAN2 if IEs for NB-IoT can be taken as baseline of the potential signaling to support UE RX frequency hopping on DL-PRS and TX frequency hopping on UL SRS. FFS wait for RAN1 and RAN4 progress.

2.2 Carrier phase positioning
In RAN1 112 meeting, the carrier phase and DL carrier phase difference of DL reference signal and the carrier phase of UL reference signal and are defined.
	RAN1#112:
Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP
NR UL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
· FFS: the reference point of the UL RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: The support of MIMO SRS for positioning is transparent to UE
Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP

Agreement
To enable UE-based and UE-assisted NR carrier phase positioning (CPP), one or both of the following new measurements should be introduced:
· DL carrier phase (CP), which is obtained by a UE measuring the DL PRS signal(s) from a TRP.
· FFS: The detailed definition of the DL CP
· DL carrier phase difference (CPD), which is the difference of two DL CPs from two TRPs
· FFS: The detailed definition of the DL CPD
To enable NG-RAN node-assisted NR carrier phase positioning (CPP), the following new measurement should be introduced:
· UL carrier phase (CP), which is obtained by a TRP measuring the UL SRS for positioning or MIMO SRS from a UE.
· FFS: The detailed definition of the UL CP






[bookmark: _Toc131706598][bookmark: _Toc127277527]A new carrier phase IE needs to be defined for the measurement report in LPP, and the carrier phase of the first detected path shall be reported.
Joint positioning using carrier phase measurements and some other positioning method can simplify the integer ambiguity problem significantly if e.g., DL-TDOA can be employed to obtain a first coarse position estimate, for instance to reduce the search space of a multi-hypothesis integer resolution algorithm.
[bookmark: _Toc131706599]The existing positioning measurement reports often has a structure where the measurement is defined for a specific path. It will be natural to extend this structure to include the carrier phase of specific path.
[bookmark: _Toc131706601]Support to report DL-PRS carrier phase and/or DL-PRS carrier phase difference of the first detected path with DL-TDOA positioning method, FFS wait for RAN1 and RAN4 progress. 

2.3 Bandwidth aggregation for positioning
[bookmark: _Toc68614629][bookmark: _Toc68614630][bookmark: _Toc68614651]Based on Rel. 18 SI, bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both UE and gNB.
From RAN2’s perspective, UE’s capability in terms of bandwidth aggregation for positioning should be added. Besides to efficiently indicate DL-PRS that can be aggregated together in AD message should also be discussed.
[bookmark: _Toc131706602]RAN2 discuss the signalling of UE capability and mechanism to indicate DL-PRS that can be aggregated together in AD message in bandwidth aggregation for positioning, FFS wait for RAN1 and RAN4 progress. 

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The current LPP Capability IE does not support UE to characterize the capabilities of RX frequency hopping on DL-PRS or TX frequency hopping on UL SRS.
Observation 2	For UL SRS frequency hopping transmission, new or extended signaling to configure the UL SRS configuration are needed between LMF and UE, LMF and gNB, and between UE and gNB.
Observation 3	A new carrier phase IE needs to be defined for the measurement report in LPP, and the carrier phase of the first detected path shall be reported.
Observation 4	The existing positioning measurement reports often has a structure where the measurement is defined for a specific path. It will be natural to extend this structure to include the carrier phase of specific path.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 if IEs for NB-IoT can be taken as baseline of the potential signaling to support UE RX frequency hopping on DL-PRS and TX frequency hopping on UL SRS. FFS wait for RAN1 and RAN4 progress.
Proposal 2	Support to report DL-PRS carrier phase and/or DL-PRS carrier phase difference of the first detected path with DL-TDOA positioning method, FFS wait for RAN1 and RAN4 progress.
Proposal 3	RAN2 discuss the signalling of UE capability and mechanism to indicate DL-PRS that can be aggregated together in AD message in bandwidth aggregation for positioning, FFS wait for RAN1 and RAN4 progress.
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