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The study on RedCap positioning was concluded in the RAN1#111 meeting. Based on the agreements of the study, the following work item description was endorsed in RAN#98e [1] for normative work from the RedCap positioning perspective.  
					
· 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].


The work item phase of the redcap positioning commenced in the last meeting, RAN1#112 [2], following agreements made during the meeting.

	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.

Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
1. FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
1. FFS: the use of a single or multiple instances of a MGs
1. FFS: the use of PPW

Conclusion
The scope for RedCap positioning includes FR1 and FR2.

Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.
1. Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.

Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
1. FFS: whether there is specification update needed for RAN1
1. FFS: remaining details 

Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
1. Using a configuration separate from the existing BWP configuration
0. FFS: hopping is configured within a SRS resource or across SRS resources

Agreement
The draft LS in R1-2302126 is endorsed with the addition of the two agreements above. Final LS in R1-2302127.





This contribution provides views on physical layer measurements and signaling to support RedCap positioning in Rel-18 NR. 
Discussion
Hopping Pattern for RedCap UEs
Frequency hopping exploits the frequency diversity and increases the effective bandwidth of PRS to provide gains to the RedCap UEs operating at the limited bandwidth. The TRP transmits the PRS in limited bandwidth supported by the UE at different time instances. The UE performs the measurements by switching the carrier frequency at different time instances and gathers the complete channel bandwidth information. The UE stitches the channel information gathered at different time instances to make a virtual wideband channel to achieve higher positioning accuracy. 
The frequency hopping operation comes with challenges, such as the phase offset between the hops, the timing offset between the hops, and the UE speed. 
Observation 1: UE speed, phase offset, and time offset limit the gains of the frequency hopping operations. 
Proposal 1: The effects of the time and phase offset and the UE speed should be considered while designing the hopping patterns for the RedCap UE. 

The carrier switching between the frequency hops may not be ideal, which causes non-coherent transmission/reception at the RedCap UE. This non-coherent transmission/reception creates a phase offset between the measurements performed at different hops, which deteriorates the positioning accuracy. As shown in Fig 1 below, frequency hops with overlapping bandwidth help mitigate the phase offset effect between the frequency hops.
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Fig 1: PRS_rx/SRS_tx frequency hop with overlapping bandwidth
Observation 2: The effects of the phase offset between the frequency hops should be mitigated to get the gains of the frequency hopping operation.
Proposal 2: For UE-assisted Redcap positioning, bandwidth overlap between the adjacent frequency hops should be supported.
In the RAN1#112 meeting, different schemes to enable frequency hopping were discussed, but no agreement was made. We think the number of hops, measurement bandwidth, and bandwidth overlap are UE capabilities. 
Proposal 3: For RedCap positioning, the number of hops, measurement bandwidth per hop, and overlapping bandwidth are UE’s capabilities to be reported to LMF.  
Proposal 4: For RedCap positioning, the overlap of bandwidth between the adjacent hops is X PRB. The possible values of X are 1,2,4,8 PRB.
In our study, we found that if the frequency hopping measurements were performed beyond the channel coherence time, the positioning accuracy deteriorates significantly. As shown in Fig 4, if the virtual bandwidth is constructed using the measurements performed beyond the coherence time (shown in Fig 3), it will cause severe deterioration in the performance as compared to the virtual bandwidth constructed using the measurements done within the coherence time (as shown in Fig 2).
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Fig 2: Frequency hop with measurement performed within coherence time.
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Fig 3: Frequency hop with measurement performed beyond coherence time.
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Fig 4: Impact of coherence time on frequency hop measurement
Carrier frequency 3.5GHz, Virtual Bandwidth 100MHz, 
Number of hop 5, Overlap bandwidth 2 PRBs

Observation 3: If the measurement period (i.e., time taken to perform all the measurements) exceeds the channel coherence time, it will cause substantial deterioration in the positioning accuracy.
Proposal 5: The frequency hopping scheme used for RedCap positioning should ensure that all the measurements are performed within the coherence time window. 
Observation 4: The existing BWP switching mechanism may not be sufficient to accommodate the swift measurement constraints of frequency hopping measurements.
Proposal 6: To enable the frequency hopping scheme for RedCap positioning, a new set of resources should be defined, which ensures that all the measurements are performed within the coherence time window. 
Frequency hop in FDD mode operation
In frequency hopping for RedCap in FDD mode, the UE transmits/receives multiple narrow-band SRS/PRS. These SRS transmissions and PRS reception are hopped beyond the maximum operating bandwidth of the RedCap UE. These multiple narrow-band transmissions are scheduled on different time domain resources. In the case of FDD operation, it may happen that UE doesn’t transmit SRS, or receive PRS on one or more hops due to collision with a high-priority signal.
Proposal 7: A mechanism should be supported to avoid the collision of a high-priority signal with the UL SRS transmission and DL PRS reception for positioning purposes in the FDD mode.
Proposal 8: In frequency hopping for RedCap uplink positioning, the measurements are reported per hop, or a single measurement is reported after combining all the hops.
Conclusion
This paper provides the following observations and proposals:
Observation 1: UE speed, phase offset, and time offset limit the gains of the frequency hopping operations. 
Proposal 1: The effects of the time and phase offset and the UE speed should be considered while designing the hopping patterns for the RedCap UE.
Observation 2: The effects of the phase offset between the frequency hops should be mitigated to get the gains of the frequency hopping operation.
Proposal 2: For UE-assisted Redcap positioning, bandwidth overlap between the adjacent frequency hops should be supported.
Proposal 3: For RedCap positioning, the number of hops, measurement bandwidth per hop, and overlapping bandwidth are UE’s capabilities to be reported to LMF.  
Proposal 4: For RedCap positioning, the overlap of bandwidth between the adjacent hops is X PRB. The possible values of X are 1,2,4,8 PRB.
Observation 3: If the measurement period (i.e., time taken to perform all the measurements) exceeds the channel coherence time, it will cause substantial deterioration in the positioning accuracy.
Proposal 5: The frequency hopping scheme used for RedCap positioning should ensure that all the measurements are performed within the coherence time window. 
Observation 4: The existing BWP switching mechanism may not be sufficient to accommodate the swift measurement constraints of frequency hopping measurements.
Proposal 6: To enable the frequency hopping scheme for RedCap positioning, a new set of resources should be defined, which ensures that all the measurements are performed within the coherence time window. 
Proposal 7: A mechanism should be supported to avoid the collision of a high-priority signal with the UL SRS transmission and DL PRS reception for positioning purposes in the FDD mode.
Proposal 8: In frequency hopping for RedCap uplink positioning, the measurements are reported per hop, or a single measurement is reported after combining all the hops.
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