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Introduction
The Rel-18 NR expanded and improved positioning WID was agreed upon during the RAN#98-e [1] meeting, where one of the objectives included the support of Redcap devices.
During the RAN1#112 [2] meeting, the following agreements were reached in relation to RedCap positioning:
	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
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· 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.
· 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.

R1-2302126	Draft LS on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs	Ericsson [to be RAN1]
Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 
Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· 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.



Further progress was made during the RAN1#112bis-e [3] meeting, with the following additional agreements on RedCap positioning.
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured (select one alternative):
· Alt 1: within one SRS for positioning resource
· Alt 2: across resources, within one SRS for positioning resource set
· Alt 3: across resource sets, with all resources in a set corresponding to the same hop sub-bandwidth
Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.
Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.
Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together
Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.
Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 



This contribution provides a further discussion into the support of frequency hopping for DL PRS reception and UL SRS transmission.
RedCap Device positioning 
The Redcap positioning target requirement has been evaluated as follows [2]:
For commercial use cases for both indoor and outdoor scenarios
· Horizontal positioning accuracy: (< 3 m) for 90% of Ues
· Vertical positioning accuracy: (< 3 m) for 90% of UEs.
For IIoT use cases:
· Horizontal positioning accuracy: (< 1 m) for 90% of Ues
· Vertical positioning accuracy: (< 3 m) for 90% of UEs.

Furthermore, the RAT-dependent positioning techniques supported in NR are summarized as follows:
· Timing-based positioning methods 
· DL-TDoA 
· Multi-RTT 
· UL-TDoA
· Angular-based positioning methods
· DL-AoD
· UL-AoA

The Redcap positioning performance evaluation considered Rx hopping of DL PRS, Tx hooping of UL SRS to evaluate DL-TDoA and UL-TDoA respectively. Moreover, the evaluation results for Rx hopping included phase offset between hops, with phase compensation, without phase compensation and minimum time gap between hops. Since the evaluation results are mostly with timing-based methods. In Rel-18 Redcap positioning, timing-based positioning technique can be prioritized compared to angular based methods 
Proposal 1: Prioritize timing-based positioning techniques such as TDoA, RTT for Redcap positioning. 

Implementing phase offset compensation is up to each UE receiver, hence a UE can decide whether to combine hops if the phase offset is within a certain threshold and thereafter choose to apply phase compensation or not, depending on whether it is above a threshold, may be up to UE implementation. 

Proposal 2: Phase offset compensation for RedCap positioning should be left to UE implementation. 

Since the study concluded that the Rx frequency hopping for DL-PRS and Tx frequency hopping for UL-SRS is beneficial for DL-TDOA and UL-TDOA positioning techniques to meet the Redcap target requirement, then the specification work should restrict the frequency hopping only to timing based positioning techniques such as TDoA.  The coherent combining across different frequency hops improves RedCap positioning accuracy, given the inherent bandwidth limitation. The phase needs to be estimated and corrected before coherent combining which may be up to the UE implementation. 

Minimum timing gap between hops affect the overall positioning accuracy and hence it should be configured within 4ms which includes potential time to synchronize the RF chain. Also the complexity and capability of RedCap UEs to store the number of time domain DL-PRS sample across different hops to perform wideband measurement should be specified. Additionally, the impact of RF tuning arising during the measurement gap is a well-known issue and hence the UE needs to store DL-PRS samples from one frequency hop prior to RF switching to another sub-band within one measurement gap and the stored DL-PRS samples would need to be coherently combined at the end of the measurement. The time taken to perform RF tuning will have an impact on the number of Rx positioning frequency hops which can be performed by the UE.  
Furthermore, the (N,T) processing capability for DL-PRS may vary for RedCap devices when compared to standard UE due to the lower hardware complexity.
Proposal 3: Specify the timing gap resulting from the PRS reception of different frequency hops.
Proposal 4: Specify the configuration and related capabilities associated to the number of Rx hops to combine and number of DL-PRS samples across different hops to be stored for coherent Rx combining to achieve wideband DL-PRS measurement for RedCap devices.    

Proposal 5: Support Redcap PRS processing capabilities corresponding to different (N,T) values with reduced bandwidths e.g., 20MHz for FR1 and 100MHz for FR2 including a reduced Rx antenna/RF chain of a single antenna.
Conclusions
The proposals are summarized as follows:
Proposal 1: Prioritize timing-based positioning techniques such as TDoA, RTT for Redcap positioning. 

Proposal 2: Phase offset compensation for RedCap positioning should be left to UE implementation. 
Proposal 3: Specify the timing gap resulting from the PRS reception of different frequency hops. 


Proposal 4: Specify the configuration and related capabilities associated to the number of Rx hops to combine and number of DL-PRS samples across different hops to be stored for coherent Rx combining to achieve wideband DL-PRS measurement for RedCap devices.   

Proposal 5: Support Redcap PRS processing capabilities corresponding to different (N,T) values with reduced bandwidths e.g., 20MHz for FR1 and 100MHz for FR2 including a reduced Rx antenna/RF chain of a single antenna.
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