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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives included the support of positioning for RedCap devices. The following highlighted SID objectives were outlined to support the discussion:
	RedCap Positioning:
· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs[RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]



This contribution provides a discussion into the evaluation assumptions as well as potential issues that need to be considered when  supporting RedCap devices.
RedCap Device Characteristics
The RedCap features specified in NR Rel-17 defines reduced capability NR devices from Rel-16 to serve the needs of different use cases such as wearables, video surveillance etc., The lower cost of the RedCap devices is attributed to the small form factors of the devices, which include a reduced number of Rx antennas, RF chains, half duplex etc., while the power saving for RedCap devices is achieved using reduced PDCCH monitoring occasions, bandwidth reduction, MIMO layers, modulation order etc.  Table 1 is a summary of the comparative characteristics between Rel-16 and Rel-17 devices. 

[bookmark: _Ref102030686]Table 1: Characteristics of Rel-16 eMBB and Rel-17 RedCap devices 
	
	FR1 devices
	FR2 devices

	
	Rel-16 eMBB
	Rel-17 RedCap 
	Rel-16 eMBB
	Rel-17 RedCap

	Bandwidth 
	100 MHz
	20 MHz
	400 MHz
	100 MHz

	Rx RF chain and MIMO layers
	4
	1 or 2
	2
	1

	Modulation order (DL)
	256 QAM
	64QAM
	64QAM
	16QAM

	Duplex operation 
	FD-FDD, TDD
	HD-FDD, TDD
	TDD
	TDD



Other features also consisted of a relaxed processing time and relaxed maximum number of MIMO layers. Additionally, complexity reduction was also studied in terms of different combinations of the aforementioned features.

There may be impacts to the coverage of RedCap devices due to small form factors and lower cost of devices and according to the study in [2], coverage recovery schemes can vary depending on the type of deployment, e.g., FR1 or FR2, 1 or 2 Rx branches, type of DL channels, e.g., DL RACH messages.  The link budget reduction due to the limitation of the Rx antennas is compensated by time domain repetition which has been defined already from NR Rel-16 onwards with techniques such as slot-based repetition and non-slot based repetition.  

Observation 1: Redcap UEs are designed with the aim of lowering device cost through reduced complexity. 
Requirements & Evaluation
It has been well established that high accuracy positioning requirements defined in NR Rel-16 and NR Rel-17 requires larger bandwidths which is offered by FR1 (e.g., 100 MHz) and FR2 (e.g., 400 MHz) deployments, which enable wider bandwidth and beamformed PRS/SRS transmission in order to further increase the positioning accuracy. 
The RAT-dependent positioning techniques supported in NR are summarized as follows:
· Timing-based positioning methods 
· DL-TDoA 
· Multi-RTT 
· Angular-based positioning methods
· DL-AoD
· UL-AoA
The positioning performance evaluation should also consider the above-mentioned positioning techniques for RedCap devices as the performance may vary depending on the considered UE complexity reduction features employed.  

The limitation in the bandwidth for the RedCap devices inherently reduces the positioning accuracy as shown in Figure 1 (as also evaluated in [3]) and therefore a first step would be to study and define the target positioning accuracy requirements based on the deployment of RedCap devices in indoor and outdoor scenarios. Furthermore, the vertical and horizontal positioning accuracy requirements for such use cases such as wireless sensor network, video surveillance, drone etc., should be considered along with the availability of the positioning service. 
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[bookmark: _Toc102084194]Figure 1: CDF plot showing horizontal positioning accuracy for different PRS bandwidths (UMa, ISD =500 m, FR1, comb-6, 30KHz SCS using TDoA using 1 Rx antenna) [3]

Observation 2: Significant degradation in the accuracy of the positioning is seen for 20 MHz PRS bandwidth using 1 Rx antenna in outdoor scenarios.
 
Proposal 1: RAN1 needs to define the potential indoor and outdoor use cases and positioning requirements for RedCap positioning. 

Proposal 2: RAN1 needs to study at least the vertical and horizontal positioning accuracy and availability requirements for the RedCap devices considering indoor and outdoor deployments. 

In Rel-17, end-to-end latency was also considered as an important positioning requirement. Since the bandwidth of the RedCap devices are limited techniques such as the aggregation of PRS resources in the time domain within the same carrier may be considered. This may impact the latency of the PRS acquisition, buffering capability and related positioning procedures which is needed to achieve a higher accuracy, hence the end-to-end latency of the positioning calculation and reporting requirement for such RedCap devices needs to be also considered. Such end-to-end latency requirements need not be as stringent as Rel-17 and should be much relaxed. 

Proposal 3: Study the end-to-end positioning latency requirements for RedCap devices.

The subset of positioning reference signal length, LPRS {2,4, 6, 12}, comb size, Kcomb {2, 4, 6, 12} and such combination containing  is one of {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12}; defined in NR Rel-16 should be taken as a baseline for RedCap positioning evaluation while considering reduced Rx RF chain of 1 or 2 and associated bandwidths for the FR1 and FR2 link budget evaluation. The longer PRS length such 12 symbols maybe beneficial for the evaluation criteria in terms of coverage and accuracy improvement compared to the shorter PRS length which was primarily defined for shorter latency. 

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 4: Evaluate RedCap positioning performance with reduced bandwidths e.g., 20MHz for FR1 and 100MHz for FR2 including a reduced Rx antenna/RF chain of 1 for link budget evaluation.  

Proposal 5: Evaluate and study the positioning performance of RedCap devices with longer PRS symbol lengths, e.g., 12 to support RedCap devices.
Conclusion
The following observations are summarized as follows:
Observation 1: Redcap UEs are designed with the aim of lowering device cost through reduced complexity.
Observation 2: Significant degradation in the accuracy of the positioning is seen for 20 MHz PRS bandwidth in outdoor scenarios.

The proposals are summarized as follows:
Proposal 1: RAN1 needs to define the potential indoor and outdoor use cases and positioning requirements for RedCap positioning. 

Proposal 2: RAN1 needs to study at least the vertical and horizontal positioning accuracy and availability requirements for the RedCap devices considering indoor and outdoor deployments.

Proposal 3: Study the end-to-end latency requirements for the RedCap devices.

Proposal 4: Evaluate RedCap positioning with reduced bandwidths e.g., 20MHz for FR1 and 100MHz for FR2 with reduced Rx antenna/RF chain of 1 for link budget evaluation.  

Proposal 5: Evaluate and study the positioning performance of RedCap devices with longer PRS symbol lengths, e.g., 12 to support RedCap devices.
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