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[bookmark: _Ref513464071]Introduction
In RAN#94-e, the contents of SID for Rel. 18 were agreed [1]. It was agreed to study positioning of RedCap UE. The descriptions in the SID are as follows.
	· 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]


In this contribution, we discuss and demonstrate evaluation assumptions and initial evaluation result for positioning of RedCap UEs.
[bookmark: _Hlk101726869]Evaluation assumptions for DL positioning techniques
Accuracy evaluation for RedCap UE positioning
During Rel. 17, IIoT scenarios were investigated and horizontal accuracy of less than 0.2m was set as the target accuracy for IIoT applications, as shown in TR 38.857 [2]. In the Rel. 18 study item, UEs with reduced capabilities, such as reduced bandwidth, are included as the UEs to be located.
In TR 38.875, various performance evaluations of RedCap UEs with reduced capabilities, including reduced bandwidth, were considered and evaluated. For positioning, the effect of reduced bandwidth on positioning accuracy needs to be investigated for both commercial and IIoT applications. Due to reduced bandwidth, resolution in the time domain or effective RSRP is expected to decrease, which may potentially degrade positioning performance for both timing based and angle-based DL positioning techniques.
Observation 1: The effect of reduced bandwidth for RedCap UEs should be investigated for both commercial and IIoT applications
For the SLS performance evaluation, we propose to use the evaluation assumptions used in TR 38.875 as the starting point. At least for DL bandwidth, the assumptions used in TR 38.875, i.e., 20MHz for FR1 and 50MHz or 100MHz for FR2, should be implemented for positioning accuracy evaluations.
Proposal 1: For system parameters for SLS evaluation of positioning accuracy, use the evaluation assumptions in TR 38.875 as the baseline
Proposal 2: For DL-based positioning methods, use 20MHz for FR1 and 50MHz or 100MHz for FR2 for PRS bandwidth.
In addition, the bandwidth for the reference UE should be the same as the one used in TR 38.875, i.e., 100MHz and 400MHz for FR1 and FR2, respectively. The proposed simulation assumptions for RedCap UE for IIoT scenarios are shown below.
[bookmark: _Ref102078424]Table 1: Proposed positioning accuracy evaluation assumptions for IIoT scenarios for RedCap UEs with reduced bandwidth for FR1 and FR2
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz
	28GHz

	Bandwidth, MHz
	20 MHz
	50, 100 MHz

	Subcarrier spacing, kHz
	30kHz for 20 MHz (51 PRBs)
15kHz for 20 MHz (106 PRBs)
	50 MHz (32 PRBs, 120 kHz SCS) or 
100 MHz (66 PRBs, 120 kHz SCS)

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Baseline:
Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU


	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855


For accuracy performance target, both commercial targets and IIoT targets should be used as the target.
Proposal 3: For horizontal and vertical accuracy, reuse Rel. 17 targets (less than 1m and 0.2m for commercial and IIoT applications for horizontal accuracy and less than 3m and 1m for commercial and IIoT applications for vertical accuracy)
Latency evaluation for RedCap UE positioning
Another aspect that should be considered is the PRS processing window. It should be clarified whether any of the reduced UE capabilities considered in Rel. 17 affects the operation on the PRS processing window. For example, reduced UE processing time may affect the duration of PRS processing window. Whether such limitation can effect UE processing of measurements when PRS is indicated as high priority compared to other channels should be studied.
Proposal 4: Study the effect of reduced UE processing time on the operation of the PRS processing window
Finally, whether the reduced UE BW affects the latency needs to be studied. For example, RedCap UE needs to measure PRS longer than the Normal UE to achieve the same target accuracy,
Proposal 5: Study the effect of reduced UE bandwidth on latency for positioning
Evaluation assumptions for DL-based positioning techniques with reduced bandwidth and potential enhancements
Accuracy performance results
In this section, 3D accuracy evaluation results for DL-AoD for Normal and RedCap UEs are shown. Simulation assumptions shown in Table 1. In Table 2 and Figure 1, CDF performance of the positioning accuracy performances for RedCap and Normal UE are summarized. In the evaluation, system parameters for IIoT scenario in [2] and SH (Sparse clutter and High BS) deployment are assumed. 
From the table and figure, it is clear that due to reduced BW of RedCap UE, the effective RSRP is reduced. As the result, incorrect beams were selected by the UE, which leads to degradation in accuracy performance for angle-based positioning methods. From the evaluation result, the following observation is made : 
Observation 2: In FR2, for DL-AoD, reduced BW from 400MHz to 100MHz leads to nearly 1m accuracy loss at CDF of 90% ile.
 [image: ]
[bookmark: _Ref102078727]Figure 1 Performance comparison of RedCap UE vs. Normal UE using DL-AoD
[bookmark: _Ref102078600]Table 2 : 3D accuracy performance comparison of DL-AoD for Normal and RedCap UE positioning (FR2)
	Positioning Method
	3D Positioning accuracy (meter)

	
	50% ile
	67% ile
	80% ile
	90% ile

	DL-TDOA, InF-SH, 400 MHz (Normal UE) bandwidth

	1.0837
	1.5062
	1.9023
	3.1969

	DL-TDOA, InF-SH, 100 MHz bandwidth (RedCap)

	1.5459
	2.4895
	3.5164
	4.3414


Potential enhancements
To improve the performance of positioning methods for reduced BW, one potential solution may be to investigate frequency hopping for DL-PRS so that the RedCap UE can make measurements on PRS at reduced BW. Frequency hopping patterns, configurations or signaling details can be discussed.
Proposal 6 : Study enhancements related to frequency hopping for DL-PRS, at least for DL-AoD, to improve positioning accuracy for RedCap UEs
Conclusion.
In this contribution, the following proposals and observation are made.
Observation 1: The effect of reduced bandwidth for RedCap UEs should be investigated for both commercial and IIoT applications
Observation 2: In FR2, for DL-AoD, reduced BW from 400MHz to 100MHz leads to nearly 1m accuracy loss at CDF of 90% ile.
Proposal 1: For system parameters for SLS evaluation of positioning accuracy, use the evaluation assumptions in TR 38.875 as the baseline
Proposal 2: For DL-based positioning methods, use 20MHz for FR1 and 50MHz or 100MHz for FR2 for PRS bandwidth.
Proposal 3: For horizontal and vertical accuracy, reuse Rel. 17 targets (less than 1m and 0.2m for commercial and IIoT applications for horizontal accuracy and less than 3m and 1m for commercial and IIoT applications for vertical accuracy)
Proposal 4: Study the effect of reduced UE processing time on the operation of the PRS processing window
Proposal 5: Study the effect of reduced UE bandwidth on latency for positioning
Proposal 6 : Study enhancements related to frequency hopping for DL-PRS, at least for DL-AoD, to improve positioning accuracy for RedCap UEs
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