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[bookmark: _Ref513464071]Introduction
In RAN1e109e, the following agreements were made [1]. The agreement detailing simulation assumptions is omitted for the sake of brevity.
	Agreement
For evaluation of RedCap UE positioning performances, all RAT based positioning methods can be considered. Sources should detail the chosen method(s) when presenting performance evaluations.

Agreement
For the evaluation of RedCap positioning, the following bandwidth can be evaluated:
· FR1: 20MHz baseline, 5MHz optional
· FR2: 100MHz

Agreement
The following scenarios are evaluated for positioning performance of Redcap
· Baseline: (Case 1): Umi street canyon, as described in Table 6.1-1-4 of 38.855
· Optional outdoor: 
· (Case 2): Uma, as described in Table 6.1-1-6 of 38.855
· (Case 3): Rma (FFS details of the scenario)
· Baseline: (Case 4): InF-SH as described in Table 6.1-1 of 38.857
· Optional indoor: (Case 5) Indoor Open Office, as described in Table 6.1-1-3 of 38.855
· Optional indoor: (Case 6) InF-DH as described in Table 6.1-1 of 38.857

Agreement
The FR2 UE antenna configuration is as follow:
·  (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) as minimum antenna configuration (baseline)
·  (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1) as optional configuration. 

Agreement
The evaluation methodology for RedCap UEs positioning performance uses DL PRS and/or UL SRS for positioning.
· The methodology does not define any baseline reference signal configuration. Sources should detail the chosen configuration of reference signal(s) when presenting performance evaluations. 

Agreement
For evaluation of positioning performance of redcap UEs in 700MHz band, the gNB antenna model is:
· gNB antenna configuration from TR38.830, (M,N,P,Mg,Ng) = (4,2,2,1,1), (dH, dV) = (0.5, 0.8)λ

[bookmark: _Hlk104076041][bookmark: _Hlk104076125]Agreement
Use 2Rx and 1Tx for baseline number of UE branches in FR2 in the UE antenna configuration table for RedCap UEs evaluation.
· FFS: optional configurations for number of UE branches in FR2.



In this contribution, evaluation assumptions are discussed and initial evaluation results for positioning of RedCap UEs are shown. In addition, potential enhancements are described in the contribution.
[bookmark: _Hlk101726869]Evaluation assumptions for DL positioning techniques
Evaluation results
In this section, horizontal accuracy results for RedCap UEs in different scenarios are compared against normal UEs. For baseline simulations, InF-SH scenario as described in Table 6.1-1 of 38.857 is used. Common scenario parameters for evaluation of RedCap UE positioning, as agreed in RAN1#109e [1] are presented in Table A1 and antenna configuration of RedCap UE is described in Table A2. It should be noted that no enhancements, such as LOS/NLOS indication, are implemented in positioning methods.
In this contribution, positioning accuracy of positioning methods are evaluated with the following parameters:  
· DL-TDOA 
· FR1: 20MHz (RedCap UE) vs. 100 MHz (Normal UE)
· FR2 : 100MHz (RedCap UE) vs. 400 MHz (Normal UE)
· Network synchronization error(T1=50 ns) for FR1 & FR2
· DL-AoD 
· FR2 : 100MHz (RedCap UE) vs. 400 MHz (Normal UE)

[bookmark: _Ref102078600]In Table 1 through Table 5, positioning accuracy performances for RedCap UEs and normal UEs are summarized. 
[bookmark: _Ref111120962]Table 1 : Horizontal accuracy performance comparison of DL-TDoA for Normal and RedCap UE positioning (FR1, network synchronization error – T1=0)
	Simulation Case
	Horizontal Positioning accuracy (meter)

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

	DL-TDOA, InF-SH, 100 MHz (Normal UE) bandwidth

	0.8875    
	1.1653    
	1.9798    
	2.5951

	[bookmark: _Hlk110931332]DL-TDOA, InF-SH, 20 MHz bandwidth (RedCap)

	2.8189    
	3.5453    
	4.2597    
	6.0399


In FR1, it is clear from Table 1 that up to 3.44 meters of performance degradation is observed when the bandwidth is reduced from 100MHz to 20MHz. The degradation in the accuracy performance is due to loss of resolution due to the reduced bandwidth.
Observation 1: In FR1, for DL-TDOA, reduced BW from 100 MHz to 20 MHz leads to ~ 3.44 m accuracy loss for 90%ile UEs. 
It is clear from Table 2 that up to 0.76 meters of performance degradation is observed when the bandwidth is reduced from 400MHz to 100MHz in FR2. It is also noticeable that larger degradation in performance due to reduced bandwidth is observed in FR1, compared to FR2.
[bookmark: _Ref111121061]Table 2 : Horizontal accuracy performance comparison of DL-TDoA for Normal and RedCap UE positioning (FR2, network synchronization error - T1=0)
	Simulation Case
	Horizontal Positioning accuracy (meter)

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

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

	0.9919    
	1.3689    
	2.0896    
	3.0153

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

	1.0508    
	1.7576    
	2.4577    
	3.7701



Observation 2: In FR2, for DL-TDOA, reduced BW from 100 MHz to 20 MHz leads to ~0.76 m accuracy loss for 90%ile UEs. 
Observation 3: Positioning accuracy loss (compared to Normal UE) for RedCap UE is higher in FR1 compared to FR2. 
In Table 3 and Table 4, accuracy performances in the presence of the network synchronization error are shown. From the results, it is clear that the presence of synchronization error degrade the performance for the Normal and RedCap UE. 
[bookmark: _Ref111121148]Table 3  Horizontal accuracy performance comparison of DL-TDoA for Normal and RedCap UE positioning (FR1, network synchronization error - T1=50 ns)
	Simulation Case
	Horizontal Positioning accuracy (meter)

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

	DL-TDOA, InF-SH, 100 MHz (Normal UE) bandwidth

	4.9102    
	5.9709    
	7.7856    
	8.9871

	DL-TDOA, InF-SH, 20 MHz bandwidth (RedCap)

	5.4581    
	6.6594    
	7.8307    
	9.9943



[bookmark: _Ref111121150]Table 4 : Horizontal accuracy performance comparison of DL-TDoA for Normal and RedCap UE positioning (FR2, network synchronization error - T1=50 ns)
	Simulation Case
	Horizontal Positioning accuracy (meter)

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

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

	5.1599    
	6.3251    
	8.1209    
	8.8578

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

	5.2686    
	6.4427    
	8.0000    
	9.1614


Observation 4: In FR1 and FR2, enabling network synchronization error (T1=50 ns), positioning accuracy of DL-TDOA degrades about 1m and 0.3m for FR1 and FR2, respectively 
[bookmark: _Ref111187795]Table 5: Horizontal accuracy performance comparison of DL-AoD for Normal and RedCap UE positioning (FR2)
	Simulation Case
	Horizontal Positioning accuracy (meter)

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

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

	1.0844    
	1.5179    
	1.9696    
	3.3199

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

	1.5471    
	2.4087    
	3.5566   
	4.7335


Observation 5: In FR2, for DL-AoD, reduced BW from 400MHz to 100MHz leads to nearly 1.4 m accuracy loss at CDF of 90% ile.
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. The following proposal is made.
Proposal 1: Study enhancements related to frequency hopping for DL-PRS to improve positioning accuracy for RedCap UEs
Conclusion.
In this contribution, the following proposals and observation are made.
Observation 1: In FR1, for DL-TDOA, reduced BW from 100 MHz to 20 MHz leads to ~ 3.44 m accuracy loss for 90%ile UEs. 
Observation 2: In FR2, for DL-TDOA, reduced BW from 100 MHz to 20 MHz leads to ~0.76 m accuracy loss for 90%ile UEs. 
Observation 3: Positioning accuracy loss (compared to Normal UE) for RedCap UE is higher in FR1 compared to FR2. 
Observation 4: In FR1 and FR2, enabling network synchronization error (T1=50 ns), positioning accuracy of DL-TDOA degrades about 1m and 0.3m for FR1 and FR2, respectively 
Observation 5: In FR2, for DL-AoD, reduced BW from 400MHz to 100MHz leads to nearly 1.4 m accuracy loss at CDF of 90% ile.
Proposal 1: Study enhancements related to frequency hopping for DL-PRS to improve positioning accuracy for RedCap UEs
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Appendix
Table A1: Common scenario parameters applicable for all scenarios for Redcap UEs evaluations
	
	FR1
	FR2

	Carrier frequency, GHz 
	3.5GHz 
	28GHz 

	Bandwidth, MHz
	1) 20 MHz
2) 5 MHz
	400 MHz

	Subcarrier spacing, kHz
	30KHz
	120kHz

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

	UE horizontal drop procedure
	Uniformly distributed within the convex hull of the horizontal BS deployment.

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1: 0ns (perfectly synchronized), 50ns (Optional)

	Note 1: 	According to TR 38.802



Table A2: RedCap UE antenna model 
	
	FR1
	FR2

	UE model parameters 
	
	

	UE antenna configuration
	Panel model 1 – Note 1
dH = 0.5λ,
for 1Rx UEs: (M, N, P, Mg, Ng) = (1, 1, 1, 1, 1)

	· (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) as minimum antenna configuration (baseline)


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



