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[bookmark: _Ref513464071]Introduction
In RAN1-110b-e, the following agreements were made [1]. 
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values

Agreement
Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.

Agreement
Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.

Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded



In this contribution, potential enhancements for RedCap UE positioning and evaluation results for frequency hopping enhancements for positioning of RedCap UEs are shown.
[bookmark: _Hlk101726869]Potential enhancements and potential specification impacts
In RAN1#110be, the agreements related to the study of specification impacts for frequency hopping were made. To improve the performance of positioning methods for reduced BW, one potential solution is 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 during the study item phase. The following proposal is made.
Proposal 1: At least frequency hopping pattern for Tx hopping for PRS transmission should be signaled to the UE from the LMF
In this contribution, frequency hopping with the following hop pattern is considered. In the evaluation, 2-hop pattern is considered where each hopping bandwidth is not overlapping. 

 
Figure 1 An illustration of frequency hopping (FH) pattern
Evaluation assumptions and results
In this section, horizontal accuracy results of frequency hopping for RedCap UEs under ideal conditions and random phased offset between hops are shown. All common scenario parameters for evaluations agreed are described in Table A1 and antenna configuration of RedCap UE is presented in Table A2. In this contribution, we evaluate positioning accuracy of RedCap UEs with the following parameters: 
· Frequency range: FR1
· Bandwidth: 20 MHz
· Positioning technique: DL-TDOA
· Enhancement: frequency hopping
· Number of hops: 2

Simulation results are presented in Table 1. In RAN1#110b-e, we presented simulation results for RedCap UEs without and with frequency hopping under ideal conditions [2] (Case 1 & 2 respectively). To analyse the impact of random phase offset between hops without any phase compensation scheme, we carried out additional simulation and listed the results in Table 1(Case 3).   
Table 1: Horizontal accuracy performance comparison for RedCap UE positioning 
	Simulation Case
	Horizontal Positioning accuracy (meter)

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

	[bookmark: _Hlk110931332](1) DL-TDOA, InF-SH, 20 MHz bandwidth (RedCap), no freq hopping, ideal 
	1.2968
	1.6847
	2.5333
	4.15

	(2) DL-TDOA, InF-SH, 20 MHz bandwidth (RedCap), frequency hopping over 2 hops, ideal
	1.0280
	1.6992
	2.5045
	2.9372

	(3) DL-TDOA, InF-SH, 20 MHz bandwidth (RedCap), frequency hopping over 2 hops, random phase offset between hops in range of [-180°,180°] (without any phase compensation)
	1.4773 
	1.8662
	2.4332
	3.8311



Based on the results presented in Table 1, we make the following observations: 
Observation 1: In FR1, for 20 MHz bandwidth without frequency hopping, RedCap UE positioning cannot meet horizontal accuracy requirements. (Simulation Case 1)  
Observation 2: In FR1, for 20 MHz bandwidth with frequency hopping and random phase offset modelled between hops without any phase offset compensation scheme applied, RedCap UE positioning cannot meet horizontal accuracy requirements. (Simulation Case 3)  
Observation 3: In FR1, frequency hopping improves positioning accuracy performance compared to no frequency hopping. 
In addition, evaluation details are described in Table 1, in the format agreed in RAN1#110.
[bookmark: _Ref115354127]Table 2 Evaluation scenarios and parameters template
	Parameter
	FR1

	Scenario (baseline, otherwise state any modifications)
	Baseline IIoT

	Carrier frequency
	3.5 GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	 20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	PRS, comb-2, 2-symbol

	Reference signal
(type of sequence, number of ports, …)
	PN base sequence, 1 port

	Number of sites
	18

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	0 dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Correlation based

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Chan’s algorithm

	Network synchronization assumptions
	No synchronization error

	UE/gNB RX and TX timing error
	No timing error

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Not Applied

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No precoding

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

	Number of UE branches
	1

	Description of enhancement solutions, if any
	Frequency hopping, 2 hops, non-overlapping bandwidth

	gNB antenna configuration 
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ

	UE noise figure  
	              9 dB

	UE antenna height
	1.5 m

	gNB antenna height
	8 m 

	Additional notes, if any
	




The following proposal is made. 
Proposal 2: Capture the evaluation results and assumptions shown in Table 1 in TR 38.859.
Conclusion.
In this contribution, the following proposals and observations are made.
Observation 1: In FR1, for 20 MHz bandwidth without frequency hopping, RedCap UE positioning cannot meet horizontal accuracy requirements. (Simulation Case 1)  
Observation 2: In FR1, for 20 MHz bandwidth with frequency hopping and random phase offset modelled between hops without any phase offset compensation scheme applied, RedCap UE positioning cannot meet horizontal accuracy requirements. (Simulation Case 3)  
Observation 3: In FR1, frequency hopping improves positioning accuracy performance compared to no frequency hopping. 
Proposal 1: At least frequency hopping pattern for Tx hopping for PRS transmission should be signaled to the UE from the LMF
Proposal 2: Capture the evaluation results and assumptions shown in Table 1 in TR 38.859.
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Appendix
Table A1: Common scenario parameters applicable for all scenarios for Redcap UEs evaluations
	
	FR1

	Carrier frequency, GHz 
	3.5GHz 

	Bandwidth, MHz
	20 MHz

	Subcarrier spacing, kHz
	30KHz

	gNB model parameters 
	

	gNB noise figure, dB
	5dB

	UE model parameters 
	

	UE noise figure, dB
	9dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1

	UE antenna radiation pattern 
	Omni, 0dBi

	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)

	Note 1: 	According to TR 38.802



Table A2: RedCap UE antenna model 
	
	FR1

	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)


	UE antenna radiation pattern 
	Omni, 0dBi
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