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[bookmark: _Ref521334010]Introduction
RAN1 started the discussion of Redcap UEs positioning techniques in RAN1#109-e meeting, the following agreements for the evaluation scenarios and general parameters for Redcap UEs positioning were made [1].

	Agreement
For evaluation of positioning performance of redcap UEs, adopt the general parameters are detailed in the table below
· TBD parameters are discussed separately 
Table 6-1: Common scenario parameters applicable for all scenarios for Redcap UEs evaluations
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz, 700MHz (optional) Note 1
	28GHz Note 1

	Bandwidth, MHz
	TBD
	TBD

	Subcarrier spacing, kHz
	30KHz, 15KHz (for 700MHz carriers)
	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

	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)

	UE/gNB RX and TX timing error
	(Optional) The UE/gNB RX and TX timing error, in FR1/FR2, can be modeled as a truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1:
-	T1: X ns for gNB and Y ns for UE
-	X and Y are up to sources  
-	Note: RX and TX timing errors are generated per panel independently

Apply the timing errors as follows: 
-	For each UE drop, 
-	For each panel (in case of multiple panels)
-	Draw a random sample for the Tx error according to [-2*Y,2*Y] and another random sample for the Rx error according to the same [-2*Y,2*Y] distribution. 
-	For each gNB 
-	For each panel (in case of multiple panels)
-	Draw a random sample for the Tx error according to [-2*X,2*X] and another random sample for the Rx error according to the same [-2*X,2*X] distribution. 
-	Any additional Time varying aspects of the timing errors, if simulated, can be left up to each company to report.
-	For UE evaluation assumptions in FR2, it is assumed that the UE can receive or transmit at most from one panel at a time with a panel activation delay of 0ms.

	Note 1: 	According to TR 38.802
Note 2: 	According to TR 38.901



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

Agreement
Adopt the following table for the UE model parameters
	
	FR1 Specific Values
	FR2 Specific Values 

	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)

for 2Rx UEs: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)
	· (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. 


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

	Number of UE   branches
	Baseline: 1Rx 1Tx
Optional: 2Rx 1 Tx
	TBD

	Note 1: According to 3GPP TR 38.802



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

[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, we further discuss Redcap UEs positioning techniques and provide the initial evaluation results with bandwidth of 20MHz in FR1 and bandwidth of 100MHz in FR2.

Requirements for RedCap UEs positioning 
The target horizontal positioning requirements defined for Rel-17 were < 1 meter (90% of UEs) for commercial use cases and < 0.2 meter (90% of UEs) for industrial internet of things (IIoT) use cases [2].
Considering that the use cases for Rel-18 RedCap UEs positioning include industrial wireless sensors, video surveillance and wearables [3], in our opinion, the Rel-18 positioning accuracy requirement for RedCap UEs should be not higher than that for Rel-17 commercial and IIoT use cases, e.g., 1~3 meter (90% of UEs).
Proposal 1: The Rel-18 positioning accuracy requirement for RedCap UEs should be not higher than the requirement of commercial and IIoT use cases defined in Rel-17, e.g., 1~3 meter (90% of UEs).

Initial performance evaluation
Simulation parameters
The simulation parameters used in the evaluation are given in Table 1. Three cases in Table 2 are evaluated.
[bookmark: _Ref111061323]Table 1: Simulation parameters
	Parameters
	Value

	Positioning method
	DL-TDOA

	Channel model
	InF-SH

	Carrier Frequency
	3.5 GHz 

	Sub-Carrier Spacing
	30kHz for FR1
120kHz for FR2

	Bandwidth
	20MHz for FR1
 100MHz for FR2

	TRP Height
	8m

	            UE Height
	1.5m

	Measurement Algorithm
	MUSIC

	Anenna config. for TRP
	(1,1,4,4,2)

	Anenna config. for UE
	(1,1,1,1,1) for FR1

	
	(1,2,2,1,1) for FR2
(1,1,1,1,1) for FR2

	Number of Selected TRPs
	6

	Timing error between TRPs
	No


[bookmark: _Ref111061382]
Table 2: CASE information
	
	Bandwidth
	FR1/FR2
	UE Rx Antenna number

	CASE 1
	20MHz
	FR1
	1Rx

	CASE 2
	100MHz
	FR2
	1Rx

	CASE 3
	100MHz
	FR2
	2Rx



Initial simulation results
Figure 1, Figure 2 and Figure 3 illustrate the horizontal positioning error for Redcap UEs positioning for CASE 1, CASE 2 and CASE 3, respectively. The simulation results from Figure 1 to Figure 3 show that the horizontal positioning error for 90% of UEs is 1.91 meter for CASE 1, 0.243 meter for CASE 2 and 0.213 meter for CASE 3. 
The different methods are used to obtain the TOA measurement for CASE 2 and CASE 3. For CASE 2, we use received DL PRS from one Rx antenna to get the TOA measurement. For CASE 3, we first use received DL PRS from each Rx antenna to get the two TOA measurements, and then we choose the smaller one of the two TOA measurements to get the final TOA measurement.

[image: ]
[bookmark: _Ref111061462]Figure 1: Horizontal positioning error for Redcap UEs (FR1 20MHz 1Rx)
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[bookmark: _Ref111061467]Figure 2: Horizontal positioning error for Redcap UEs (FR2 100MHz 1Rx)
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[bookmark: _Ref111061472]Figure 3: Horizontal positioning error for Redcap UEs (FR2 100MHz 2Rx)

The initial simulation results shows that in InF-SH, the horizontal positioning error is 1.91 meter for FR1 20MHz bandwidth, and 0.213 meter for FR2 100MHz bandwidth for 90% of UEs. When the number of receiving antenna is increased from 1 to 2 for FR2 100MHz, and the positioning accuracy is improved by 0.0294 meter. 
Observation 1: The impact of bandwidth on RedCap UE positioning is more important than the impact of number of Rx antennas.
Proposal 1: The positioning accuracy requirement for Rel-18 RedCap UEs can be defined to be the same as Rel-17 commercial and IIoT use cases, e.g., 1~3 meter (90% of UEs).
Conclusion
In this contribution, we discussed the issues related to RedCap UEs positioning with the following observation and proposal.
Observation 1: The impact of bandwidth on RedCap UE positioning is more important than the impact of number of Rx antennas.
Proposal 1: The positioning accuracy requirement for Rel-18 RedCap UEs should be no higher than that for Rel-17 commercial and IIoT use cases, e.g., 1~3 meter (90% of UEs).
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