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At RAN#72 a Work item on “Positioning Enhancements for GERAN” was approved. Part of the WI scope is until RAN#73 to: 
· “study the performance of proposed positioning enhancements, including:
1. evaluate the accuracy of proposed positioning enhancements such as TA multilateration, with and without tighter assessment of timing by MS, and compare with existing positioning methods with the same hardware support as for the proposed enhancement.
2. procedures and signalling for the proposed positioning enhancements
3. evaluate suitability of the proposed positioning enhancements for EC-GSM-IoT, including impacts on MS complexity and power consumption”
This document focuses on the first bullet above, describing the assumptions used for evaluating positioning enhancements by the sourcing company, and also assumptions proposed to be used by other companies performing simulations within the WI scope.
Assumptions
Link simulator
A link simulator is used to derive the synchronization performance accuracy for both the MS and the BTS, unless for example requirements from the specifications are instead used to model possible error sources in synchronization accuracy/error.
In GSM link simulations it is common to use the Typical Urban (TU) propagation channel. The TU channel is also used extensively in the performance requirements in the specification. From a performance point of view for GSM, the delay spread of the TU channel compared to channels with lower delay spread has small impact on the performance, and the main contribution for the total impulse response of the channel that is to be compensated for by the receiver comes from the Tx and Rx filtering. For example in [3] the performance between a TU and EPA channel is compared with the conclusion that only trivial performance difference is observed. Also in measurements from the field it has been shown that the Typical Urban channel is not that typical, [2], where the median RMS delay spread of measured channels end up at around 100 s, while the TU channel used in GSM has an RMS delay spread of around 1000 s.
Also, for positioning evaluation the choice of propagation channel will have an impact on the resulting performance since it is typically the first ray in the total channel response that is to be estimated. Hence, even if there are only small differences observed in BLER performance between the TU and EPA channel, the choice of channel will have an impact on the synchronization performance.
Hence the EPA channel instead of the TU channel has been used in the link and system simulation evaluations.  Other assumptions have been taken from the Cellular IoT study (3GPP TS 45.820), see Annex.
System simulator
For system simulations the system simulation assumptions from the Cellular IoT work and 3GPP TR 45.820 has been re-used, see Annex, with the limitation that the building penetration loss is only evaluated for inter-site correlation coefficient 0.5 and BPL model 1 (aligning also with the assumptions used for the tighter BCCH spectrum evaluation for EC-GSM-IoT). For system simulations it will also be required to assume both MS and network synchronization accuracy, which should be based on link level results.
Evaluation metric and presentation of results
In the new WI, [1], although not stated as an objective of the work, a targeted accuracy of 100 m is mentioned in the justification. Based on this, the results have been presented as the percentile of positioning attempts where 100 m or better horizontal accuracy is reached.
To understand and compare results between companies, it should further be required to present the positioning method used, the maximum number of base stations used for the positioning attempts, and also the percent of synchronization attempts declared out-of-coverage.
Conclusion 
Based on the content of the contribution, simulation assumptions and evaluation metrics used by the sourcing company for positioning enhancements are outlined. Although the ongoing evaluation phase until RAN#73 is short, it is proposed that the same assumptions are used by other companies looking into the positioning enhancements. 
The assumptions are:
1. For link and system level simulations, re-use the assumptions from 3GPP TR 45.820 with the limitation/exceptions that:
a. For system simulations:
i. Use building penetration loss model 1 and inter-site correlation coefficient 0.5
ii. No specific traffic model added in the network, but instead a sufficient number of synchronization attempts are performed.
b. 	For link simulations:
i. Use EPA propagation model
2. The results are presented:
a. With the used positioning  method declared
b. With a model presented of the synchronization accuracy assumptions for the MS and BTS
c. With the maximum number of base stations used for positioning declared
d. With the percent of users out of coverage declared
e. As percentile of positioning accuracy of 100 m or better
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TR 45.820 Link level simulation assumptions
	No.
	Parameter
	Value

	1
	Frequency band
	900 MHz

	2
	Propagation channel model
	TU

	3
	Doppler spread
	1 Hz with model for Doppler spectrum taken from TR 36.888 [3]1

	4
	Interference/noise
	Sensitivity2 

	5
	Antenna configuration
	BS: 1T2R
MS: 1T1R

	6
	Frequency error
	F_offset(t) = F_est_error + (F_drift_inactive *T_inactive) + (F_drift_active * t). See Note 3.

	7
	MS initial frequency error (for evaluation of synchronization performance)
	Randomly chosen from -20 ppm and 20 ppm (i.e. either -20 ppm or 20 ppm), generated per synchronization attempt.

	NOTE 1:	Doppler spread of 1 Hz, with model from TR 36.888 [3], is a working assumption. This will be revisited if a more appropriate model is identified which shows significant difference in performance results. Doppler spread of 1Hz will model a non-stationary surrounding environment and not a non-stationary mobile device. Link level simulation results assuming 1Hz Doppler will be used in system level evaluation.
NOTE 2:	Sensitivity will be modelled as a baseline. Interference scenarios need to be developed.
NOTE 3:	 F_offset(t) is the frequency offset at time t relative to the start of an uplink transmission.
	F_est_error (Hz) is the candidate technology specific estimation of the downlink frequency error, which should be justified and declared for each candidate technology. . In order to ensure sufficient margin to different impairments, such as TXCO precision, the candidate technology specific assumption on frequency offset, if expressed as a distribution, will not have a Root Mean Square Error (RMSE) lower than 10 Hz, or if a fixed offset is used, will not be lower than 10 Hz. 
	F_drift_inactive (0.010 ppm/s) represents the frequency drift rate during the interval between the end of the last downlink reception used for frequency error estimation and the start of the uplink transmission. The polarity (sign) of the F_drift_inactive rate should be selected randomly for each simulated uplink packet. 
	T_inactive (sec) is the time interval between the end of the last downlink reception used for frequency error estimation and the start of the uplink transmission.
	F_drift_active (0.025 ppm/s) is the frequency drift rate during the uplink transmission. The polarity (sign) of the F_drift_active rate should be selected randomly for each simulated uplink packet (so where a packet is composed of many repetitions, the polarity should be the same for each repetition). 
	Refinement to the basic model which takes into account the candidate Cellular IoT radio interface technology proposal is allowed but the changes will be declared.



TR 45.820 System level simulation assumptions
Table D.1 Assumptions for system level simulations
	No
	Parameter
	Assumption

	1
	Cellular Layout
	Hexagonal grid, 3 sectors per site1

	2
	Frequency band
	900 MHz

	3
	Inter site distance 
	1732 m

	4
	MS speed 
	0 km/h as the baseline2

	5
	User distribution
	Users dropped uniformly in entire cell

	6
	BS transmit power per 200 KHz (at the antenna connector)
	43 dBm3

	7
	MS Tx power (at the antenna connector)
	Candidate solution specific4

	8
	Pathloss model
	L=I + 37.6log10(.R), R in kilometers
I=120.9 for the 900 MHz band

	9
	Shadowing standard deviation
	8 dB

	10
	Correlation distance of Shadowing
	110 m 

	11
	Shadowing correlation
	Between cell sites


	0.5

	
	
	Between sectors of the same cell site
	1.0 

	12
	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns) 
	See table 5-7, 3GPP TR 45.914 [4], 65° H-plane.

	13
	BS antenna gain
	18 dBi

	14
	MS Antenna gain
	-4 dBi

	15
	BS cable loss
	3 dB

	16
	Building Penetration Loss
	Based on distributions derived from adapted COST 231 NLOS model. See clause D.1 and note 5

	17
	Inter-site correlation coefficient
	Two inter-site correlation coefficients will be used for simulations: 0.5 and 0.75

	NOTE 1:	Simulations should consider enough BS sites to obtain reliable results. 
NOTE 2:	Mobility scenario has to be defined 
NOTE 3:	The carrier PSD compared to GSM will not be exceeded. 
NOTE 4: 	The highest MS Tx power level at which PA integration on chip is feasible needs to be identified (working assumption is 23 dBm). The supported MS Tx power levels will be declared and evaluated for any candidate solution.
NOTE 5: 	Simulations should be performed for two scenarios of building penetration loss described in clause D.1.All evaluations should provide results for both scenarios.
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The building penetration loss is a component of the overall path loss model for cellular devices in conditions of deep penetration loss and is in addition to the outdoor pathloss model (see simulation assumption#8 in Table D.1). 
Path loss indoor = outdoor path loss + Building Penetration Loss
The building penetration loss model for this study is based on the COST 231 Non Line of Sight (NLOS) model for building penetration loss which is adapted to reflect the attenuation characteristics of both old and modern construction materials and also with parameters chosen to reflect the expected environment in which cellular IoT devices will be placed. 
Building Penetration Loss = External wall penetration loss + max (Tor1, Tor3) – GFH
Tor1 = Wi*p, where Wi is the loss in internal walls and p is the number of penetrated internal walls.

Wi = 4-10 dB (uniformly distributed)

p =0, 1, 2 or 3 (with p =3 also accounting for devices in deep penetration loss e.g. basement)
Tor3 = alpha*d, where alpha is the penetration distance coefficient and d is the penetration distance.

Penetration distance coefficient (alpha) = 0.6 dB/m

d = uniformly distributed in the range 0-15m

GFH = n*Gn, where Gn is the floor height gain per floor, n is the floor number

n = 0,1,2,3 or 4 (uniform distribution)

Gn = 1.5 dB/floor 

External wall loss is modelled as uniformly distributed either in range 4-11 dB, 11-19 dB or 19-23 dB.

The two scenarios to be simulated for the evaluation in this study are summarized in Table D.2 (scenario#1) and Table D.3 (scenario#2)

Table D.2: Definition of scenario#1 for building penetration loss
	Distribution of external wall penetration loss

	External wall penetration loss
	4-11 dB
	11-19 dB
	19-23 dB

	Percentage of devices uniformly distributed in range
	25%
	65%
	10%

	Assumptions related to additional penetration loss due to internal walls

	Percentage of devices mapped to case p=3 ( with remaining devices equally distributed among cases p=0,1,2)
	15%

	Assumption for dependency of penetration loss of internal walls of a building. 
	Independent i.e. a different value of Wi is randomly generated for each internal wall. 




Table D.3: Definition of scenarios#2 for building penetration loss
	Distribution of external wall penetration loss

	External wall penetration loss
	4-11 dB
	11-19 dB
	19-23 dB

	Percentage of devices uniformly distributed in range
	25%
	50%
	25%

	Assumptions related to additional penetration loss due to internal walls

	Percentage of devices mapped to case p=3 ( with remaining devices equally distributed among cases p=0,1,2)
	20%

	Assumption for dependency of penetration loss of internal walls of a building. 
	Dependent i.e. one value of Wi is randomly generated and applies to all internal walls.
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