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At RAN#72, a new work item for Narrowband IoT (NB-IoT) enhancement was proposed, see [1]. One important objective is to extend Rel-13 design to support positioning to further increase the market impact. 
· Introduce E-CID core requirements:
· RSRP/RSRQ measurement [RAN4 only]
· UE Rx-Tx time difference measurement [RAN4 only]
· Support of UTDOA or OTDOA:
· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
In this contribution, we discuss common requirements and assumptions needed in the evaluations of the UL and DL based positioning methods.
Requirements
The NB-IoT Release 14 work item does not mention any absolute performance requirements, but the performance of solutions proposed for standardization needs nevertheless to be evaluated. It is proposed that all solutions presented in the scope of this work needs to be evaluated using system simulations.
Proposal 1: NB-IoT positioning solutions proposed in the scope of the Release 14 WI needs to be evaluated using system simulations.
TS 22.071 makes in table 4.1 a set of examples on established horizontal positioning accuracy requirements for location services. At several places a requirement is stipulated at a certain percentile, e.g. the 67th and the 95th percentile. With this in mind it is proposed that results derived for NB-IoT positioning techniques should be presented for at least the 67th and the 95th percentile.
Proposal 2: NB-IoT horizontal positioning performance should be presented at least for the 67th and the 95th percentile.
As there is no common link to system (L2S) mapping for NB-IoT, it is likely that individual companies perusing system simulation would develop their own L2S mapping. Therefore, it is vital that the simulation environment and the L2S mappings are presented to facilitate the understanding and review the performance presented to RAN. 
Proposal 3: Companies pursuing system simulations should present their simulator environment including used link to system mappings.
Some solutions have prerequisites e.g. in terms of frequency reuse, network synchronization and LMUs. It is proposed that any prerequisites vital to the performance presented is declared by the proponent of a solution.
Proposal 4: Companies proposing a solution should declare any dependencies on e.g. frequency reuse, network synchronization or LMUs for the performance presented.
It is also expected that the investigated solutions will be dependent on max number of eNBs/LMUs allowed to take part in a positioning attempt. It is proposed that the proponent of a solution declares the max number of eNBs/LMUs allowed to take part in a positioning attempt
Proposal 5: Companies proposing a solution should declare the maximum number of eNBs/LMUs allowed to take part in a positioning attempt.
Then it is of interest to understand the minimum number of eNBs/LMUs need to position a UE in the investigated solutions. It is proposed that the proponent of a solution declares the minimum number of eNBs/LMUs required to position a UE.
Proposal 6: Companies proposing a solution should declare the minimum number of eNBs/LMUs required to take part in a positioning attempt.
[bookmark: _GoBack]Finally the percentage devices in outage should be presented, and the criterion for outage should be declared.
Proposal 7: The outage in percentage, and the assumed outage criterion should be presented.
[bookmark: _Ref458166969]Assumptions
To minimize the effort to set up and configure the system simulator for the evaluations, it is proposed to as a general rule reuse the assumptions listed in TR 45.820 Annex C.1, D and D1, which for convenience are presented in the annex. 
Proposal 8: Use TR 45.820 Annex D and D1 as a general baseline for configuring system simulations.
Annex D lists two inter-site correlation coefficients for the building penetration loss (BPL). It is for simplicity proposed to assume a single building penetration loss inter-site correlation coefficient of 0.5 in the simulations.
Proposal 9: Only evaluate BPL inter-site correlation coefficient of 0.5 in the simulations.
The UE and eNB Noise figures are of importance when studying performance in extended coverage. The TR 45.820 assumption of 5 and 3 dB for the UE and eNB respectively can be reused.
Proposal 10: Assume an eNB NF to 3 dB, and UE NF of 5 dB.
To evaluate performance for different delay spread both TU and EPA propagation conditions is of value to study. For stationary users model the channel using a 1 Hz Doppler spread.
Proposal 11: Evaluate TU 1 Hz and EPA 1 Hz in the system simulations.
For the eNB it can be assumed that 1 TX and 2 RX antennas are used. For the UE a single antenna for TX and RX can be assumed.
Proposal 12: Assume 1TX/2RX eNB and 1TX/1RX UE antennas. 
For the inband case, the previous NB-IoT simulations usually assumed a 10 MHz LTE system and the total output eNB power is 46 dBm (43 dBm at each Tx) [3]. A 6 dB minimum power boosting needs to be supported for NB-IoT inband deployment, and therefore it leads to a 35 dBm total output power for the inband deployment. In general, it is also assumed that the same power is available for guard band deployment.
Proposal 13: For inband/guardband modes of operation assume 35 dBm output power.
Conclusions
This contribution has made the following set of proposals needed to support system level evaluations for NB-IoT positioning:
Proposal 1: NB-IoT positioning solutions proposed in the scope of the Release 14 WI needs to be evaluated using system simulations.
Proposal 2: NB-IoT horizontal positioning performance should be presented at least for the 67th and the 95th percentile.
Proposal 3: Companies pursuing system simulations should present the simulator environment including used link to system mappings.
Proposal 4: Companies proposing a solution should declare any dependencies on e.g. frequency reuse, network synchronization or LMUs for the performance presented.
Proposal 5: Companies proposing a solution should declare the maximum number of eNBs/LMUs allowed to take part in a positioning attempt.
Proposal 6: Companies proposing a solution should declare the minimum number of eNBs/LMUs required to take part in a positioning attempt.
Proposal 7: The outage in percentage, and the assumed outage criterion should be presented.
Proposal 8: Use TR 45.820 Annex D and D1 as a general baseline for configuring system simulations.
Proposal 9: Only evaluate BPL inter-site correlation coefficient of 0.5 in the simulations.
Proposal 10: Assume an eNB NF to 3 dB, and UE NF of 5 dB.
Proposal 11: Evaluate TU 1 Hz and EPA 1 Hz in the system simulations.
Proposal 12: Assume 1TX/2RX eNB and 1TX/1RX UE antennas. 
Proposal 13: For inband/guardband modes of operation assume 35 dBm output power.
RAN1 is kindly asked to take these proposals into consideration.
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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.



[bookmark: _Toc429501256]TR 45.820 Building penetration loss
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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