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1 Background
Simulations needed to set RF requirements was discussed in RAN4#82bis, and a WF on new BS classes for NB-IoT [1] was approved as follows,

· Micro and pico would be first considered.
· Coexistence simulations (standalone NB-IoT vs standalone NB-IoT) are needed to set BS RF requirements, e.g. REFSENS, interferer level, …
· Following simulations should be considered as a baseline. Further down-selection could be decided by next RAN4#83 meeting if motivated.
According to the list of needed simulations in [1], this contribution provides the simulation assumptions relative to coexistence study for standalone NB-IoT vs standalone NB-IoT based on micro and pico scenario.
2 Network layout 

2.1 Micro scenario
Simulation assumption of micro scenario is for case M1, M2 and M3 in [1], which follows [2]. 
2.1.1 Urban macro layouts
The macro cell network is a tri-sector layout consisting of 57 cells with base stations located at 19 sites as shown in Figure 2.1.1-1. The ISD is 500m or 1732 m.
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Figure 2.1.1-1: Macro cell tri-sector layout
2.1.2 
Micro network layouts

A modified version of the Manhattan grid pattern is used as a micro cell layout. The proposed modification produces a symmetrical grid pattern that can be replicated into a larger grid. An additional column with 3 new nodes has been added resulting in a 12 by 12 block grid, as shown in Figure 2.1.2-1.

In addition, 3 nodes on the top of the grid have been removed since they are redundant with the nodes on the bottom of the original grid when wrap-around is employed. As per the Manhattan grid definition in [3], each block is 75m x 75m and each street is 15m wide. This results in the modified grid having a dimension of 1080m x 1080m.
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Figure 2.1.2-1: Micro cellular Manhattan grid pattern (modified version of the 3GPP TR 25.942 grid).
To ensure that at least one macro cell is covered when the micro cells are overlaid on the larger macro cell layout with ISD 1732 m, a larger Manhattan is grid used, formed by a four-fold replication of the Manhattan grid in Figure 2.1.2-1. This extended grid is shown below in Figure 2.1.2-2.
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Figure 2.1.2-2: Four-fold replication of modified grid pattern of Figure 2.1.2-1 above.

2.1.3  Macro-Micro deployment

For micro-to-macro and macro-to-micro simulations, the following layouts are used for the overlaid patterns: 

-
In case of an ISD of 500 m for the macro network, the layout of Figure 2.1.3-1 is used, with the 12 column micro grid pattern centred over the corner between cell#3/19/20 of the macro network.

-
In case of an ISD of 1732 m for the macro network, the layout of Figure 2.1.3-2 is used, with the extended (four-fold) micro grid pattern centred over the corner between cell#3/19/20 of the macro network.

For these simulations, in the area that is overlapped by the Micro network’s Manhattan grid, UEs should only be dropped in the streets. In order to maintain the same Macro UE density per cell as in the area not covered by the Micro network, the following principle should be used:

1.
Macro UEs are first dropped with a uniform distribution over the whole Macro grid area, both in the part not covered by the micro network and in the part that is overlapped by the micro network.

2.
In the area overlapping with the micro network, UEs that were dropped indoor are identified. These UEs are then dropped again, uniformly over the outdoor “half-street” area surrounding the indoor block, as shown in Figure 2.1.3-3.
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Figure 2.1.3-1: Manhattan grid micro node network overlaid on a ISD = 500 m macro network. 
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Figure 2.1.3-2: Four-fold replication of the Manhattan grid micro node network overlaid on a ISD = 1732 m macro network. 
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Figure 2.1.3-3: Method of re-distributing UEs from the indoor to the street area.
2.1.4  Micro-Micro deployment

For micro-to-micro simulations with overlaid patterns, the following layout is used for the overlaid patterns: 

-
The layout of Figure 2.1.4-1 is used, with the modified 12 column micro grid pattern overlaid on a second modified grid pattern.
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Figure 2.1.4-1: Modified Manhattan micro network grid overlaid on a modified Manhattan micro network grid.

2.2 
Pico scenario
Simulation assumption of micro scenario is for case P1, P2 and P3 in [1], which follows [4].
2.2.1 
Pico deployment
This modelling is referenced to the Pico scenario described in [5]. A model indoor environment is specified below and consists of a large office building with an open floor plan layout. Figure1 shows a diagram of the environment. The parameters of the Pico environment are the following:
-
building size = 100 x 100 metres
-
room size = 23 x 20 metres
-
corridor width = 4 metres
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Figure 2.2.1-1 Pico deployment
2.2.2  Macro-Pico deployment
The hexagonal cells represent the macro cells and the indoor systems have been mapped onto the macro cells. The indoor layout has been adopted from clause 2.2.1. A certain number of indoor systems are dropped within the macro coverage area with a random uniform distribution.
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Figure 2.2.2-1. Macro-Pico deployment
2.3 Simulation parameters

2.3.1 Macro cell parameters

The macro cell parameters are proposed as follows [6]:
Table 2.3.1-1: Macro cell simulation parameters

	Simulation Parameter
	Assumptions

	Environment
	Urban macro

	Network layout
	19-sites [57 sectors] with wrap-around

	Inter-site distance in meter
	1732 or 500m

	Network location
	Non co-located (at cell edge of legacy)

	Frequency reuse
	1

	Number of scheduled UE per cell (DL)
	1

	Number of scheduled UE per cell (UL)
	3 for multi-tone, 12 for 15kHz single-tone, 48 for 3.75kHz single-tone

	BS antenna height in meter
	30

	BS max TX power in dBm
	43dBm/200kHz

	BS antenna gain including feeder loss in dBi
	15

	BS antenna pattern
	Horizontal (36.942)

	BS antenna front-back ratio in dB
	20

	Building penetration loss
	45.820 Annex D.1 

	BS-MS min couple loss in dB
	70

	BS ACLR in dB
	45

	BS ACS in dB
	45

	BS noise figure in dB
	5

	BS-UE path-loss model
	TR36.942 macro urban

	Standard deviation of BS-UE log-normal shadow fading in dB
	10


2.3.2 Micro cell parameters

Table 2.3.2-1: Micro cell simulation parameters
	Simulation Parameter
	Assumptions

	Grid Pattern
	Manhattan grid (modified)  (Figure 6.31.2-1 (12x12) or 6.3.1.2-2 (24x24))

	Cell sectorization
	Omni

	BS antenna pattern
	Omni-directional

	Antenna gain (including losses) 
Base station 
	11 dBi

	MCL (Micro BS-to-UE) 
	53 dB 

	Maximum TX power for BS
	38 dBm/ 0.2 MHz

	Noise figure
	5-13 dB (Minimum range to cover)

	Log-normal shadow fading Standard deviation
	8 dB

	Number of UEs
	3 active UE drops per micro cell per snapshot

	UE distribution
	Random and uniform distribution over the streets of the Manhattan grid

	Collection of output statistics
	12x12 grid: Use the “center” 7 cells as identified in Figure 6.3.1.2-1.

24x24 “extended grid”: Use the “center” 7 cells in Figure 6.3.1.2-2 (centered on the mid point of the grid).


2.3.3 Pico cell parameters

The Pico cell parameters are proposed as follows:

Table 2.3.3-1: Pico cell simulation parameters
	Parameters
	Assumptions

	Lognormal shadowing
	Log Normal Fading with 6 dB standard deviation

	Antenna patterns
	omnidirectional

	Antenna gain
	0 dBi or 2 dBi

	Outdoor wall penetration loss
	10 dB

	Pico BS noise figure
	6 dB

	Maximum Pico TX power
	24dBm 

	Min separation UE to Pico BS
	2 m 


2.3.4  UE parameters
Table 2.3.4-1: UE simulation parameters
	Parameters
	Assumptions

	Carrier frequency in GHz
	2

	Size of each nominal channel BW in MHz
	0.2

	Transmission bandwidth in MHz
	0.18

	UE antenna height in meter
	1.5

	UE TX power in dBm
	-40 to 23

	UE antenna gain in dBi
	0

	UE ACLR in dB
	20 to 50

	UE ACS in dB
	20 to 40

	UE noise figure in dB
	9

	Cell selection margin in dB
	3


2.3.5 Other simulation parameters
Table 2.3.5-1: system simulation parameters
	Parameters
	Assumptions

	Carrier frequency in GHz
	2

	Size of each nominal channel BW in MHz
	0.2

	System loading and activity
	Full buffer 100%

	Shadowing correlation
	Inter-cell 0.5 intra-cell 1

	Scheduling algorithm
	 Round Robin

	DL subcarrier spacing
	15kHz

	UL
	See RP-152284


3 Propagation model
3.1 Macro cell model
Macro cell propagation model for urban area is applicable for scenarios in urban and suburban areas outside the high rise core where buildings are of nearly uniform height (3GPP TR 36.942 [7]). Assuming that the base station antenna height is fixed at 15 m above the rooftop, and a carrier frequency of 2 GHz is used, the path loss L can be expressed as below:
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Where:

R is the transmitter-receiver separation in kilometers
3.2 Micro cell model
For UEs assigned to micro cells, the model of 3GPP TR 25.942 [3] as defined in paragraph 5.1.4.3 applies. For the macro-to-micro scenario, this model also applies for propagation between UEs assigned to a macro cell and a micro BS.
3.3 Indoor path loss model
This indoor path loss model is for Pico environment.
To be convenient for simulation, according to the parameters given for office environment in ITU-R P.1238 [8], the indoor path loss model is represented by the following formula when considering a carrier frequency of 2000 MHz.
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where:


R = transmitter-receiver separation given in metres
4 Transmission power control model
No power control in downlink, fixed power per frequency resource block is assumed.

The fractional power control described in [7] shall be used for the initial uplink coexistence simulations.
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Use the parameter set 1 in table 5.3 in [7]. Considering 0.2MHz bandwidth, we get gamma=1 and PLx-ile = 129 dB. 
As agreed in [6], target SNR at BS is 15 dB.
5 Co-existence scenarios
Following simulations should be considered as a baseline. Further down-selection could be decided by next RAN4#83 meeting if motivated [1].
Table 6-1: simulation cases
	Case 
	aggressor
	victim
	Simulated link
	Statistics
	Target BS RF requirement

	M1
	Micro
	Micro
	UL
	SNR loss
	Reference sensitivity

	
	
	
	
	SNR loss + 
Interferer levels at victim BS
	ACS
In-band blocking

	M2
	Micro
	Macro
	UL
	SNR loss
	Reference sensitivity

	M3
	Macro
	Micro
	UL
	SNR loss + 
Interferer levels at victim BS
	ACS
In-band blocking

	P1
	Pico
	Pico
	UL
	SNR loss
	Reference sensitivity

	
	
	
	
	SNR loss + 
Interferer levels at victim BS
	ACS
In-band blocking

	P2
	Pico
	Macro
	UL
	SNR loss
	Reference sensitivity

	P3
	Macro
	Pico
	UL
	SNR loss + 
Interferer levels at victim BS
	ACS
In-band blocking
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