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1
Introduction

Simulations to study the impact of different OOBE from Band 26/XXVI UE(s) towards PS UL were presented in [1] during RAN4#66. As indicated in [1], the propagation model used was that defined in TR 36.942 which is only accurate for antenna heights between 0-50m above the rooftop (this is lower than that assumed for the simulation scenario). Here, we present additional simulation results for a lower antenna height for which the propagation model is accurate.
During the discussions in RAN4#66, it was also requested to simulate a more realistic scenario. In this contribution, results are presented assuming a specific PS site in the US.
2
Discussion
2.1


Simulation assumptions
Results for two different scenarios are presented:

Scenario 1 assumes a lower antenna height than that in [1] to make the propagation model in TR36.942 valid, specifically this is considered to be 50m over the rooftop. Table 2.1-1 shows the PS simulation assumptions. 
Table 2.1-1. PS parameters 

	
	Base Station
	Device

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz 

	Cell radius
	8 km

	Antenna height
	50 m over roof top 
	1.5m

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
	12.1 dBi omni-directional
	Antenna gain + body loss =-6 dBi

	Noise figure
	5.7 dB
	9.75 dB

	Transmit power
	46.1 dBm
(after combiner loss)
	36 dBm

	SINR Threshold
	16.5 dB
	16.5 dB

	Effective Noise Bandwidth (ENBW)
	6.25 kHz 
	6.25 kHz 

	Noise Floor 
	-130.3dBm / 6.25 kHz
	-126.3dBm / 6.25 kHz


Scenario 2 considers the PS parameters from a real site in Atlanta, USA. The antenna height in this case is much higher than in [1]. The DL PS cell size is 12km. However, an UL cell size of this dimension for the assumed antenna height would result in a very high PS outage. Therefore, the UL cell size is considered as 8km. The assumptions for the PS scenario are included in Table 2.1-2. The path loss for LTE is estimated using the urban model in 36.942, while the path loss for PS is estimated using the Okumura-Hata urban model since the PS base-station antenna is at a much greater height than the LTE BS antenna. The standard deviation for the log-normal variation is reduced to 8 dB, which is applicable for urban areas with smaller local variability 

Table 2.1-2. PS parameters 

	
	Base Station
	Device

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz 

	Cell radius
	12 km 

	Antenna height
	130 m from ground 
	1.5m

	Lognormal fading
	8 dB

	Antenna gain and antenna pattern
	12.1 dBi omni-directional
	Antenna gain + body loss =-6 dBi

	Noise figure
	5.7 dB
	9.75 dB

	Transmit power
	46.1 dBm
(after combiner loss)
	36 dBm

	SINR Threshold
	16.5 dB
	16.5 dB

	Effective Noise Bandwidth (ENBW)
	6.25 kHz 
	6.25 kHz 

	Noise Floor 
	-130.3dBm / 6.25 kHz
	-126.3dBm / 6.25 kHz


Table 2.1-3 contains the LTE simulation assumptions used in both scenarios
Table 2.1-3. LTE parameters

	
	Base Station
	UE

	Carrier frequency
	850 MHz

	Channel bandwidth
	5 MHz

	Cell radius
	1.0 km / 2.0 km / 4.0 km 

	Frequency reuse
	1x3x1

	Antenna gain and antenna pattern
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 = 65 degrees, Am = 20 dB
	Antenna gain + body loss= -10 dBi 

	Noise figure
	5 dB
	9 dB

	Transmit power
	43 dBm
	23 dBm

	Antenna height
	30 m
	1.5 m


The simulation set up  is considered to be “pesimistic”, thus the presented levels for outage are higher than the expected in a real deployment. The following needs to be highlighted:
· intra-system PS interference is not considered in the simulation set up, which leads into a higher impact due to OOBE from a Band 26 UE. For the same Band 26 OOBE, the increase on outage will be reduced if taking into consideration the internal PS interference.

· emissions equal to -35, -38 and -42 dBm/6.25kHz are assumed from UE(s) transmitting at maximum output power regardless of the PRB allocation of the LTE aggressor. The unwanted emissions are considered to decrease “dB by dB” when lowering the output power while, in practice, the OOBE will decrease at least by 1dB for each dB that the power is being lowered.
· the Band 26 OOBE follows minimum performance (-35, -38 or -42 dBm/6.25kHz). Real UE(s) will perform better than these requirements and OOBE will also be reduced further away in frequency  from the PS UL

· the path loss models for computing PS-PS and LTE-PS coupling loss are still questionable for distances less than 1 km to the PS antenna, which affects the closest LTE cell that gives a large interference contribution to the PS system (affects both the wanted PS signal and the LTE interferer). 

· LTE UE(s) very close to the PS BS may be blocked by the high interference signal received from the PS BS, which is not considered in the simulations (i.e. all UEs are transmitting independently of how close they get to the PS BS)
2.2


Simulation results
2.2.1
Scenario 1

Simulation results are included in Table 2.2.1-1 for scenario 1 considering 1, 2 and 4 km LTE cells. The PS system in this scenario is designed to allow for a cell outage below 5%, as pointed in [2] as a “typical NB PS design”. The impact of  an LTE interference is now less predominant than in [1] (where the antenna height was outside the validity of the model). In addition, the degradation is lower when increasing the LTE cell size. 
Table 2.2.1-1. PS outage in the presence of Band 26 LTE 
	
	dBm/6.25KHz
	No LTE interference
	- 35
	- 38
	- 42

	1km  LTE cell
	Average outage (%)
	2.28 
	4.53    
	3.69   
	2.96

	
	Cell edge outage (%)
	5.28
	9.17   

	7.79    
	6.49

	2km  LTE cell
	Average outage (%)
	2.28 
	4.1
	3.40   
	2.84

	
	Cell edge outage (%)
	5.28
	8.52
	7.31   
	6.37

	4km  LTE cell
	Average outage (%)
	2.28
	3.51
	2.99
	2.63

	
	Cell edge outage (%)
	5.38
	7.51
	6.60   
	5.95


2.2.2
Scenario 2

Table 2.2.2-1 contains the simulation results for scenario 2 and 1, 2 and 4km LTE cell size. Note that the cell edge outage is above the 5% limit quoted as “typical design” in [2] without any interference. The PS UL cell size then needs to be further reduced in order to meet this condition.. The effect of the LTE interference is now more significant for this under-dimensioned PS-system 
Table 2.2.2-1. PS outage in the presence of Band 26 LTE 
	
	dBm/6.25KHz
	No LTE interference
	- 35
	- 38
	- 42

	1km  LTE cell
	Average outage (%)
	    3.35
	11.40    
	8.09    
	5.43

	
	Cell edge outage (%)
	    8.16   
	23.11   
	17.02   
	12.24

	2km  LTE cell
	Average outage (%)
	    3.35
	10.78    
	7.75
	5.36

	
	Cell edge outage (%)
	    8.16   
	22.01
	16.54
	12.12

	4km  LTE cell
	Average outage (%)
	    3.35
	9.52   
	6.83  
	4.91

	
	Cell edge outage (%)
	    8.16   
	19.89   
	15.09  
	11.20


3 Conclusion

The simulation results presented in this paper shows that different conclusions may be drawn depending on the PS scenarios considered. Assuming a PS system with an already high outage without interference could imply an overspefication of the LTE protection requirement. Note that the LTE emission limit will affect all UEs in the market even if they do not need to fulfill such requirement in the geographical area where they will be used. 

PS systems designed according to the “typical design” are applicable when considering the PS UL protection levels. Simulations presented in chapter 2.1 suggest that a protection level between -38 and -42dBm/6.25kHz may be acceptable. 
The specified OOBE impacts Band 26 performance in terms of AMPR [3] as well as Band XXVI [4]. While ensuring protection to PS UL, we should not overspecify the requirement for a band that is intended to be used globally. 
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