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1 Introduction
Whilst both FR1 and FR2 BS have BS classes, FR1 has a restriction on output power for the local area and medium range BS where as FR2 does not.

This paper discusses power limits and if they may be required in the 7 to 24GHz frequency range.
2 Discussion
2.1 Background

BS class is primarily defined by the MCL between BS and UE, from TS 38.104 we have the following definitions:
For BS type 1-O and 2-O, BS classes are defined as indicated below:

-
Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.

-
Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.

-
Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.

For BS type 1-C and 1-H, BS classes are defined as indicated below:

-
Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum coupling loss equal to 70 dB.

-
Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum coupling loss equals to 53 dB.

-
Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to minimum coupling loss equal to 45 dB.

However there are many unwritten assumptions associated with Macro cell, Micro cell and Pico cell scenarios, in TR 25.951 this is further expanded upon
Wide Area BS class assumes relatively high MCL, as is typically found in outdoor macro environments, where the BS antennas are located in masts, roof tops or high above street level.  Existing requirements are used, as they are in [1], for the base station intended for general-purpose applications.

Medium Range BS class assumes medium MCL, as typically found in outdoor micro environments, where the BS antennas are located below roof tops.

Local Area BS class assumes relatively low MCL, as is typically found indoors (offices, subway stations etc) where antennas are located on the ceilings or walls or possibly built-in in the BS on the wall. Low-CL can also be found outdoors on hot spot areas like market place, high street or railway station.  New requirements, as defined in this TR, are set for the Local Area BS class.

2.2 Analysis
The power limits are placed on the BS types to limit interference between the different deployments. This analysis is documented in TR 36.941based on an outage target of 5% at the macro.
As this is a study item it is not suggested that such complex simulations are carried out for the 7 to 24GHz region at this stage, however assuming interference occurs due to the range of the BS we can compare the range of FR1 BS with both FR2 and potentially 7 to 24GHz to see if it is likely that power limits will be required in the 7 to 24GHz region.

Table 6.2.1-1: BS type 1-C rated output power limits for BS classes

	BS class
	Prated,c,AC

	Wide Area BS
	(Note)

	Medium Range BS
	≤ 38 dBm

	Local Area BS
	≤ 24 dBm

	NOTE:
There is no upper limit for the Prated,c,AC rated output power of the Wide Area Base Station.


Power limits were originally derived as total conducted power limits not EIRP, as such the FR1 radiated power limits are based on TRP. Range is of course dependent on EIRP so assumptions will have to be made for antenna gain.

2.2.1 Path loss models
The different deployments necessitate different PL models, the following models from the NR study will be used for this analysis.

Table 7.4.1-1: Pathloss models

	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	UMa LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 25 m



	UMa NLOS
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	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m

hBS = 25 m

Explanations: see note 3

	UMi - Street Canyon
LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 10 m

	UMi – Street Canyon NLOS
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	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m

hBS = 10 m 

Explanations: see note 4

	InH - Office LOS
	
[image: image9.wmf])

(

10

log

20

)

(

10

log

3

.

17

4

.

32

3

c

D

f

d

PL

+

+

=


	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
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	σSF=8.03
	1<d3D<86m

	Note 1:
d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. 

Note 2:
The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:
UMa NLOS pathloss is from TR36.873 with simplified formatand and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.

Note 5:
Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


2.2.2 Cell range

Looking at the example frequencies with a number of assumptions about BS limitations:

· BS power is limited by requirement at FR1

· No power limit is applied to 7  to 24GHz range, it is assumed max power is used based on 10dB.decade assumption and 29dBm @ 24GHz

· UE NF increases at the same rate as BS NF but is assumed to be 3dB higher

· BS antenna gain is set at 24dBi for all BS types and frequencies in 7 to 24 as no physical limitation in size exists. 

Hence the range prediction are:
Table 2.2.2-1 medium range BS cell range

	Fc
	Pmax
	G_Ant
	UE NF
	UE SNR
	max PL
	Range (m)

	(GHz)
	(dBm)
	(dBi)
	(dB)
	(dB)
	(dB)
	Umi - Street canyon LOS*
	Umi - Street canyon NLOS

	2
	38
	11
	9
	10
	131.0
	25589
	926

	7
	34.4
	24
	9
	10
	140.3
	21636
	801

	10
	32.8
	24
	10
	10
	137.8
	11649
	547

	15
	31.0
	24
	11
	10
	135.0
	5849
	357

	20
	29.8
	24
	12
	10
	132.8
	3475
	260

	24
	29
	24
	13
	10
	131.0
	2400
	207


* the models are only valid up to 5km, hence some of the calculated figures are outside the range of validity for the model.
For indoor deployment we should also consider the penetration loss 

Table 2.2.2-2 Penetration loss

	Fc
	Penetration loss (dB)

	(GHz)
	Standard Glass
	IRR glass
	Concrete
	Wood

	2
	2.4
	23.6
	13
	1.2

	7
	3.4
	25.1
	33
	4.1

	10
	4.0
	26.0
	45
	5.8

	15
	5.0
	27.5
	65
	8.7

	20
	6.0
	29.0
	85
	11.7

	24
	6.8
	30.2
	101
	14.0


Taking standard glass as an example, we have:

Table 2.2.2-3 Local area BS cell range Summary
	Fc
	Pmax
	G_Ant
	Penatration loss
	UE NF
	UE SNR
	max PL
	Range (m)
	 

	(GHz)
	(dBm)
	(dBi)
	(dB)
	(dB)
	(dB)
	(dB)
	InH Office LOS*
	InH Office NLOS*

	2
	24
	11
	2.4
	9
	10
	114.6
	25284
	221

	7
	34.4
	24
	3.4
	9
	10
	136.9
	116367
	375

	10
	32.8
	24
	4.0
	10
	10
	133.8
	50667
	246

	15
	31.0
	24
	5.0
	11
	10
	130.0
	19220
	151

	20
	29.8
	24
	6.0
	12
	10
	126.8
	8943
	103

	24
	29
	24
	6.8
	13
	10
	124.2
	5130
	78


* These models are only valid for distances up to 100m (LOS) and 86m (NLOS) which is a reasonable maximum distance to expect indoors, hence these calculated distances are outside the range of the model. Once outdoors a different model should be used.

As the analysis uses the PL models in reverse (obtains a distance from a PL) in some cases they are being used outside their valid distance range. In such cases it can be assumed that there is excess link budget for the cell sizes being investigated. 

The exact numbers in tables 2.2.2-1 and 2.2.2-3 are not extremely important as statistics play a big part in any co-existence analysis, but they are useful for comparison between the frequencies to examine the risk of interference between BS classes for the different frequencies.

For the medium range BS we can see in table 2.2.2-1 the range for the 7 to 24GHz region is always smaller than that for FR1. This is due to both the increased path loss but also

The reduced output power based on the reduced PA capacity due to frequency.

As such medium area BS in the 7 to 24GHz region may not require a maximum output power limit.

Observation 1: Medium range BS operating in 7 to 24GHz region may not require an upper power limit to prevent excessive interference between cells.
For the local area BS in table 2.2.2-3 w can see that the range from 7 to 10GHz with no limit on the output power is greater than that at 2GHz. From this we could assume that at least for the lower frequencies in the band some sort of local area power limitation would be required.

Observation 2: Local area BS operating in 7 to 24GHz region may need required an upper power limit to prevent interference between cells, specifically at the low end of the band.

Based on observation 1 and 2 if heterogeneous network simulations were to be carried out in the 7 t o 24GHz region the local area BS would be the best place to start.
3 Summary
This paper looks at the upper power limit on the BS output power, whilst power limits should be set by heterogeneous network simulations, by comparing BS capabilities and path loss models over frequency and comparing those to the FR1 results some observations are made as to the risk of employing medium range and local area BS with no upper power limits.
Observation 1: Medium range BS operating in 7 to 24GHz region may not require an upper power limit to prevent excessive interference between cells.

Observation 2: Local area BS operating in 7 to 24GHz region may need required an upper power limit to prevent interference between cells, specifically at the low end of the band.
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