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1 Introduction
It has been proposed that die to the high path loss associated with frequencies in the range 7-24GHz that traditional passive antenna BS (type x-C) would not be suitable for macro cell deployment due to the small cell size they would provide. As such a wide area BS specification for such a BS would not be necessary.
As BS with conducted outputs and passive antennas (type x-C) have a number of advantages due to their simplicity it is important that such decisions are not made unless it is clear that such products are not needed, particularly in the SI phase.

This paper looks at the link budget for the example frequency in the 7-24GHz range and the available cell sizes (based on a number of stated assumptions/simplifications) to see if wide area BS is feasible in this frequency range.

2 Discussion
In band analysis is not usually done in RAN4, the actual cell size depends on the acceptable level of throughput at the cell edge and many other parameters. Ultimately the performance of a cell of a certain size will be probabilistic, exactly estimating cell size is therefore not straight forward.

However using a number of parameters previously agreed to be suitable for the 7-24GHz region it is possible to make an estimated and at least see how the size may vary over frequency.

A simple link budget can be calculated as:

SNIR = PTX + Gant_Tx – PL + Gant_Rx – (Pnoise + NF)
If a target SNIR is set (for a given throughput) the PL and hence the distance can be calculated.

The parameters used in this study are best estimate based on the work already done on NR and 7-24GHz, the specific values for each frequency are discussed below.
2.1 Parameters

2.1.1 Path Loss

In TR 38.803 the co-location analysis for NR FR2 was done based on the following:

	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
	
[image: image3.wmf])

,

max(

NLOS

UMa

LOS

UMa

PL

PL

PL

-

-

=



[image: image4.wmf](

)

(

)

)

5

.

1

(

6

.

0

log

20

log

08

.

39

54

.

13

10

3

10

-

-

+

+

=

-

UT

c

D

NLOS

UMa

h

f

d

PL


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

hBS = 25 m

Explanations: see note 3


It is stated in the note for the table that the applicable range for PL in the table is 0.8 to at least 30GHz. As such it’ suitable for analysing the 7 to 2GHz range, at least for a simplistic link budget analysis.

2.1.2 Noise figure

An example noise figure for 3 example frequencies has already been agreed in TR 38.820

Table 5.5.1-1
Typical noise figure for 7 - 24 GHz example frequencies

	Example frequency (GHz)
	Typical NF values for NR BS (dB)
	Typical NF values for NR UE

	10
	7 
	TBD

	15
	8
	TBD

	20
	9
	TBD


No figures have been agreed for UE so the BS values will be assumed

2.1.3 BA PA output power

For 2GHz system the PA output power is assumed to be 43dBm (20W). For the FR2 co-existence simulations the same figure was used, however it is generally accepted that this figure is too high for a mm wave system and the actual output power is likely much lower. The IAB co-existence parameters make a more reasonable assumption of 33dBm.
In TR38.820 subclause 5.4.1 states a simple assumption for PA technology for reduction o available output power with frequency of approx. 20dB/dec.
Using FR1 as a reference (23dBm@6GHz) this give approx. 36dBm at 24GHz (close to 33dBm used in IAB). And the following for each of the 7-24GHz example frequencies
	Example frequency (GHz)
	Estimated output power (dBm)

	10
	41.5

	15
	40

	20
	38


This uses some simplified assumptions but the approximations are sufficient for the simple link budget.

2.1.4 BS antenna gain

As the frequency goes up the antenna size for the same gain will drop, as such it will be possible to achieve high levels of directivity if necessary. However to implement a typical wide area 3 sector deployment the azimuth beam width will have to be at least 65deg. In elevation gain can be used but only up to a certain level. High gain antennas currently have elevation beam widths down to 3.5deg offering an antenna gain of approx. 20dBi. If this is achievable at 2GHz then it should be a suitable solution at 7-24GHzz where the antenna is physically much smaller.
2.1.5 UE output power

As the link is more likely to be limited by the UL than the DL as the UE power is limited the UE output power is more important.
For FR1 it is assumed the UE conducted power is 23dBm (although a 33dBm UE is also specified), with 0dBm antenna gain.

For FR2 the UE is assumed to have antenna gain but a lower conducted power equivalent. i.e. 13.4dBm conducted and 22.4dBm EIRP (i.e. 9dBi antenna gain).

The purpose of this link budget exercise is to estimate the usefulness of a type 1-C wide area BS i.e. with no beam forming. It is probably safest to assume that if the BS has no beam forming then the UE also has no beam forming and zero dBi gain.
Using a similar approach as the BS assuming 20dBm/decade and 23dBm at 6GHz we have:

	Example frequency (GHz)
	Estimated output power (dBm)

	10
	21.5

	15
	20

	20
	18


2.2 Link Budget
The link budget can now be calculate to see the SNIR of the link at each frequency however there are 2 remaining open issues

1. What an acceptable minimum BW is for the cell to viable.

2. What an acceptable SNIR would be for the cell to be viable

Co-existence simulations were done with signal BW of 200MHz, clearly the thermal noise at such BW’s is much higher than for a 5MHz channel BW. 

The frequency allocations in any bands within 7-24GHz are not known at this stage so it is not possible to say how much would be allocated to each operator, however whatever the allocation it is of course always possible to increase the PSD on any link by allocating narrower BW’s. In terms of the UL the UE is very unlikely to be allocated the whole available channel BW as multiple UE’s will be sharing it and hence the total PSD will be increased.

In the DL the BS may be transmitting to several UE’s and hence its power has to be shared.

For the purposes of the link budget it is assume that the BS is transmitting a 20MHz BW and the there are 4 UE’s with 5MHz each. Once again this simplification is for the purpose of the simple link budget only.
The SNIR/throughput curves for UL and DL are shown below:
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Both curves give zero throughput at -10dBm, the UL curve maxes out at 18dB and the DL at 26dB.
Clearly some throughput can be achieved at very low (even negative SNIR values), but what value is acceptable for cell edge for a wide area deployment?

-10dBm would results is severely compromised performance at cell edge, but the top SNIR values would limit the cell sizes considerably. A reasonable 1st estimate of the cell edge throughput is perhaps half the max throughput which in UL equates to approx. 10dB SNIR and in DL 15dB SNIR.
Adjusting the distance to achieve the target SNIT therefore gives the following budgets:

Table 2.2-1 Link budget at 7GHz
	Path
	d(m)
	PTx (dBm)
	G_ANT_TX (dBi)
	PL (dB)
	G_ANT_Rx (dBi)
	PRx (dBm)
	NF (dB)
	SNIR (dB)

	DL

	LOS
	6950
	43
	18
	-142.0
	0
	-81.0
	5
	15.0

	NLOS
	715
	
	
	-142.0
	
	-81.0
	
	15.0

	UL

	LOS
	4150
	23
	0
	-133.0
	18
	-92.0
	5
	10.0

	NLOS
	420
	
	
	-133.0
	
	-92.0
	
	10.0


Table 2.2-2 Link budget at 10GHz
	Path
	d(m)
	PTx (dBm)
	G_ANT_TX (dBi)
	PL (dB)
	G_ANT_Rx (dBi)
	PRx (dBm)
	NF (dB)
	SNIR (dB)

	DL

	LOS
	5675
	41.5
	18
	-138.5
	0
	-79.0
	7
	15.0

	NLOS
	485
	
	
	-138.5
	
	-79.0
	
	15.0

	UL

	LOS
	3380
	21.5
	0
	-129.5
	18
	-90.0
	7
	10.0

	NLOS
	285
	
	
	-129.5
	
	-90.0
	
	10.0


Table 2.2-3 Link budget at 15GHz
	Path
	d(m)
	PTx (dBm)
	G_ANT_TX (dBi)
	PL (dB)
	G_ANT_Rx (dBi)
	PRx (dBm)
	(dB)
	SNIR (dB)

	DL

	LOS
	4925
	40
	18
	-136.0
	0
	-78.0
	8
	15.0

	NLOS
	340
	
	
	-136.0
	
	-78.0
	
	15.0

	UL

	LOS
	2925
	20
	0
	-127.0
	18
	-89.0
	8
	10.0

	NLOS
	199
	
	
	-127.0
	
	-89.0
	
	10.0


Table 2.2-4 Link budget at 20GHz
	Path
	d(m)
	PTx (dBm)
	G_ANT_TX (dBi)
	PL (dB)
	G_ANT_Rx (dBi)
	PRx (dBm)
	(dB)
	SNIR (dB)

	DL

	LOS
	4150
	38
	18
	-133.0
	0
	-77.0
	9
	15.0

	NLOS
	245
	
	
	-133.0
	
	-77.0
	
	15.0

	UL

	LOS
	1900
	18
	0
	-124.0
	18
	-88.0
	9
	10.0

	NLOS
	143
	
	
	-124.0
	
	-88.0
	
	10.0


Table 2.2-5 Link budget at 24GHz
	Path
	d(m)
	PTx (dBm)
	G_ANT_TX (dBi)
	PL (dB)
	G_ANT_Rx (dBi)
	PRx (dBm)
	(dB)
	SNIR (dB)

	DL

	LOS
	2240
	33
	18
	-127.0
	0
	-76.0
	10
	15.0

	NLOS
	155.5
	
	
	-127.0
	
	-76.0
	
	15.0

	UL

	LOS
	830
	13.4
	0
	-118.4
	18
	-87.0
	10
	10.0

	NLOS
	92
	
	
	-118.4
	
	-87.0
	
	10.0


The cell size vs distance can be represented as a graph:
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The cell size is limited by the UL due to the lower PSD of the UE.

Clearly LOS path loss is much lower than NLOS and hence the distances are much larger.
The FR2 simulations are carried out with Macro cells 200m in diameter, this distance is shown on the NLOS plot and it can be seem that the NLOS UL path loss breaks this min distance at approx. 15GHz.
Summary
Looking at a simple link budget analysis it seems a x-C type base station can be used with a cell size of greater than 200m up to approx. 15GHz assuming NLOS propagation (no shadow fading). In the 7 to 10GHz region a cells size of up to 500m seems feasible.

If LOS is assumed then the cells are much larger.

As such for at least some of the frequencies in the 7-24GHz frequency range a x-C wide area base station should be considered.
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