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1 Introduction
The IAB link benefits from having directional antennas on both ends off the link so should have more gain than in an access link to a UR. However the purpose of the backhaul is to provide a high throughput link so it is preferable that IAB has a good SINR.

These issues and a general link budget are further investigated in this paper.
2 Discussion
In the simulations defined so far for IAB, the IAB node has been considered to be a “micro” type BS. The link budget has the following parameters:
2.1 Parameters

Antenna gain

The antenna defined for the simulations is based on a 3 panel omni design which can switch between 3 panels with 120° orientation to achieve a pseudo omni pattern.
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Figure 1: 3 panel omni antenna for IAB node
For the simulations each panel in the antenna is defined as 8x16 element with 0.5λ spacing. As such the max gain (assuming 18.8dB loss) of each panel is approx. 24dBi. The overlap between panels gives a ripple of 4dB [1].

Micro generally refers to a medium area BS but for FR2 there are currently no power limits associated with BS classes however there are different ranges for the receiver sensitivities based on the assumption that different BS classes will have different size antennas. The range is quite wide however, for medium area the range is 5 to 28dBi. As the simulation scenarios are generally dealing with coverage we would expect the gain to be in the high end of this range (which it is). So the antenna is broadly as we would expect for a micro BS.

Note in practice it is likely that polarisation diversity would be used, however for RAN4 simulations we usually assume the polarisation is matched and hence polarisation diversity would not improve the link. It may result in addition transmitted power but this can be accounted for by increasing the TX power. This simplifies the scenarios as only 1 polarisation needs to be considered.
Transmitter output power

In previous simulations FR2 micro output power is assumed to be 33dBm. 

For the dense Urban simulations the macro power is also required (this acts as an IAB parent) this is assumed to be 43dBm (note in co-channel simulations (TR 38.874) 40dBm was assumed but also polarisation diversity was assumed so the total power should be the same).
SNIR

Throughput is calculated as:
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Where:


S(SNIR)   Shannon bound, S(SNIR) =log2(1+SNIR)  bps/Hz
(


Attenuation factor, representing implementation losses
SNIRMIN  
Minimum SNIR of the code set, dB
SNIRMAX  Maximum SNIR of the code set, dB
Where:
Table 5.2.7-1: Parameters describing baseline Link Level performance for 5G NR

	Parameter 
	DL 
	UL 
	Notes 

	α, attenuation 
	0.6 
	0.4 
	Represents implementation losses 

	SNIRMIN, dB 
	-10 
	-10 
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL) 

	SNIRMAX, dB 
	30 
	22 
	Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL) 


This results in the following:
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Figure 2: NR throughput vs SNIR
The UL tops out at 3 bps/Hz whereas the DL is capable of 6 bps/Hz, if used as IAB its interesting to know if the UL is improved to match the DL? For the purpose of this budget however lets assume the DL.

In order to maintain the best possible throughput at least 30dB SNIR is required.

Path loss
IAB links should find the best link possible, which implies the lower path loss. In addition for Micro scenarios it is assumed that the Micro BS (IAB node) and the macro BS (IAB parent) are outside and elevated. As such it may be reasonable to assume FSPL.

In TR 37.843 it assumed the following:

- Macro to micro: 5GCM UMa O-to-O; ASA and ZSA statistics updated to be the same as ASD and ZSD for UMi-Street canyon; ZoD offset = 0

- Micro to Micro: UMi-Street canyon O-to-O (hUE =10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

In 38.803 we define:
	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


Assuming 25m Macro BS height, 10m micro BS/IAB node height and 200m ISD we have the following:
	Scenario
	PL model
	d_3d
	PL
	shadow fading
	95% worst case

	
	
	m
	dB
	dB
	dB

	Macro to Micro
	Uma LOS
	200.6
	108.0
	4.0
	115.7

	
	Uma NLOS
	200.6
	128.0
	6.0
	139.6

	Micro to micro
	Umi LOS
	200.0
	110.3
	4.0
	118.0

	
	Umi LLOS
	200.0
	132.5
	7.8
	147.7


2.2 Link budget
2.2.1 Dense Urban

For the Dense urban for an IAB parent (macro BS) to an IAB node (micro like BS)
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The required power to maintain the maximum throughput is given by:
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The IAB node antenna has 4dB max pointing loss [1] and the macro BS parent can be assumed to have 3dB pointing loss as its assumed the IAB node in placed in its coverage area. The BS NF is 10dB.

For LOS case:
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For NLOS case
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For the LOS sight case both the IAB parent (Macro BS) and the IAB node have more than enough power to provide the maximum bit rate to a 95% probability.

For NLOS the Parent BS has 43dBm which will give approx. 66% probability that the maximum throughput can be achieved (more if the statistical probability of the pointing error being maximum is considered).

Of course according to figure 4 the UL tops out at 22dB rather than 30dB so in this case the maximum throughput is lower but only requires an IAB TX power (NLOS 95%) of approx. 40dBm, so in this case the loss due to the lower output power is less.
2.2.2 Urban micro
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For LOS case:
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For NLOS case
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Once again the NLOS case has lots of margin considering an IAB node TX power of 33dBm. The NLOS case again will suffer throughput loss depending on the shadow fading assumptions and the pointing error. Assuming no pointing error and 0dB shadow fading the link can just maintain maximum throughput.
As the NLOS performance is based on probability, it should also be considered that in the urban micro deployment there are 6 IAB nodes at the ISD so the probability of NLOS is reduced by 6.

3 Summary
This paper looks at a simple link budget for the IAB dense urban and urban micro scenarios. The throughput and the co-channel interference is not the purpose of the RAN4 study but it is useful to have a general understanding of the link budget.

For LOS there is excess power in both the IAB parent and IAB node, however when considering NLOS it is not possible to always maintain the maximum throughput with the specified output power. 

There are a number of statistical parameters therefore which will influence the throughput

· LOS probability

· Shadow fading loss

· Antenna direction and pointing loss

· IAB routing

The analysis also does not consider co-channel interference (although if nodes have higher power then co-channel interference should increase linearly).
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