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1 Introduction
There are some common understandings in RAN4 now on reusing the BS classes on IAB access link. However, there is no clear view how to define an IAB node class combing both IAB MT backhaul link and IAB access link. The current TR structure is reusing the OTA and conducted requirements, and this is based on previous agreement that BS spec should be reused on IAB access link.
In this paper, we discuss on the IAB class generally combining both IAB MT backhaul link and IAB access link and present our view on this aspect.
2 Discussion
2.1 Regulatory aspect
In the context of the discussion of IAB class, it is unavoidable to discuss how to view the IAB node in relation to either BS or UE. In current European IMT cellular network regulatory spec, only BS node or Mobile UE apply and no IAB type of node available. Some definition of base station and mobile station in ITU [1] is as follows:

1.61  station: One or more transmitters or receivers or a combination of transmitters and receivers, including the accessory equipment, necessary at one location for carrying on a radiocommunication service, or the radio astronomy service.

  Each station shall be classified by the service in which it operates permanently or temporarily. 

1.67  mobile station: A station in the mobile service intended to be used while in motion or during halts at unspecified points.
1.69  land station: A station in the mobile service not intended to be used while in motion.
1.71  base station: A land station in the land mobile service.

1.72  base earth station: An earth station in the fixed-satellite service or, in some cases, in the land mobile-satellite service, located at a specified fixed point or within a specified area on land to provide a feeder link for the land mobile-satellite service.

1.73  land mobile station: A mobile station in the land mobile service capable of surface movement within the geographical limits of a country or continent. 
In R16, fixed location IAB node as network node will be specified and according to above ITU definition, the IAB node should be qualified as base station as it is not intended to be used while in motion. 
Then the question comes how to interpret IAB MT when IAB MT operate on uplink time slot for transmission and downlink time slot for receiving? The nature of the ITU definition does not relate to which time slot the node is operating, rather it provides two basic rules on classifying the type of node:
1. The service in which it operates permanently or temporarily

2. Intend to be used while in motion or during halts at unspecified points or not

Based on above ITU classification, the IAB node will provide service permanently (as it has access link) with a fixed position installation not intended to move. 
Proposal -1: IAB node in R16 as a network node should be defined as base station according to the ITU definition.

ECC has several reports [2][3] on the unsynchronized and semi-synchronized BS operation both at 3.5GHz and 26GHz with below recommendation for mitigation BS-BS interference [2] for FR1:

Interference due to unsynchronized operation can be partly mitigated by adopting the following solutions individually or in combination:

 Adoption of a guard band and operator-specific filtering between the adjacent spectrum assignments associated with the interfering network and the victim network;

 Geographic separation between the interfering network and the victim network;

 Alternative network topologies to macro-cellular networks:

 Micro BS networks;

 Indoor BS networks;

 Semi-synchronized operation.
For FR2, ECC draft report[3] has below conclusion:

The report provides options for options for synchronisation, in particular, to enable unsynchronised and semi-synchronised operation of MFCN in the 24.25-27.5 GHz band.

The report concludes that for indoor deployments unsynchronised operation is possible using equipment complying to the baseline requirements. I.e. for indoor deployments it is not necessary to synchronise the network any other network.
For outdoor deployments, synchronization is not necessary if a separation distance between BS from different operators of at least [X] m is maintained.

Observation-1: Regulator allows the unsynchronized and semi-synchronized BS operation in TDD network with possible interference mitigation solution.
Based on above observation, it can be concluded that it is no problem to view the IAB as a BS with semi-synchronized TDD operation when IAB MT transmit on uplink time slot or receive at downlink time slot from co-existing perspective. Such IAB MT operation could be subject to power control and this will be additional mitigation technique that IAB operate in semi-synchronized TDD mode [4] to reduce the BS-BS interference. 
Proposal-2: IAB node acting a BS node can operate at semi-synchronized TDD from co-existing perspective.

2.2 Minimum distance
Traditionally in BS class definition, the Minimum couple loss is defined for different BS classes to specify the minimum distance between the BS and UE of the same operator. As it is common understanding that IAB DU should reuse BS spec, the minimum distance between IAB to UE for access link also should be reused.

Observation-2: For IAB node to UE of the same network, reusing the minimum distance from BS spec should apply.

By this definition, it also implies that the ISD between two BS at least two times of BS-UE distance for non-co-located BS:s and this is widely used as basic co-existing simulation assumption for the deployment of same type of BS (hexagonal topology for one network layer for homogeneous scenario). As the IAB node has an IAB DU acting as BS, the IAB-DU to IAB-DU should be similar with the micro to micro ISD which at least double the distance of IAB DU coverage. Another aspect is that if the IAB node is belonging to another network, then this IAB node could operate in semi-synchronized TDD mode where the victim IAB node need to tolerate the interference from another aggressor IAB node from another operator without the mitigation using power control anymore.
Observation-3: The minimum distance should be specified between IAB node to IAB node for homogeneous deployment.
Then the next question is, what is the minimum distance between IAB node and IAB donor, where the IAB donor can be a macro BS for heterogeneous scenario. In [4], it concluded as below for 0% grid shift scenario:
“It was concluded that if dynamic TDD is operated at co-located base stations, during subframes in which the victim BS is receiving uplink whilst an aggressor BS is transmitting downlink the victim BS receiver would fail due to interference from the aggressor. No simulation analysis is required for the co-located base station scenario, since the uplink receiver blocking will occur in all subframes for which one BS receives whilst the other transmits.”

Observation-4: It is not possible for IAB node to be co-located with another BS operating in adjacent carrier in heterogeneous scenario.
Traditionally, the BS has co-location requirement to tolerate the interference from other co-located BS. As the IAB node cannot tolerate the co-located BS interference, it is then an open question on how far such tolerance should be met and the following factors should be considered for defining the minimum distance based on R15 NR hardware.
1. UE blocking requirement when IAB node equipped with UE receiver hardware for IAB MT

2. BS blocking requirement when IAB node equipped with BS receiver hardware for IAB MT (shared Hardware architecture)

3. based on the different deployment scenario 
As current BS spec specifies 35 m of minimum distance from macro BS to UE, it seems not be problem for IAB node if option 1 is taken into consideration with current 40m minimum distance assumption from receiving perspective. However, it can be argued what this implies, as the UE receiver is based on omni-direction antenna while IAB node is antenna array. For option 2, it means that the pathloss will be between 112dB to 135 dB which corresponding to minimum distance of 40 meter to 350 meter depending on the EISREFSENS50M declared for the BS for FR2. The concept of fixed minimum distance does not work as different blocker levels can be handled by the BS depending how the BS declare its EIS. So, setting the different minimum distance according to different deployment scenario would be a feasible way.
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Figure 1: minimum distance for heterogeneous scenario when BS blocking requirement considered.
Observation-5: current minimum distance of 40m between IAB node and macro BS mandating a UE type hardware in IAB node and so excluding the shared architecture possibility of the IAB node.
Proposal-3: RAN4 should discuss the different minimum distance in the context of different deployment scenarios.
Hence, there are three minimum distances characterising the IAB deployment, namely
1. Minimum distance between IAB to UE of the same network
2. Minimum distance between IAB node to IAB node for homogeneous deployment (or ISD for IAB DU to another IAB DU belonging to the same or difference network)
3. Minimum distance between micro IAB to Macro BS of the same or different network for heterogeneous deployment
2.3 Coverage aspects
With IAB MT equipped with same antenna array size as the IAB DU, the distance between IAB DU to IAB DU can even be increased. This is further explained in Figure 2. Since the IAB MT has the same antenna array size as IAB DU, the coverage for IAB MT is increased, allowing it to be placed at a distance far beyond the access link coverage of the IAB DU. However, the coverage of the IAB MT will be limited by the IAB MT transmit power. It can be easily seen that if IAB MT transmit power is not identical to the IAB parent node DU transmit power, the IAB backhaul link coverage will be subject to the uplink link budget.
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Figure 2: IAB access link and backhaul link coverage comparison

In another companion paper [9], we have shown the concern that IAB MT maximum transmit power could be limited to protect the nearby NR BS. Another limitation comes to the regulation aspect where the interference mitigation should be used to reduce the BS-BS interference. On top of that, once the IAB MT maximum power is decided, it will indirectly decide the min Tx power due to limited dynamic range and so relate to the minimum distance to the IAB donor node. To specify a fixed IAB MT power like PC3 of UE will limit the deployment usage of the IAB node if IAB MT can transmit more power for example using the downlink time slot for transmission and operator gain more backhaul coverage area or gain the increase SINR in non line of sight scenario. According to such consideration, in our view, vendor should declare the IAB MT maximum power in the same way as IAB DU power declaration.

Proposal-4: IAB MT maximum power should be declared in the same way as IAB DU power declaration.

2.4  IAB class definition
The IAB node needs to consider the minimum distance definition and the maximum transmission power for IAB MT. This would be applicable for both IAB DU and IAB MT as they connect to different cells. This means that the IAB node class cannot be decided only on IAB DU side. At the same time, it would not be easy to define a fixed minimum distance to macro BS as it is related to the BS declared REFSENS for relevant in-band blocking requirements. It’s neither not easy to define a fixed IAB MT transmit power considering different design constraints and according to this, we believe IAB MT class should be defined considering the below design parameters as a starting point:
1. Minimum distance from IAB node to macro BS of the same or difference network for heterogeneous deployment
2. Minimum distance from IAB node to IAB node of the same or different network
3. IAB MT maximum transmit power

The BS rated power is as below in 38.104.
The BS rated carrier TRP output power for BS type 1-O shall be within limits as specified in table 9.3.1-1.

Table 9.3.1-1: BS rated carrier TRP output power limits for BS type 1-O
	BS class
	Prated,c,TRP

	Wide Area BS
	(note)

	Medium Range BS
	≤ + 47 dBm

	Local Area BS
	≤ + 33 dBm

	NOTE:
There is no upper limit for the Prated,c,TRP of the Wide Area Base Station.


There is no upper limit for the rated carrier TRP output power of BS type 2-O.

To be consistent with IAB DU class definition, there is no need to define the IAB MT upper limit neither for FR2, while for FR1, the rated carrier TRP output power can be the same for IAB MT.

Proposal-5: no upper limit for rated carrier TRP output power for IAB MT for FR2, reuse the same rated power for different BS class for FR1.
2.4.1 IAB deployment scenario

Till now, the assumption is that IAB DU is aiming for micro BS deployment, but this is no discussion on how the IAB MT map to different deployment scenario so it is not clear what the deployment scenario IAB MT is aiming and below we focus on the possible deployment scenario considering both IAB MT and IAB DU.
Observation-6: It is not clear what deployment scenario of  IAB MT is aiming in current RAN4 discussion.
The IAB can have either coverage or capacity enhancement type of deployment. To provide extended coverage, it will be preferable that IAB node could provide long distance backhaul while for capacity enhancement, the limited backhaul distance could be acceptable. Defining the IAB MT for extended coverage with macro class should not be controversial as this most likely relate to the long distance and high maximum couple loss link budget as the same as Macro BS.
Therefore, it will be easier to start with reusing the BS classes definition for discussion of the different deployment scenario of IAB MT. The IAB MT class could defined what it intended to be used (indoor/outdoor, distance to the IAB parent (wide area, medium range, local area), antenna height etc) Whatever apply to installation condition for IAB DU, it will be the same for IAB MT because IAB MT is integrated with IAB DU in the same box. The IAB MT coverage is similar of ISD of the IAB DU which is around two times of IAB DU cell size assume a reasonable IAB MT link budget. So based on the same install condition and larger coverage of the IAB MT than IAB DU,  IAB MT and IAB DU could be regarded as at least the same class or same deployment scenario.

Observation-7: IAB MT and IAB DU could belong to the same BS class as they are integrated in same box with the same installation condition.

Table 1 lists the MCL calculation on the different IAB-MT power setting (55 dBm or 24 dBm). It can be observed that if the target SINR of 22 dB is to be fulfilled, reducing the IAB-MT power from 57 dBm to 24 dBm will reduce the distance from IAB node to its IAB donor from 1200meters to 40 meters taking account reasonable path loss calculation. As indicated from link budget calculation, it would not be necessary to have more transmit power on IAB MT combined with large antenna array size to be deployed in a close distance to its IAB parent. On the other hand, more IAB MT power will be needed if antenna array size is reduced. In 38.817-2, the EIS can be declared differently according how the base station is deployed, for example, the smaller antenna array could be enough to deploy a small cell size for the same macro BS. Then it will be vendor to declare how to support this deployment scenario based on declared EISREFSENS_50M.
Proposal-6: BS class definition could be reused for IAB MT as a starting point to discuss deployment scenario.
Proposal-7: RAN4 to discuss which IAB MT class should be specified in R16 scope.
Table 1: Link budget on the different IAB-MT output power

	Deployment scenario
	 IAB-MT to IAB donor
	 IAB-MT to IAB donor

	Frequency and SCS
	28GHz, 120kHz
	28GHz, 120kHz

	Channel Bandwidth (MHz)
	100
	100

	Channel 
	PUSCH (120kbps)
	PUSCH (120kbps)

	Transmitter
	 
	 

	(1) Tx EIRP power  (dBm)
	57 
	24

	Receiver
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (MHz)
	95.04
	95.04

	(6) Effective noise power
	 
	 

	         = (2) + (3) + (4) + 10 log(5)  (dBm)
	-89.22
	-89.22

	(7) Required SINR (dB)
	22
	22

	 Thoughput ( Mbps) @ required SINR
	420
	420

	(8) Receiver signal level
	 
	 

	         = (6) + (7) (dBm)
	-67.22
	-67.22

	 
	 
	 

	(9) Reciever Antenna Gain IAB  [dBi]
	24.07
	24.07

	    Antenna Array element gain (IAB, IAB donor)
	3
	3

	     # of antenna element ( IAB, IAB donor)
	128
	128

	(10) TX Antenna Gain IAB  [dBi]
	24.07
	24.07

	     Antenna Array element gain (IAB)
	3
	3

	     # of antenna element (IAB)
	128
	128

	(11)Maximum Coupling loss (dB)
	86
	86

	MCL (dB)
	 
	 

	    = (1) -(8) + (9) 
	148.29
	115.29

	(12) Distance to IAB donor (Meters)
	 
	 

	d2d 
	1200
	40

	 (a) 5G Path loss model ( 3D-Uma LOS (SF=4) 3GPP 38.901)
	118
	86.7

	 (b) Penetration loss (outdoor -> indoor)
	0.00
	0.00

	 (c) slow fading margin 
	7
	7

	  (d) Foliage loss 
	17
	17

	(e) body block loss
	0
	0

	(f) Rain/ice margin
	3
	3

	(g) interferance margin
	1
	1

	Total Path loss =
	 
	 

	(a) + (b) + (c) + (d)+ (e) +(f) + (g) 
	146
	114.70


3 Conclusions

In this contribution, we present our view on IAB classes with below observation and proposal:
Proposal -1: IAB node in R16 as a network node should be defined as base station according to the ITU definition.

Observation-1: Regulator allows the unsynchronized and semi-synchronized BS operation in TDD network with possible interference mitigation solution.

Observation-2: For IAB node to UE of the same network, reusing the minimum distance from BS spec should apply.

Observation-3: The minimum distance should be specified between IAB node to IAB node for homogeneous deployment.

Observation-4: It is not possible for IAB node to be co-located with another BS operating in adjacent carrier in heterogeneous scenario.
Observation-5: current minimum distance of 40m between IAB node and macro BS mandating a UE type hardware in IAB node and so excluding the shared architecture possibility of the IAB node.
Proposal-3: RAN4 should discuss the different minimum distance in the context of different deployment scenarios.

Proposal-4: IAB MT maximum power should be declared in the same way as IAB DU power declaration.

Proposal-5: no upper limit for rated carrier TRP output power for IAB MT for FR2, reuse the same rated power for different BS class for FR1.
Observation-6: It is not clear what deployment scenario of  IAB MT is aiming in current RAN4 discussion.
Observation-7: IAB MT and IAB DU could belong to the same BS class as they are integrated in same box with the same installation condition.
Proposal-6: BS class definition could be reused for IAB MT as a starting point to discuss deployment scenario.
Proposal-7: RAN4 to discuss which IAB MT class should be specified in R16 scope.
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