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1 Introduction
As part of the Work Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to support solutions for efficient operation of integrated access and wireless backhaul for NR. This document provides an overview of the key operating scenarios for IAB for evaluations and the definition of requirements in RAN4.
2 IAB Operating Scenarios
An example of a network with integrated access and backhaul links is shown in Figure 1 below. The operation of the different links may be on the same or different frequencies (also termed ‘in-band’ and ‘out-band’ relays). Each IAB node has both DU functionality (IAB-DU) as well as UE-like functionality (IAB-MT). The relay is connected to an IAB node of a higher hop order in a similar way as a UE, while the IAB node serves relay UEs inside IAB nodes of lower hop orders or its own access UEs.
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Figure 1: Integrated access and backhaul links 

In addition, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint as shown in Figure 2, which means they can only do the following at any given time:

1. Receive on the access link (UE to IAB node) and/or backhaul link (IAB node to IAB node) 

2. Transmit on the access link and/or backhaul link 

[image: image2.png]






Figure 2: Half-duplex constraint at the relay

The remaining sections of this document focus on key aspects of IAB operating scenarios which should be taken into account when defining evaluation assumptions and requirements for IAB in Rel-16.

2.1 Access and Backhaul Multiplexing

A key advantage of IAB is that backhaul and access are integrated and multiplexed in the scheduler, allowing very dynamic resource allocation between the backhaul and access links (in both DL and UL directions). Even though the IAB relay node consists of two logical nodes each with its own protocol stack, the physical transceiver is shared between them. In other words the PHY of the MT and the PHY of the DU run on the same transceiver systems. The backhaul link and the access link can therefore be multiplexed in the following manner: 

1. Time Division Multiplexing: The access link and the backhaul link are time multiplexed with each other. This implies that IAB-MT PHY and IAB-DU PHY are not active simultaneously. 

2. Frequency Division Multiplexing: The access link and the backhaul link are active at the same time but on different frequency resources, e.g. on separate CC or on separate PRB on the same CC. 

3. Spatial Multiplexing: The access link and the backhaul link are active at the same time on the same frequency resources. This case further be divided in to the two following cases: 

a. Intra Panel SDM: The access and backhaul use the same panel but different spatial layers

b. Inter Panel SDM: The access and backhaul use different panels

In Figure 3, TDM partitioning is shown with DL/UL switching gaps between both the backhaul directions as well as for the access links. As described in the WID [1], TDM is the focus of Rel-16, although the specifications and requirements should be designed in such a way that they are forward-compatible for the introduction of different multiplexing methods such as SDM in a forward compatible way.
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Figure 3: TDM of access and backhaul links

From a perspective of mapping the IAB backhaul and access transmissions onto a TDD pattern (DL/UL/F resources) in the case of TDM operation, the following cases need to be considered:
· IAB DU transmission / IAB MT reception: DL resources, F resources if indicated as DL by DCI
· IAB MT transmission / IAB DU reception: UL resources, F resources if indicated as UL by DCI
Proposal 1: In case of TDM operation the following mapping of IAB node transmission/reception to a TDD pattern (DL/UL/F resources) is assumed: 
· IAB DU transmission / IAB MT reception: DL resources, F resources if indicated as DL by DCI
· IAB MT transmission / IAB DU reception: UL resources, F resources if indicated as UL by DCI
2.2 Deployment and system parameters:

Evaluating the performance of IAB operation is an important objective of the WI. Selecting the simulation assumptions is critical to balance the need for realistic modelling with a reasonable workload for conducting the evaluations. During the SI, RAN1 agreed on detailed simulation assumptions for system-level simulation evaluations covering multiple deployment scenarios including regular and random IAB node deployment, FR1 and FR2 bands, and different densities of donor nodes. 

Considering the trade-offs of the different scenarios, it is proposed to focus on a typical deployment for IAB where the gains are most readily realized and is a natural extension of existing NR deployments. In our view this corresponds to IAB nodes on a fixed hexagonal grid of 19 sites with 3 donor sites since this results in a topology with a large number of nodes 1 or 2 hops from the donor with up to 3 or 4 hops in a small percentage of cases as well. Simulations with 7 donors result in very few multi-hop links which may not be realistic for early deployments and 1 donor site may result in some topologies with a very large number of hops (7 or more) which is unrealistic from a latency perspective. In terms of carrier frequency and bandwidth assumptions, the simulations should consider FR2 (30 GHz) with 100MHz CC bandwidth (which may be aggregated up to 400MHz). 

Another key aspect of IAB is that the access and backhaul links are tightly integrated, enabling dynamic multiplexing of the traffic which can be responsive to load, interference, or other considerations. Not only may this correspond to tight integration of the access and backhaul protocol stacks, but also hardware sharing between the IAB node DU and MT functions. For example, in Figure 1, IAB node C has separate panels for backhaul and access links, with the orientation optimized for serving the different types of traffic. However, in the same figure, IAB nodes A and B have the ability to operate both access and backhaul links on the same antenna panel (of course in Rel-16 this operation is restricted by half-duplex and TDM constraints). This should be reflected in the evaluation assumptions where both shared and separate panels can be evaluated according to company preferences.
Proposal 2: Adopt the following parameters for co-existence simulations based on Table A.1-1 of TR 38.874:

	Parameters
	Homogeneous scenario (urban micro)

	Layout
	Hex. Grid

19 sites

Number of IAB-donors (Ndonor)

3

Number of IAB-nodes is 

19 – Ndonor

	Inter-BS distance 
	200m

	Topology formation
	Max RSRP of candidate parent nodes


	Carrier frequency 
	30GHz

	Duplex mode
	TDD

	Aggregated system 
bandwidth (access + backhaul)
	Up to 400MHz (DL+UL)

	Simulation bandwidth
	Per CC BW is 100MHz 

	Large-scale channel parameters
	- Micro-to-UE: UMi-Street canyon

- Micro-to-Micro: UMi-Street canyon (hUE =10m) 

- UE-to-UE: UMi-Street canyon (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 of TR38.802

The path loss for links between the IAB-node and candidate serving IAB-nodes/donors is determined based on N =3 independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading). The realization that results in the minimum pathloss between the IAB-node and the associated serving IAB-node/donor is selected.



	Fast fading parameters
	- 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

	BS Tx power 
	33dBm

EIRP should not exceed 68 dBm (*)

	BS antenna configurations
	See Table A.2.1-4 of TR38.802.

At least for the purpose of IAB evaluations, when the IAB-node has multiple panels, access and backhaul traffic can be sent on any panel, subject to the per IAB-node half duplex constraint.

	BS antenna height 
	10 m

	BS antenna element gain + connector loss
	See Table A.2.1-4 of TR38.802

	BS receiver noise figure
	7dB


3 Conclusion
This document provides an overview of the key operating scenarios for IAB. The following proposal was made:
Proposal 1: In case of TDM operation the following mapping of IAB node transmission/reception to a TDD pattern (DL/UL/F resources) is assumed: 
· IAB DU transmission / IAB MT reception: DL resources, F resources if indicated as DL by DCI
· IAB MT transmission / IAB DU reception: UL resources, F resources if indicated as UL by DCI
Proposal 2: Adopt the following parameters for co-existence simulations based on Table A.1-1 of TR 38.874:

	Parameters
	Homogeneous scenario (urban micro)

	Layout
	Hex. Grid

19 sites

Number of IAB-donors (Ndonor)

3

Number of IAB-nodes is 

19 – Ndonor

	Inter-BS distance 
	200m

	Topology formation
	Max RSRP of candidate parent nodes


	Carrier frequency 
	30GHz

	Duplex mode
	TDD

	Aggregated system 
bandwidth (access + backhaul)
	Up to 400MHz (DL+UL)

	Simulation bandwidth
	Per CC BW is 100MHz 

	Large-scale channel parameters
	- Micro-to-UE: UMi-Street canyon

- Micro-to-Micro: UMi-Street canyon (hUE =10m) 

- UE-to-UE: UMi-Street canyon (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 of TR38.802

The path loss for links between the IAB-node and candidate serving IAB-nodes/donors is determined based on N =3 independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading). The realization that results in the minimum pathloss between the IAB-node and the associated serving IAB-node/donor is selected.



	Fast fading parameters
	- 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

	BS Tx power 
	33dBm

EIRP should not exceed 68 dBm (*)

	BS antenna configurations
	See Table A.2.1-4 of TR38.802.

At least for the purpose of IAB evaluations, when the IAB-node has multiple panels, access and backhaul traffic can be sent on any panel, subject to the per IAB-node half duplex constraint.

	BS antenna height 
	10 m

	BS antenna element gain + connector loss
	See Table A.2.1-4 of TR38.802

	BS receiver noise figure
	7dB
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