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Introduction
As part of the Study Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to identify and evaluate potential solutions for following requirements and aspects associated with the efficient operation of integrated access and wireless backhaul for NR:
· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 
· Multi-hop and redundant connectivity
· End-to-end route selection and optimization
· Support of backhaul links with high spectral efficiency
· Support of legacy NR UEs

In order to support efficient, and optimized operation, coordination mechanisms have been proposed to be studied for IAB. This contribution analyses the requirements for IAB node coordination in different areas including discovery and measurement and time/frequency resource and power coordination.
Resource Partitioning and Coordination for IAB
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 as well as MT functionality. The relay is connected to an IAB node of a higher hop order as a MT, while the IAB node serves MTs 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 
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Figure 2: Half-duplex constraint at the relay
[bookmark: _Toc520296460]The remaining sections of this document focus on requirements and solutions for coordination across IAB nodes to enable efficient multiplexing of backhaul and access links operating on the same frequency to accommodate half-duplex constraints and avoid/mitigate interference, as captured in in TR 38.874:
Mechanisms for scheduling coordination, resource allocation, and route selection across IAB-nodes/IAB-donors and multiple backhaul hops should be studied. Semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB-nodes. The following aspects can be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity of the required signalling (e.g. TDD configuration pattern)
· Exchange of L1 and/or L3 measurements between IAB-nodes
· Exchange of topology related information (e.g. hop order) impacting the study of the backhaul link physical layer design
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination




IAB Node Discovery and Measurement
The cell discovery and based RRM measurement procedures defined in NR R15 are considered as a starting point for IAB node discovery and measurement. However, there are specific considerations which RAN1 is considering to ensure an inter-IAB node discovery procedure is designed subject to half-duplex constraint and multi-hop topologies. 
As a result, while the same physical signals may be used for both UE and IAB node discovery (including using the same cell ID), differentiation and independent configuration of the resources and/or transmission period(s) of the signals used for initial access for UEs and IAB nodes may be required. 
In this case, not only is differentiation between resources used for transmission of access and backhaul link initial access signals needed, but also between different hop orders of IAB nodes due to the half-duplex constraint. Figures 3 provides an example of such multiplexing of initial access signal transmissions between access and two backhaul link hop orders. The access synchronization signal transmissions can overlap in time across hop orders since they are intended for UEs and therefore not subject to the half-duplex constrain requirement. However, orthogonal time periods are required for the transmission of the synchronization signal transmissions intended for backhaul link discovery and maintenance with a possibly different periodicity of transmission and separately configured from the parameters/resources used by access UEs.
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Figure 3: TDM multiplexing of initial access signals between access and backhaul links (same periodicity)
Frequent transmission of SSBs can result in excessive overhead and result in undesirable scheduling restrictions on the IAB node DU since data transmissions cannot be scheduled when the IAB node’s MT function is performing measurements. Instead of relying on SSB-based RRM, the network may utilize CSI-RS for topology and route management measurements since the CSI-RS can have lower time/frequency resource overhead and can be MT-specifically configured with finer granularity than SSB-based measurements. 
As a result, conflicting SSB/CSI-RS configurations among IAB nodes need to be avoided, which acquires coordination across the IAB nodes. In addition, this configuration may need to change depending on the topology adaptation/IAB node integration procedures. 

Observation 1: IAB should support the configuration and coordination of resources for backhaul link discovery and route selection along with corresponding measurement reports across multiple backhaul hops taking into account the IAB topology and per-node half-duplex constraint.
Radio resource and frame structure coordination
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 MT PHY and 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
For example, when the donor gNB (hop 0) sends DL transmissions to the IAB node of hop order 1, said IAB node is receiving, hence it can schedule its own access UEs in the UL. Alternatively, a second order IAB node can transmit to the first order relay node when the latter is receiving from the donor node (hop 0). This implies coordination to enforce a staggered frame structure across hops as shown in Figure 4.
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Figure 4: IAB frame structure
[bookmark: _GoBack]To achieve this type of frame structure configuration, the available DL/UL resources and transmit power shared between access and backhaul links at a given IAB node - especially the hardware is shared between the MT and DU (e.g. same panel or same RF chain) need to be coordinated across the network topology, and can be further optimized depending on traffic load variations or radio measurements and scheduling benefit metrics (as in LTE eCOMP, and as proposed in [2]).
Observation 2: IAB should support coordination for the partitioning of time/frequency resources and transmit power across multiple backhaul hops including potentially the exchange of measurements, scheduling benefit metrics, and topology related information using new or existing signalling mechanisms (e.g. F1 or RRC messages). 
Conclusion
This contribution discussed requirements and solutions for coordination of radio resources for IAB related to discovery, route selection measurements, and scheduling. While details of the configurations are still being discussed in RAN1, it is important for the overall IAB architecture to be designed from the beginning with support for both IAB-node internal coordination (e.g. half-duplex constraint) and IAB network-level coordination (e.g. measurement for end-to-end route selection). 
 
Observation 1: IAB should support the configuration and coordination of resources for backhaul link discovery and route selection along with corresponding measurement reports across multiple backhaul hops taking into account the IAB topology and per-node half-duplex constraint.

Observation 2: IAB should support coordination for the partitioning of time/frequency resources and transmit power across multiple backhaul hops including potentially the exchange of measurements, scheduling benefit metrics, and topology related information using new or existing signalling mechanisms (e.g. F1 or RRC messages). 

Proposal: Capture the above observations in TR 38.874 and further study the required signalling mechanisms to achieve coordination.
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