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1 Introduction

A new study item on “Integrated Access and Backhaul for NR” was approved in RAN#78 [1]. Detailed objectives of the study item are as follows: 

· Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3], e.g.

· Protocol stack and network architecture design (including interfaces between rTRPs) considering operation of multiple relay hops between the anchor node (e.g. connection to core) and UE 

· Control and User plane procedures, including handling of QoS, for supporting forwarding of traffic across one or multiple wireless backhaul links

· Route selection and optimization [RAN2, RAN1, RAN3], e.g.

· Mechanisms for discovery and management of backhaul links for TRPs with integrated backhaul and access functionalities
· RAN-based mechanisms to support dynamic route selection (potentially without core network involvement) to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links

· Evaluate the benefit of resource allocation/route management coordination across multiple nodes, for end-to-end route selection and optimization.

· Dynamic resource allocation between the backhaul and access links [RAN1, RAN2], e.g., 

· Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time, frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation 

· Cross-link interference (CLI) measurement, coordination and mitigation between rTRPs and UEs

· High spectral efficiency while also supporting reliable transmission [RAN1]
· Identification of physical layer solutions or enhancements to support wireless backhaul links with high spectral efficiency

· Note: support of these functionalities should consider existing mechanisms for access links as a starting point
In RAN1#92b, it was further agreed that [2]:
Agreements:

· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.

· Two cases: (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied. 

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 

· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.

· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.

This contribution discusses necessary enhancements from NR phase 1 access link standards in order to support NR IAB in a high level.
2 Discussions 
Resource partitioning for access link and backhaul link
In general, there are two types of relays such as inband relay and outband relay. For outband relay, access link and backhaul link have separate orthogonal resources. But, for inband relay, access link and backhaul link should share a resource in a time, frequency or spatial domain manner. Therefore, one of the main objectives for IAB is to provide mechanisms to efficiently multiplex the access and backhaul links in time, frequency, or space for the inband relay and then it should guarantee there is no impact on NR UE operations by such mechanisms. Taking into account already specified NR phase 1 standards for access links, there are several ways to achieve semi-static or dynamic resource partitioning between access and backhaul links without impacts on NR UE operations. For example, reserved resource by RRC signalling and/or L1 signaling can be utilized to reserve resources for backhaul links. Also, some BWPs from BWP configurations by RRC signalling can be utilized to reserve resources for backhaul links. Therefore, it seems that NR phase 1 access link standards can be reused to reserve resources for backhaul link and then can be a starting point to study ways to achieve efficient multiplexing between access and backhaul links.
Observation 1: NR phase 1 standards can be a starting point to study ways to achieve efficient multiplexing between access and backhaul links.
IAB inter-relay backhaul link discovery and maintenance
One of the main objectives for IAB is to provide RAN-based mechanisms to support dynamic route selection to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links under half-duplex constraint. In [3], there are three RA (Resource Allocation) modes defined, namely TDM, FDM and SDM. No matter which RA scheme is applied, there always exists a problem for backhaul links discovery and management, especially for mmWave where the links can be easily blocked 

Here we take SDM as an example. As shown in the below figure, rTRP B can receive from or transmit to donor TRP/gNB and UE simultaneously but cannot do both under the half-duplex constraint. Since mmWave links are prone to blockage, some backup links are needed so that the transmission can be switched to the backup links in case of blockage. For example, if BH link B is blocked, BH link AB can serve as a backup link so that the data can be transmitted from Donor TRP to rTRP A via BH link A, from rTRP A to rTRP B via backup BH link AB and then to the UE via the access link B finally. 
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Figure 1: Backup BH links

In order to have fast route switching when blockage happens, the inter-relay link between A and B, i.e., the backup backhaul link, should be discovered and monitored. However, there are some potential issues under half-duplex constraint. Figure 2 shows an example of the frame structure for SDM, where S is the gap frame between DL and UL. Here we assume both backhaul links and access links are using mmWave. 
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Figure 2: Frame structure

Under the assumption of the half-duplex constraint, i.e., backhaul DL/UL is aligned with the access UL/DL, rTRP A and B are always transmitting or receiving at the same time, which makes it impossible for either A or B to discover or monitor the inter-relay link because that requires one node to transmit and another receive. Therefore, the questions are how to discover measure/report and maintain the backup BH link AB shown in Figure 1 and how to minimize the distortion to other operations such as initial access, synchronization, random access.
Proposal 1: Study how to support backup BH links such as initial access, synchronization, random access, and CSI measurement/reporting.

Observation 2: For inter-relay link discovery and measurement/report, half-duplex constraint needs to be taken into consideration and distortion to other operations should be minimized.   

In the synchronization stage, SSBs are transmitted periodically in the DL. SSBs are cell-specific and it can sweep to many possible directions, which makes it suitable for inter-relay link discovery. However, it might require some coordination of SSB configuration between rTRPs to make sure that when one rTRP transmits, another rTRP can receive to measure the RSRP of SSBs. 
Proposal 2: Study how to support inter-relay link discovery, measurement and reporting using SSB.
The coordination of SSBs between rTRPs can be done via following approaches.

· Resource allocation coordination: the resource allocation between backhaul and access links and between UL and DL can be coordinated to guarantee that one rTRP receives in one time slot and another transmits SSBs in the same time slot so that the inter-relay link discovery and channel measurement can be done;

· SSB muting: the SS bursts of different nodes are aligned and some of the SSBs in one SS burst can be muted so that one rTRP can receive while other nodes transmit SSBs;

It should be noted that the problem identified above not only exists between relays with the same hop number but also between relays both with odd hop number or even hop number. In this regard, the hop number information is important to the coordination and should be known by the coordinating node.
Proposal 3: Consider following SSB coordination approaches taking hop number into consideration:

· Resource allocation coordination: the resource allocation between backhaul and access links and between UL and DL can be coordinated to guarantee that one rTRP receives in one time slot and another transmits SSBs in the same time slot so that the inter-relay link discovery and channel measurement can be done;

· SSB muting: the SS bursts of different nodes are aligned and some of the SSBs in one SS burst can be muted so that one rTRP can receive while other nodes transmit SSBs.

3 Conclusions 

This contribution discusses necessary enhancements for NR IAB in a high level and then proposes the following depending on the discussion:
Observation 1: NR phase 1 standards can be a starting point to study ways to achieve efficient multiplexing between access and backhaul links.
Proposal 1: Study how to support backup BH links such as initial access, synchronization, random access, and CSI measurement/reporting.
Observation 2: For inter-relay link discovery and measurement/report, half-duplex constraint needs to be taken into consideration and distortion to other operations should be minimized.   
Proposal 2: Study how to support inter-relay link discovery, measurement and reporting using SSB.
Proposal 3: Consider following SSB coordination approaches taking hop number into consideration:

· Resource allocation coordination: the resource allocation between backhaul and access links and between UL and DL can be coordinated to guarantee that one rTRP receives in one time slot and another transmits SSBs in the same time slot so that the inter-relay link discovery and channel measurement can be done;

· SSB muting: the SS bursts of different nodes are aligned and some of the SSBs in one SS burst can be muted so that one rTRP can receive while other nodes transmit SSBs.
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