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Introduction
RAN1 has discussed support of integrated access and backhaul (IAB) for NR, and has concluded to study mechanisms for joint operation of access and backhaul, including multi-hop and multi-site connectivity [1, 2]. This contribution discusses a key forward compatibility issue related to operation of NR systems with integrated access and backhaul in mmWave frequencies. 
Discussion
Operating NR systems in mmWave spectrum presents some unique challenges. MmWave systems may experience severe short-term blocking that cannot be readily mitigated by RRC-based handovers. This is because RRC-based handovers operate over larger time scales compared to short-term blocking. Overcoming short-term blocking in mmWave systems may require fast layer-2 based switching between TPs, much like dynamic point selection. 
Furthermore, the native deployment of massive MIMO systems in NR also creates an opportunity to develop and deploy integrated access and backhaul links. This may allow easier deployment of a dense network of self-backhauled NR cells in a more integrated manner. An example illustration of a network with such integrated access and backhaul links is shown in Figure 1, where relay nodes (rTRPs) can multiplex access and backhaul links in time, frequency, or space (e.g. beam-based operation).
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Figure 1: Integrated access and backhaul links 
The above described need to mitigate short-term blocking for NR operation in mmWave spectrum along with the desire for easier deployment of self-backhauled NR cells creates a need for the development of an integrated framework that allows fast layer-2 based access and backhaul switching. Some of the key requirements of such a framework are as follows:
· 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) for both FDD and TDD operation.
· Depending on the network architecture, the scheduling of backhaul links may be performed by a central node (e.g. an aggregation point) or may be distributed across multiple nodes, requiring over-the-air coordination and exchange of resource allocation/route selection information.
· Low-latency control and data planes to accommodate dynamic route selection (faster than RRC time scales) and latency-sensitive traffic. This is required for operation at mmWave frequencies to find an alternate route to the UE when the current route is blocked. Since blocking in mmWave happens over short time-scales, this backhaul route switching should be built into the MAC layer rather than depending on RRC signaling. 
· Single hop and multi-hop connectivity: For example in Figure 1, if Node A is an anchor point (e.g. with a wired connection to the core), it provides single hop connectivity to Nodes B and C. If Node C is the anchor point, it can serve Node A with a single hop, but multi-hop connectivity is required for serving point B. It is noted that the routes may be adapted depending on multiple factors including traffic loads and propagation variations (e.g. blockage events at high-frequencies). 
We strongly believe that in order for NR to support such above described integrated access and backhaul framework, current NR design decisions must be made with the awareness of not precluding support for integrated access and backhaul related features in the future. Therefore, in order to ensure forward compatibility, RAN2 should consider performing a preliminary study to assess support for layer-2 based multi-hop and multi-site connectivity with integrated access and backhaul links for NR. 

Observation 1: Deployment of NR systems in mmWave spectrum may require fast layer-2 based switching between TPs in order to mitigate short-term blocking.
Observation 2: An integrated access and backhaul framework is an effective way of enabling fast layer-2 based switching to mitigate short-term blocking while enabling efficient deployment of self-backhauled NR cells.
Observation 3: If current NR design decisions are made without consideration for integrated access and backhaul support in the future, forward compatibility could be jeopardized.

Proposal 1: RAN2 should consider performing a preliminary study to assess support for layer-2 based multi-hop and multi-site connectivity with integrated access and backhaul links for NR.

The RAN1 conclusion to study mechanisms for joint operation of access and backhaul links for NR included the following [2]:
·  Mechanism for integration of new TRPs/RNs carrying integrated backhaul and access functionalities
· Mechanisms for discovery and management of backhaul links for the connected TRP/relay nodes (if supported) with integrated backhaul and access links
Especially in the case of in-band operation of backhaul and access links there are a few challenges to designing a common initial access framework. Due the half-duplexing constraint rTRP nodes can only do the following:
1. Receive on the access link (UE to rTRP) and/or backhaul link (rTRP to rTRP) at any given time
2. Transmit on the access link and/or backhaul link at any given time 
As a result, while the same physical signals may be used for both UE and rTRP 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 rTRPs may be required. Furthermore, unlike LTE-based relays, multi-hop backhauling and multi-site connectivity should be supported. In this case a node which is connected to wired backhaul can be considered as a donor node and transport of data for a target UE may traverse multiple hops of backhaul links. An example tree topology with three different hop orders is shown in Figure 2.
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Figure 2: Multi-hop IAB topology 
Based on the above discussion, it is evident that from a RAN2 perspective, supporting such an integrated access and backhaul framework could have an impact on the design of initial access and RRM procedures for NR. As a result the design of such procedures needs careful consideration in order to ensure forward compatibility. 

Proposal 2: RAN2 should also study impact of supporting integrated access and backhaul links in the design of initial access and RRM procedures for NR
Conclusion 
In this contribution, we highlighted a key forward compatibility issue related to operation of NR systems with integrated access and backhaul in mmWave frequencies. RAN2 is requested to consider performing a preliminary study to assess support for layer-2 based multi-hop and multi-site connectivity with integrated access and backhaul links for NR The following observations were made, leading to the below listed proposals:

Observation 1: Deployment of NR systems in mmWave spectrum may require fast layer-2 based switching between TPs in order to mitigate short-term blocking.
Observation 2: An integrated access and backhaul framework is an effective way of enabling fast layer-2 based switching to mitigate short-term blocking while enabling efficient deployment of self-backhauled NR cells.
Observation 3: If current NR design decisions are made without consideration for integrated access and backhaul support in the future, forward compatibility could be jeopardized.

Proposal 1: RAN2 should consider performing a preliminary study to assess support for layer-2 based multi-hop and multi-site connectivity with integrated access and backhaul links for NR.
Proposal 2: RAN2 should also study impact of supporting integrated access and backhaul links in the design of initial access and RRM procedures for NR
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