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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

This contribution discusses specific use cases and scenarios and IAB which should be prioritized to be addressed in the study item along with corresponding enabling technology feature building blocks.
IAB Use Cases
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). While efficient support of out-band relays is important for some NR deployment scenarios, it is critically important to understand the requirements of in-band operation which imply tighter interworking with the access links operating on the same frequency to accommodate duplex constraints and avoid/mitigate interference.  
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Figure 1: Integrated access and backhaul links 
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). As a result, the duplex constraint at the relay is an important factor when considering how to multiplex access and backhaul links. This consideration becomes even more critical as we support multiple hops of backhaul links, each with a similar duplex constraint. Specifically, the latency/overhead introduced by orthogonal partitioning of resources in either time or frequency should be carefully considered. Especially for mmWave frequencies which are typically TDD, a very practical scenario for initial IAB deployments is to enforce a half-duplex constraint at the relay, wherein the nodes transmit on the access link and/or backhaul link at any given time. 
In Figure 2, TDM partitioning is shown with DL/UL switching gaps between both the backhaul directions as well as for the access links while a guard band is introduced between backhaul subframes in the case of FDM. 
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[bookmark: _Ref450668998]Figure 2: TDM/FDM of access and backhaul links

Furthermore, the native deployment of massive MIMO systems in NR also creates an opportunity to support a complementary multiplexing technique of spatial reuse (e.g. SDM) between the backhaul and access links. For example in Figure 1, while still assuming a half-duplex constraint at the eNB/relay A, it is possible that the UL access traffic can be received while simultaneously receiving the backhaul traffic from Nodes B and C. Likewise, the DL access traffic can be served by Node A while also transmitting backhaul/relay traffic to Nodes B and C. Depending on the backhaul frame structure and support for beamforming, the access and backhaul traffic could be transmitted using orthogonal resources or by multi-user MIMO transmission schemes. 
In addition, both mmWave and sub-6GHz spectrum can be considered as candidates for supporting backhaul links. However in our view, higher frequency bands should be prioritized since the large amount of available bandwidth and the ability to perform dynamic beamforming are expected to be critical in ensuring sufficient capacity and latency for backhaul links. However, out-of-band backhaul with access (using LTE or NR) on a sub-6GHz band and backhaul (using NR) on a mmWave band can also be considered, although optimizations for this case should not be the top priority of the study.

Proposal 1: The following use cases should be supported by the IAB design:
· In-band backhaul including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node is considered with highest priority
· Optimizations for full-duplex relays are deprioritized
· Out-of-band backhaul with access (using LTE or NR) on a sub-6GHz band and backhaul (using NR) on a mmWave band
· Optimizations for out-of-band relays are deprioritized
IAB Deployment Scenarios
One of the key benefits of the support for wireless backhaul and relay links is enabling flexible and very dense deployment of NR cells without the need for densifying the transport network proportionately. As a result, a very diverse range of deployment scenarios can be envisioned. For example besides support for outdoor hotspot small cell deployments as shown in Figure 3, stadium, indoor, or even mobile relays could be considered (e.g. on buses or trains).
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Figure 3: Outdoor urban IAB deployment

However, given the need to prioritize key use cases and ensure the timely completion of a baseline design, it is proposed that the study prioritizes deployments of IAB nodes in urban areas, and not consider optimizations for mobile relays.

Proposal 2: Outdoor fixed IAB nodes in urban deployments should be considered with highest priority. Optimizations for mobile relays are deprioritized.

IAB Technology Building Blocks
IAB and Rel. 15 
The IAB design should leverage basic NR features to allow efficient resource allocation between access and backhaul links. Of course specific optimizations may be introduced for backhaul links to accommodate unique traffic or propagation characteristics (e.g. numerology or RS density). Reuse existing NR specifications to the maximum possible extent including:
· Physical channels
· Initial access mechanisms
· User plane and control plane protocol stacks
· UL/DL definitions
· RRM/RLM mechanisms
· Beam management
Proposal 3: The IAB design shall be transparent and be backward compatible to Rel.15 UEs and strive to maximize reuse of existing NR specifications. 
Multi-hop backhaul
Another important consideration and differentiating requirement from LTE relays is support for 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. 
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.

Proposal 4: The IAB design should support multi-hop backhaul.

Topology and Route Management
Finally, another key IAB requirement is support for 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 constraint should be considered as an integral part of the IAB design and mechanisms for topology and route management should be studied.
Topology management includes the following characteristics: 1) happens on long time scales, 2) manages static hop order, 3) handles initial access of relay nodes, and 4) changes every time a node is added or removed. On the other hand route management happens at a much faster time scale (e.g. happens over 10s or 100s of ms) and routes are updated for load variance and blocking.
As a result, multi-connectivity is a critical feature to support robustness and fast route selection in case of blockage events especially in mmWave bands as shown in Figure 4. It is noted that route adaptation depends on multiple factors including traffic load and propagation variations (e.g. blockage events). 
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Figure 4: Multi-connectivity for IAB

Proposal 5: The IAB design should support mechanisms for multi-connectivity for route switching and topology management.
Conclusion
In this contribution, we identify some key use cases and deployment scenarios for IAB along with corresponding essential technology building blocks which should be considered as part of the study item. The following proposals are offered for consideration:
Proposal 1: The following use cases should be supported by the IAB design:
· In-band backhaul including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node is considered with highest priority
· Optimizations for full-duplex relays are deprioritized
· Out-of-band backhaul with access (using LTE or NR) on a sub-6GHz band and backhaul (using NR) on a mmWave band 
· Optimizations for out-of-band relays are deprioritized

Proposal 2: Outdoor fixed IAB nodes in urban deployments should be considered with highest priority. Optimizations for mobile relays are deprioritized.
Proposal 3: The IAB design shall be transparent and be backward compatible to Rel.15 UEs and strive to maximize reuse of existing NR specifications. 
Proposal 4: The IAB design should support multi-hop backhaul.
Proposal 5: The IAB design should support mechanisms for multi-connectivity for route switching and topology management.
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