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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications. One of these is the support for wireless backhaul and relay links enabling flexible and very dense deployment of NR cells without the need for densifying the transport network proportionately [1]. As a result, it is important that the NR physical layer design takes into account the requirements of integrated backhaul/relay links alongside the design of access links to ensure efficient operation.    

During RAN1#85 meeting the following agreements were reached:

Agreements:
· NR should allow for efficient same frequency operation between the access link and backhaul link

· NR should also allow for efficient operation when the backhaul link and access link are on different frequencies. This includes:

· Operation of backhaul link and access link on different frequencies in the same band

· Operation of backhaul link and access link in different bands

· Note: The term ‘backhaul link’ does not make any assumption on NR RAN architecture design options

This document provides an overview of backhaul/relay link requirements and implications on the NR frame structure.

2 Integrated Wireless Backhaul Requirements
An example of a network with integrated access and backhaul links is shown in Figure 1 below. As noted in the RAN1#85 agreements, 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 backhaul and access links 

To support efficient operation some of the key requirements for backhaul links are the following: 

· Backhaul (in-band or out of band) and access are integrated and multiplexed in the scheduler

· This implies that especially for the in-band case the NR frame structure can support very dynamic resource allocation between the backhaul and access links (in both DL and UL directions) for both FDD and TDD operation.
· In addition, depending on the network architecture, the scheduling of the 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.
· High spectral efficiency while also supporting reliable transmission under different LOS/NLOS coverage deployment scenarios
· 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 in the MAC layer rather than depending on a RRC signaling as in the case of traditional relays. 
· Beamforming support for coverage and multi-site connectivity (e.g. point-to-point and point-to-multipoint transmissions), exploiting common radio hardware with access links when possible. 
· Single hop and multi-hop relaying architectures: 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). This especially, along with the dynamic resource allocation, is a key differentiation from the LTE-Advanced relay feature.
Proposal 1: Multi-hop and multi-site relay connectivity and dynamic resource allocation integrated with access links should be supported by NR.
The implications on the frame structure of these requirements are further considered in the next section.

3 NR Frame Structure and Multiple Access Techniques
The NR frame structure and multiple access schemes should be designed to consider efficient operation of integrated access/backhaul links on the same or different frequency taking into account the requirements discussed in the previous section. During RAN1#84bis meeting the following agreements were reached:
Agreements:
· Study frame structure(s) supporting at least 

· FDD duplex arrangement

· TDD duplex arrangement

· Downlink transmission

· Uplink transmission

· Sidelink transmission

· Access link

· Backhaul/relay link

· Stand alone operation in licensed band

· Non stand alone operation in licensed band

· Licensed-assisted operation in unlicensed band
One straightforward approach is to design the NR frame structure (including control/data channels and reference signals) and multiple access schemes within a common framework which can accommodate both the access and backhaul/relay link requirements. Of course specific optimizations may be introduced for backhaul links to accommodate unique traffic or propagation characteristics (e.g. numerology or RS density). 
Proposal 2: NR frame structure design should allow for dynamic resource allocation between access and backhaul/relay links with a common framework while allowing for the introduction of specific optimizations to accommodate unique traffic or propagation characteristics.
Furthermore, when considering the operation of access and backhaul links on the same frequency, the multiple access techniques (e.g. TDM/FDM/SDM) utilized should be carefully considered to enable efficient sharing of the time/frequency resources and dynamic resource allocation as discussed in the previous section. In addition the duplex constraint at the relay is also an important factor. One very challenging but practical scenario is the operation of a TDD system with a half-duplex constraint at the relay. 
This case requires careful evaluation of the latency/overhead introduced by orthogonal partitioning of resources in either time or frequency. In Figure 2, TDM partitioning is shown where gaps for switching are required between both the backhaul directions as well as the DL and UL subframes of the access links while a guard band is introduced between backhaul subframes in the case of FDM. An additional approach is a hybrid of the two, where access may be deployed as FDD while the backhaul operates in a TDD manner (utilizing the UL spectrum opportunistically). Support for full duplex operation at the eNB/relay nodes can additionally be beneficial to relax potential scheduling restrictions between DL and UL transmissions/receptions on the access and backhaul links.
            
[image: image2]
Figure 2: TDM/FDM of access and backhaul links
A complementary multiplexing technique which should be further studied is the operation of wireless relays with spatial reuse 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 to envision 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. 
Proposal 3: In addition to orthogonal time/frequency partitioning, beamforming/MIMO techniques should be further studied for support of efficient operation between access and backhaul/relay links.
4 Conclusion
This contribution analyzed the requirements for support of wireless backhaul/relays for NR and the implications on the overall frame structure design. The following proposals were made:

Proposal 1: Multi-hop and multi-site relay connectivity and dynamic resource allocation integrated with access links should be supported by NR.
Proposal 2: NR frame structure design should allow for dynamic resource allocation between access and backhaul/relay links with a common framework while allowing for the introduction of specific optimizations to accommodate unique traffic or propagation characteristics.
Proposal 3: In addition to orthogonal time/frequency partitioning, beamforming/MIMO techniques should be further studied for support of efficient operation between access and backhaul/relay links.
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