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1 Introduction
In the context of the new RAN Study Item on scenarios and requirements for next generation access technologies [1], this paper focuses, at high level, on Relay architecture and functionalities considered relevant and attractive for 5G, i.e. L3 relay, together with multi-hop/mesh and relay mobility, proposing to consider such aspects in the RAN study.

2 Discussion

2.1 Background

LTE supports wireless relay from Rel-10 [5], i.e. a Relay Node (RN) can wirelessly connect to a Donor eNB (DeNB) via a modified E-UTRA radio interface (called Un). Relay functionalities, though, are limited to static and single-hop relay. 
LTE Rel-13 supports also sidelink communication via ProSe UE-to-Network relay [5], which re-uses Prose (or device-to-device) technology to allow relaying via a Prose UE (toward RAN).  Note: specific Prose aspects and assumptions, in the context of 5G, are not in the scope of this paper, being part of a separate RAN AH contribution [6].
Recent industry studies and reports highlight the benefits of wireless relay/backhauling for 5G networks, in particular enhanced relay functionalities such as Multi-hop, improving coverage, user QoS, and backhauling savings. Multi-hop Relay enables and optimizes also mesh-type topologies and functionalities, improving robustness to link or node failure. A simple illustration of a Multi-Hop Relay network is provided in Figure 1 (using a traditional tree-type topology).
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Fig 1. General Multi-Hop Relay network

Few exemplary use cases, and benefits, deriving from the use of Multi-hop/Mesh relay in future generation networks, have been identified e.g. by NGMN [2], 3GPP SA1 [3] and also ITU-R [4]; some details and excerpts are captured in the Annex of this document, for reference.
2.2 Considerations and proposals
Given the identified and expected benefits of wireless relaying, it seems opportune to consider such type of architecture and technology/functionalities as part of the RAN study on 5G requirements.  In particular, basic relay support (e.g. as support by LTE) could be assumed, and enhanced functionalities should be evaluated.

Certain new functionalities, e.g. multi-hop relay, may not only relate to architecture/topology requirements, but also affect specific performance and requirements, e.g. with regard to mMTC coverage, mMTC battery like, URLLC reliability,  some KPIs could be achieved much better/easier with multi-hop.

Other interesting relay enhancements to consider (not optimal in existing 3GPP relay technologies) are related to the support for dynamic relay/topology changes, e.g. nomadic/mobile relays, which enhance reliability and deployment flexibility.

In summary, it is suggested to discuss and consider the following assumptions and proposals:
· RAN should assume basic Relay architecture and features (e.g. L3 relay and single-hop) to be supported by 5G
· RAN should study enhanced Relay architecture enablers and functionalities, e.g.
· Support for multi-hop relay
· Support for nomadic/mobile relays
· RAN should capture relevant considerations on relay based multi-hop in the 5G requirements study TR, for example under the area of architecture related requirements.
3 Conclusions

This paper provided some high level background and motivations to consider Relay architecture and functionalities, i.e. L3 relay, together with multi-hop/mesh and relay mobility, as part of the RAN study on 5G requirements. 
The following proposals are made to RAN, for discussion/approval:
· Proposal 1: RAN should assume basic Relay architecture and features (e.g. L3 relay and single-hop) to be supported by 5G

· Proposal 2: RAN should study enhanced Relay architecture enablers and functionalities, e.g.

· Support for multi-hop relay

· Support for nomadic/mobile relays
· Proposal 3: RAN should capture relevant considerations on relay based multi-hop in the 5G requirements study TR, for example under the area of architecture related requirements.
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Annex: Excerpts from other references/documents
NGMN [2]

	Technology building block name 
	Mesh networking 

	Category 
	Network/Transport 

	Description 
	Several radio devices cooperating to pass data between two endpoints through a series of short intermediate hops. These devices could be terminals, base stations, etc. 

	Specific solutions 
	Backhauling, fronthauling 

	Potential benefits and requirements addressed 
	• Could reduce costs to provide fronthaul and backhaul, potentially increasing the economically viable coverage range of networks 

• Increases reliability and redundancies through self-forming and self-healing 

	Impact on the network node (s) (e.g. complexity) 
	Requires backhauling and fronthualing interfaces and capabilities on all radio nodes. 

	Impact on the architecture 
	Big impact on the network topology. 

	Maturity 
	Standardized in IEEE 802.11 

Single hop relay standardized in 3GPP Release-10 

	Missing steps to achieve a good understanding of the technology 

	Challenges 
	Achieving security for the data traversing the network requires trust in all cooperating nodes, which could limit potential applications. Application to latency-critical use cases still requires some work.


-------------

SMARTER [3]

Few excerpts:

a) Radio Interface Technology (RIT): … A RIT may also support a variety of different communication modes (e.g., unicast, multicast, broadcast) and/or topologies (e.g., point-to-point, star, tree, or mesh).
b) Connectivity Everywhere: Broadband connectivity on the sea... Because installing cell towers on the sea is not desirable, mesh-network by vessels would be desirable.
c) Industrial Process Automation

… Further, multi-hop topologies can provide range extension and mesh topologies can increase reliability through path redundancy. Time synchronization will be highly beneficial since it enables more power-efficient sensor operation and mesh forwarding.
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Figure xx: Communication Path for Service Flows between Process Controllers and S/A Devices

Figure xx depicts how communication will occur in process automation. In this use case, communication runs between process controller and S/A device via the plant network and the wireless mesh network. The wireless mesh may also support access for handheld devices for supervisory control or process monitoring purposes
-----------------
ITU-R [4] 

(Sec 2.3: Technology trends…Technologies to enhance mobile broadband scenarios)
A relay based multi-hop network can greatly enhance the Quality of Service (QoS) of cell edge users. …
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