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Introduction
In the last RAN plenary (RAN#71), a study item on ‘New Radio Access Technology’ was approved [1] based on consensus that a new non-backward compatible radio access technology need to be developed in order to meet the challenges of next generation cellular communications. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications.
One of the objectives/requirements specified in [1] and [2] is to study and identify technical solutions that enable support for wireless relay. Wireless relay can simplify and accelerate deployment of 5G new radio interface by enabling deployment of potentially dense 5G small cells without the need or reduced requirement of fiber backhaul or other wired backhaul types. Depending on the relay capabilities to be supported, it may be possible to enable “plug-and-play” installation. Unlike the LTE relay specified in Rel-9, wireless relay at mmWave is expected to be able to scale more easily with the number of relay nodes within the coverage of a donor base station, thanks to possible high degree of spatial reuse between the relay and the access links via TX/RX beamformings. In this contribution, we present our views on the initial issues to be studied for this use case.
Wireless relay at mmWave frequency
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A general concept of relaying was discussed during the study item for Scenarios and Requirements for Next Generation Access Technologies [3], where relay types can include the backhaul relay, fronthaul relay (network node to network node) and sidelink relay (UE-to-UE). This is illustrated in Figure 1. In this contribution, we shall focus our discussion on the “backhaul relay”, which is also more aligned with conventional definition of relay in 3GPP.
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Figure 1: Illustration of various “relay” types from [3]
Support of different relay capabilities has been discussed in [3] and are summarized below.
· Support for Inband and Outband relay (same/different spectrum)
· Support for multi-hop/mesh relay
· Support for mobile relays
· Support for relay self-configuration (including self-backhauling)

Depending on the required relay capabilities or combination of relay capabilities to be supported, the physical layer designs can be significantly different. For example, support of inband relay is important for efficient air interface resource utilization; however it requires careful consideration of co-existence between the backhaul and the access links. Mobile relay is important for supporting e.g., the use cases of bus and (high-speed) train, but special considerations would be needed to support mobility. Feasibility of supporting mobile relay at mmWave especially for (very) high speed would be questionable, however feasibility at slow/moderate speed also requires further study.
Moreover, a wireless relay differs from normal UE in terms of the required data rate, latency and reliability. The KPIs and the supported vertical services for relay should also be clarified for study. eMBB should clearly be supported for relay but further study would be needed on whether URLL can be supported with relay considering the additional latency introduced by the backhaul link. In addition, the latency of eMBB should include the backhaul air-interface latency. Despite the differences, it is still important from specification and implementation complexities viewpoint to strive for a common air interface framework design for relay and access links including waveform, multiplex access schemes, numerology and frame structure.  
Based on the above discussion, we have the following observation and proposals:

Observation: Relay capabilities to be prioritized and their KPIs require further clarifications.

Proposal 1: At least the following should be prioritized for study:
· Support for Inband and Outband relay (same/different spectrum);
· Support for mobile relays (particularly feasibility at mmWave);
· Support for eMBB service at relay.

Proposal 2: When possible, strive for a common air interface framework design for relay and access links, including waveform, multiple access schemes, numerology and frame structure.

Conclusions
Wireless relay at mmWave should be studied as part of ‘New Radio Access Technology’. Our proposals are given below:
Observation: Relay capabilities to be prioritized and their KPIs require further clarifications.

Proposal 1: At least the following should be prioritized for study:
· Support for Inband and Outband relay (same/different spectrum);
· Support for mobile relays (particularly feasibility at mmWave);
· Support for eMBB service at relay.

Proposal 2: When possible, strive for a common air interface framework design for relay and access links, including waveform, multiple access schemes, numerology and frame structure.
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