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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The new RAT shall be inherently forward compatible to allow specification in two separate phases (Phase I and Phase II). 
It was agreed in the previous RAN WG1 meeting (TSGR1 84bis), that New Radio study frame structure(s) need to support Backhaul/relay link (among other features). In this contribution we discuss scenarios, requirements and technical solutions behind wireless relay solution inbuilt/integrated in the NR design.

2	Scenarios and requirements 
TR 36.814 [3] is a document related to LTE study item “Further advancements for E-UTRA”. It gathers information related LTE-Advanced studies and contains also a section related to Relaying functionality. There are various classifications related to relaying functionality in [3] and is can be used as a starting point also for NR wireless relay studies. 
Table 1. Relay classifications according to TR 36.814 [3]
	Property
	Definition

	Relay definition

	The relay node is wirelessly connected to the radio-access network via a donor cell.

	Classification according to the relay nodes’s usage of spectrum:

	1. inband, in which case the eNB -relay link shares the same carrier frequency with relay-UE links. 
2. outband, in which case the eNB-relay link does not operate in the same carrier frequency as relay-UE links. 

	Classification according the relay node’s duplexing scheme 
	1. FDD, in which the eNB-relay link operates in paired spectrum
2. TDD, in which the eNB-relay link operates in unpaired spectrum

	Classification according to the knowledge in the UE

	1. transparent, in which case the UE is not aware of whether or not it communicates with the network via the relay.
2. non-transparent, in which case the UE is aware of whether or not it is communicating with the network via the relay.

	Classification according to the relaying strategy
	3. A relay may be part of the donor cell
4. A relay may control cells of its own



Proposal #1: Consider Section 9 of TR 36.814 as starting point for wireless relays studies in NR

What becomes to different wireless relay scenarios applicable to NR, it is clear that scenarios covered by TR 36.814 is not the complete list. For example, 
· LTE studies focused solely on the scenarios with a single hop. Even though this can be seen as an important scenario also for NR studies, there is a need to widen the scope to cover also multi-hop relaying. 
· LTE focused on the scenario having LTE Rel-8/9 UEs running in the access link. Such legacy burden does not exist with NR scenarios.
· NR need to support carrier frequencies up-to 100 GHz. As a matter of fact, wireless relay is an important scenario for deployments with high carrier frequencies and it may set some new requirements also for wireless relay operation. For example, usage of high carrier frequencies may involve analog/hybrid architectures that require typically sweeping/scanning operation for the signals that needs to be reachable periodically throughout the cell.     

Based on discussion, there is a need for an updated set of scenarios for wireless relay studies in NR.
Proposal #2: The following scenarios should be considered as part of wireless relay studies in NR
· Single hop relaying
· Multi-hop relaying 
· Combination of relaying and RF beamforming       

Based on Table 1, there are four duplexing combinations to be considered as part of wireless relay studies in NR
1. FDD, Outband relay: separate carriers for DL/UL and Access/Backhaul (BH)
2. FDD, Inband relay: separate carriers for DL/UL. The same carrier handles both Access/BH.
3. TDD, Outband relay: separate carriers for Access/BH. The same carrier handles DL/UL.
4. TDD, Inband relay: one carriers handles both DL/UL and Access/BH.

Taking into account that Outband relay is expected to have little or no impact on RAN1 specifications, we think that wireless relay studies should focus on inband relays. With inband relays, the following duplexing scenarios can be identified: 
· FDD relays based on full duplex technology
· TDD relays based on half-duplex technology
· TDD relays based on full duplex technology 
We think that NR studies should include at least FDD relays based on full duplex technology and TDD relays based on half duplex technology. Additionally, TDD relays based on full duplex technology could be seen as a feasible technology in the scenarios where sufficient isolation between Tx and Rx antennas can be achieved. This may be the case e.g. with RF beamforming at high carrier frequencies.  

Proposal #3: Consider at least the following scenarios for wireless relays studies in NR
· FDD relays based on full duplex technology
· TDD relays based on half-duplex technology
· TDD relays based on full duplex technology


Based on the wireless relays scenarios and KPIs defined e.g. in [1] and [2], there is a need for a wireless relay solution inbuilt/integrated in the NR design. There are some requirements for the preferred solution: 
· Support for dynamic and fully flexible radio resource allocation between Backhaul and Access link, as well as between UL and DL.
· Support for similar control/data/RS structures between Backhaul and Access link, as well as between UL and DL.
· Support for low latency. Relates enablers are 
· Short subframe length
· Fast control plane / scheduling cycles
· Support for frequent link direction switching
· Dynamic point selection and fast data (re)routing
· Support for very high spectral efficiency in the backhaul link. This may require e.g. higher modulation order compared to that of access link.
· Support for good coverage in the backhaul link
· Support for multi-connectivity for reliability and capacity enhancement
· Support for RF beamforming in the backhaul link
· Optimized performance in a single hop scenario
· Sufficient scalability towards various multi-hop scenarios.

In order to optimize wireless relay functionality in NR, the key technical solutions for the prioritized scenarios, should be addressed already in the first NR release (Phase 1). Those include e.g., radio frame/subframe structure, initial access, multiplexing, control channel operation, as well as enablers for flexible resource allocation and low latency.
Proposal #4: The key technical solutions for wireless relaying should be addressed already in the first NR release

3	Technical solutions behind inbuilt/integrated BH 
In this section we discuss technical solutions and especially frame structure impact of different wireless relay scenarios. We focus on TDD inband relays based on half-duplex technology. This can be seen as a scenario having the biggest impact to the system design.

3.1	Single hop scenario
Figure 1 shows an exemplary wireless relay scenario, namely TDD inband relay, where the Backhaul link shares the same carrier frequency with Access link. In this scenario, Access link and Backhaul link need to be time division multiplexed in a single carrier frequency as discussed in [3].  
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Figure 1. Example of wireless relay scenario (single hop).

Many companies are proposing so called bi-directional subframe for facilitating TDD functionalities such as link direction switching, fully flexible traffic adaptation as well as opportunity for low latency for the access link, see e.g. [4]. Figure 2 illustrates bi-directional subframe for access link with two configurations, namely DL access and UL access. 
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Figure 2. Bi-directional subframe for access link.

Figure 3 shows similar example for a backhaul scenario (TDD inband relaying based on half-duplex technology). It contains, bi-directional (DL/UL) control for access link, bi-directional control (DL/UL) for backhaul link and one-directional data (DL or UL) for backhaul link. It is beneficial to be able to maintain bi-directional control channel for access link also during the backhaul subframes. This allows minimizing the access link latency also with self-backhauling. It also simplifies the control channel operation since the control channel availability in the access link does not depend on the scheduling in the backhaul link. This will facilitate also dynamic allocation of backhaul link subframes.
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Figure 3. Bi-directional subframe for backhaul link (single hop).

Backhaul subframe (Figure 3) contains an additional GP compared to the Access link subframe (Figure 2). Actually, the additional GP is split into two parts, 1) DL control (access)  DL control (backhaul) and 2) DL data/control (backhaul)  UL data/control (backhaul). In order to facilitate smooth switching between Access link and Backhaul subfames it makes sense to have a common subframe length for both subframe types. 
When the backhaul subframe is applied in the cell, DeNB can serve during a single subframe both 
· One or more RNs in the backhaul link and
· UEs in the access link.
In order to support this, also UEs in the access link must be aware of the symbol timing applied in the subframe. Hence, they must be able to differentiate Backhaul subframe from Access link subframe (and vice versa).

Proposal #5: Introduce a backhaul subframe facilitating self-backhauling in TDD half-duplex scenarios
· Support bi-directional control channel for access link also during backhaul subframes
· Support dynamic allocation of backhaul subframes

3.2	Multi-hop scenario
Figure 4 shows another scenario for wireless relay operation in NR. In this example, three RNs are communicating with each other, in addition to the DeNB. 
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Figure 4. Example of wireless relay scenario.

It can be noted that subframe types shown in Figure 2 and Figure 3 cannot provide bi-directional communications (within a subframe) among all the involved nodes. This is due to the fact that half-duplex communications requires at least four Tx/Rx phases to support bi-directional communication link among four involved nodes. Tx/Rx pattern design for half-duplex communications has been discussed as part of LTE D2D work, see e.g. [5]. 
In principle, Tx/Rx switching could be distributed among consecutive backhaul subframes (Figure 3. However), in order to isolate the impact of sequential Tx/Rx switching operation, and to minimize the involved latency it makes sense to concentrate Tx/Rx switching functionality into specific subframes, called as switching subframes. As shown in Figure 5, a switching subframe consists of a plurality of switching blocks having an opportunity for link direction switching within each Tx/Rx opportunity. 
Proposal #6: Switching subframe needs to be defined in order to support low latency communication between RNs. 
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Figure 5. Principle of switching subframe.

4	Conclusions
In this contribution we have discussed scenarios, requirements and technical solutions behind wireless relay inbuilt/integrated in the NR design. Based on the discussion, we make the following proposals:

Proposal #1: Consider Section 9 of TR 36.814 as starting point for wireless relays studies in NR
Proposal #2: The following scenarios should be considered as part of wireless relay studies in NR
· Single hop relaying
· Multi-hop relaying 
· Combination of relaying and RF beamforming       

Proposal #3: Consider at least the following scenarios for wireless relays studies in NR
· FDD relays based on full duplex technology
· TDD relays based on half-duplex technology
· TDD relays based on full duplex technology

Proposal #4: The key technical solutions for wireless relaying should be addressed already in the first NR release

Proposal #5: Introduce a backhaul subframe facilitating self-backhauling in TDD half-duplex scenarios
· Support bi-directional control channel for access link also during backhaul subframes
· Support dynamic allocation of backhaul subframes

Proposal #6: Switching subframe needs to be defined in order to support low latency communication between RNs. 
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