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This contribution addresses the procedures for relaying data from the eNB to the Remote-UE and from the Remote-UE to the eNB via the Relay-UE. 

Downstream and Upstream Data Paths
Figure 1 shows the Relay-UE forwards data from the eNB to the Remote-UE which is referred to as the downstream path. Similarly, the data path from the Remote-UE to the eNB via the Relay-UE is referred to as upstream path in this contribution. As discussed in the previous RAN1 meeting, there are two links that need to be considered to support UE-to-Network Relays: one is the link between the Remote-UE and the Relay-UE, and the other is the link between the Relay-UE and the eNB (see Figure 1).
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure 1: Links associated with the data forwarding via the Relay-UE
There is another scenario not shown in the Figure 1 where a Remote-UE is located within the eNB coverage. The same D2D links discussed above also apply to the In-coverage Remote-UE scenario. We will distinguish between the In-coverage and the Out-of-coverage Remote-UEs when we discuss the upstream data path operation in section 2.2 of this document.
It is given the communication between the Relay-UE and the eNB uses the Rel-12 cellular DL/UL procedures. In this contribution we focus on the data communication procedure between the Relay-UE and the Remote-UE. As mentioned earlier, we view the Relay-UE – Remote-UE link from downstream and the upstream perspective. First, the downstream is considered since in our view it is a much simpler case.  
Observation 1: Rel-12 LTE cellular signaling and resource allocation used for the data transmissions between the Relay-UE and the eNB. 
Downstream Data Path Operation 
As noted the Relay-UE is always located within the eNB coverage keeping the Relay-UE under the eNB/network control. Additionally, in order to minimize the specification effort and for backward compatible consideration, we should apply as much as possible the Rel-12 D2D procedures to the Relay-UE’s D2D transmissions. Hence, it is preferred to use Rel-12 D2D communication Mode 1 resource allocations for the Relay-UE transmissions towards the Remote-UE. Note this approach is indifferent to the fact whether the Remote-UE is In-coverage or Out-of-coverage. Figure 2 presents the signaling and steps required for forwarding the data from the eNB to the Remote-UE via the Relay-UE with no changes to the existing Rel-12 D2D Mode 1 resource allocation.
Proposal 1: Reuse as much as possible the Rel-12 D2D resource allocation for data relaying from the Relay-UE to the Remote-UE for the downstream data relaying. 
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Figure 2: Rel-12 Mode 1 Resource Allocation used for forwarding data from the Relay-UE to the Remote-UE
Upstream Data Path Operation 
In our view the upstream data path for the NW-UE-Relay operation is much more complex. When we consider the design we must strive to reuse the existing Rel-12 D2D procedures in order to achieve a manageable complexity. Option 3 in [1] proposes to map the reception resources of the Relay-UE – Remote-UE link to the uplink resources used for the Relay-UE – eNB link. Although [1] does not provide detail we assume the Relay-UE has to relay the resource allocation information to the Remote-UE it received from the eNB after the Remote-UE sends a request for resources for the upstream transmission. This exchange between the Remote-UE and the eNB via the Relay-UE increases the signaling overhead and causes an unnecessary delay. We refer to this method as Approach 1.
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Figure 3: Approach 1 – Out-of-Coverage Remote-UE transmits data to the eNB via Relay-UE using Mode 1 Resource Allocation 
In Rel-12 if the UE is Out-of-coverage it is expected to use Mode 2 resource allocation for its D2D transmissions. Keeping the reusing of the existing procedure and the backward compatibility principle in mind we propose the Out-of-coverage Remote-UE should use Mode 2 for resource allocation for its upstream transmissions. This implies Out-of-coverage Remote-UEs use the preconfigured resource pool for its data transmissions. We refer to this method as Approach 2. Figure 4 shows the signaling and the steps required for the forwarding the data from the Out-of-coverage Remote-UE to the eNB via the Relay-UE. 
[image: ]
Figure 4: Approach 2 – Out-of-Coverage Remote-UE transmits data to the eNB via Relay-UE using Mode 2 Resource Allocation 
Proposal 2: Reuse Rel-12 D2D Mode 2 resource allocation for data relaying from the Out-of-Coverage Remote-UE to the Relay-UE for the upstream data relaying. 
Approach 2 has several advantages over Approach 1. As shown in the signaling-flow Figure 4 the signaling between the Relay-UE and eNB which is needed to request the resources for Mode 1 communication is avoided, resulting in reduced signaling overhead and latency. Also, standardization effort can be minimized since the existing procedure can be reused.
However, Approach 2 does not ensure there are no collisions from other Out-of-coverage UE Mode 2 transmissions. In order to avoid collisions resource selection is beneficial but at the cost of increased signaling overhead and latency. Therefore, we suggest a hybrid-solution we refer to as Approach 2a shown in Figure 5.
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Figure 5: Approach 2a -- Out-of-Coverage Remote-UE transmits data to the eNB via Relay-UE using Mode 2 Resources assigned by the Relay-UE
In Approach 2a, the Out-of-coverage Remote-UE requests for resources to the Relay-UE. Note an initiation by the Remote-UE to establish a Remote-UE group – Relay-UE link can also be considered as a request for transmission resources. The request signal transmitted by the Remote-UE shown in Figure 5 is an example. As a response the Relay-UE transmits the resource allocation which can be used by the Remote-UE group for transmitting its data. The resources allocated to the Remote-UE group belong to the Mode 2 resource pool preconfigured for Out-of-Coverage UEs (e.g., subset(s) of the Mode 2 resource pool). This approach has several advantages. For example, the Relay-UE does not need to request the resources from the eNB because these resources do not belong to Mode 1 resource pool. This avoids the signaling overhead and latency that occurs in Approach 1. However, a new resource pool specifically for the Remote-UE group – Relay-UE link might be specified in Rel-13 to avoid collision with e.g., Rel-12 ProSe UEs. This new resource pool option is discussed further later as option 3 for another approach.
Approach 2a requires a simple modification to the Rel-12. This modification must allow the Relay-UE to convey the resource allocation information to the Out-of-Coverage Remote-UE group. There are several options to handle such a task. 
Option 1: The Relay-UE delivers this resource allocation using the Mode 2 transmission. This option has the same problem of collision with the other Out-of-coverage UEs.
Option 2: The Relay-UE transmits the resource allocation information on its PSBCH. This option is attainable; however, this option has some downsides. For example, it will require additional bits in PSBCH to convey the resource allocation information.
Option 3: The Relay-UE transmits the resource allocation information as part of the message carried by the new Relay-Discovery signal. This information is filled in the Relay-Discovery message only when a Remote-UE or a set of Remote-UEs request resources. This signal can be received by the near-by Out-of-Coverage UEs who may also benefit from this information. For example, avoid transmitting data on the same Mode 2 resources. The downside of option 3 is the Out-of-Coverage UEs who are interested only in communication and not discovery and if the Relay-discovery signal are transmitted using the discovery pool will have to monitor discovery resources as well. One solution is to have separate Relay-Discovery signal resource pool which can be monitored by all the UEs. This solution also allows having an appropriate transmission periodicity to meet the required latency.  
Proposal 3: If proposal 2 is agreed then RAN1 should decide if the Relay-UE can allocate subset(s) of the configured resource pools to the Remote-UE with taking above investigations into account. 

Lastly, if the Remote-UE is In-coverage then our preference is the Remote-UE to use Mode 1 communication resource pool for its transmissions. This is an obvious choice because the In-coverage D2D UEs are still under the control of the eNB/network.  
Proposal 4: Reuse Rel-12 D2D resource allocation for data relaying from the In-Coverage Remote-UE to the Relay-UE for the upstream data relaying. 

Conclusions
Figure 6 summarizes our analysis for the UE-to-Network Relaying Operation. We emphasize our approach is suitable for Rel-13 if the goal is to maximize the reuse of Rel-12 D2D procedures and minimize the standardization effort.
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Figure 6: Resource allocation for the UE-to-Network Relaying Operation

In this contribution we’ve provided the following proposals:
· Reuse as much as possible the Rel-12 D2D resource allocation for data relaying from the Relay-UE to the Remote-UE for the downstream data relaying.
· Reuse Rel-12 D2D Mode 2 resource allocation for data relaying from the Out-of-Coverage Remote-UE to the Relay-UE for the upstream data relaying. 
· If the above proposal is agreed then RAN1 should decide if the Relay-UE can allocate subset(s) of the configured resource pools to the Remote-UE with taking above investigations into account. 
· Reuse Rel-12 D2D resource allocation for data relaying from the In-Coverage Remote-UE to the Relay-UE for the upstream data relaying. 
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