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Introduction
In RAN1#80bis meeting [1], enhancements needed to support L3-based UE-to-Network Relay were discussed focusing on relay selection and coordination of WAN and D2D communication for the Relay UE, however, no agreements were made. 
In this contribution, we aim to further analyse and emphasize the need for coordination of WAN and D2D communication at the Relay UE and discuss mechanisms to achieve such coordination. 
Discussion
Need for coordination of WAN and D2D communication at the Relay UE
When the Relay UE and Remote UE are operating in the same carrier (in-band relaying), following three processes should be performed by the Relay UE on the uplink carrier (FDD) or uplink subframes (TDD).
1. D2D-TX from Relay UE to Remote UE
2. D2D-RX from the Remote UE
3. WAN-TX from the Relay UE to the eNodeB
Since D2D operation is always half-duplex, Relay UE cannot perform D2D-TX and D2D-RX simultaneously. Further, D2D-TX and WAN-TX cannot occur concurrently at the Relay UE due to timing differences in D2D and cellular signals. Finally, Relay UE cannot perform WAN-TX and D2D-RX simultaneously on the uplink carrier/subframes due to self-interference. 
In Rel-12, similar issues were raised and they were overcome by prioritising WAN-TX over D2D-TX at the D2D-UE. If the same prioritisation rule is applied to Relay UE, in certain D2D subframes (according to current resource pool allocation), the Relay UE will have to suspend D2D-TX/D2D-RX to perform cellular communication. However, from the Relay UE’s perspective, both D2D and WAN are equally important to facilitate a reliable and low latency (in case of VoIP) link between Remote UE and the network. Therefore, resolving WAN and D2D collision issues at the Relay UE using priority rules is not well suited for realising the UE-to-Network Relay function, and a mechanism to coordinate WAN-TX and D2D-TX/D2D-RX at the Relay UE is needed.
Observation 1: Resolving WAN and D2D collision issues at the Relay UE using priority rules is not well suited for realising UE-to-Network Relay function, and a mechanism to coordinate WAN-TX and D2D-TX/D2D-RX at the Relay UE is needed.
In our opinion, such coordination of WAN-TX and D2D-TX/D2D-RX should be managed by the serving eNodeB via coordination of resource allocation for D2D and WAN communication at the Relay UE.
Proposal 1: The serving eNB should coordinate the radio resource allocation for D2D (Relay UE to Remote UE) and WAN (Relay UE to eNodeB) communications at the Relay UE to achieve efficient relay operation.

Methods for Coordination of WAN and D2D Communication for Efficient UE-to-Network Relay Operation

The simplest solution to coordinate WAN-TX and D2D-TX/D2D-RX to avoid collisions is to time-multiplex these three processes from the Relay UE’s perspective [2].

Proposal 2: From the UE-to-Network Relay’s perspective, D2D-TX, D2D-RX and WAN-TX are time-multiplexed.

Time-multiplexing of these three processes can be achieved in two different approaches, Micro-level TDM and Macro-level TDM as explained below.

Micro-level TDM
In this approach, as illustrated in Figure 1, TDM of WAN-TX, D2D-TX and D2D-RX at the Relay UE can be done in subframe level [3]. 

[image: ]

Figure 1: Micro-level TDM of WAN-TX and D2D-TX/D2D-RX.

One way to achieve this type of TDM is using current resource pool configuration, where cellular and D2D resources are already separated, without prioritising WAN-TX over D2D. Instead, the eNB can schedule cellular transmissions in a way to avoid D2D UL subframes. This approach does not need any specification changes; however, it has a drawback of significant scheduling restrictions and limiting maximum throughput for the UE-to-Network Relay operation.

In a second way of achieving micro-level TDM, the eNodeB further separates the already configured D2D resource pool for D2D and cellular, and indicates such separation to the Relay UE. For example, such indication can be in the form of set of HARQ-Processes as described in [4].  Then, the Relay UE selects T-RPT for D2D-TX to avoid configured cellular resources and it may further forward such configuration to the Remote UE so that the remote UE can select its T-RPT to avoid RX collisions at the Relay UE. This approach somewhat reduces the scheduling restrictions; however, it introduces restrictions to the Relay UE and Remote UE in T-RPT selection, which may impact the maximum achievable throughput for the Relay communication.

A third mechanism to achieve micro-level TDM is the Relay UE itself decides further separation of resource pool for D2D and cellular depending on the channel condition and traffic between the Remote UE and the Relay UE. The Relay UE may indicate this information to both eNodeB and the Remote UE so that they can avoid collisions caused by WAN-TX and D2D-RX at the Relay UE. This mechanism also poses scheduling restrictions for the eNodeB since the separation is decided by the Relay UE, and further introduces restrictions for the Remote UE in T-RPT selection. In addition, this method requires standardised mechanism to inform resource pool separation to the eNodeB.

In the micro-level TDM, if the D2D-TX and cellular-TX at the Relay UE use two different timing (e.g. UL timing and DL timing), then the TX-timing at the Relay UE needs to adjust frequently (subframe-level at every one or two subframes), which may cause timing misalignments. 



Macro-level TDM
In macro-level multiplexing, WAN-TX and  D2D-TX/D2D-RX at the Relay UE are time multiplexed periodically using a Relay Period, which consists of a cellular silent period (CSP) and a cellular active period (CAP) as shown in Figure 2.
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Figure 2: Macro-level TDM of WAN-TX and D2D-TX/D2D-RX within a Relay Period.
The existing resource pool configuration can be incorporated to this macro-level TDM to cater for varying traffic demand for Relay communication link as shown in Figure 3(a), 3(b) and 3(c). For this mechanism, eNodeB configures a Relay Period with CSP/CAP at the initial relay configuration and further re-configures the Relay Period during the relay operation as D2D-Relay traffic increases or decreases. Then, the Relay UE periodically broadcasts the Relay Period configurations/re-configuration information over the D2D link for Remote UE(s) to receive and adopt.
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Figure 3: Incorporating Resource Pool Configuration for Macro-level TDM.
Major advantage of this macro-level TDM is that it can easily incorporate Rel-12 resource pool configuration to cater for varying traffic demand (due to addition and removal of remote-UEs served by the Relay UE) over the access link. In addition, since the eNodeB manages the configuration/re-configuration of the Relay Period, scheduling restrictions are relaxed. Furthermore, there will be little or no restrictions for T-RPT selection for the D2D communication.
Observation 2: Macro-level TDM of WAN-TX and D2D-TX/D2D-RX at the Relay UE provides scheduling flexibility while catering for the varying traffic demand in the access link.

Proposal 3: Further discuss two mechanisms, micro-level TDM and macro-level TDM, for time-multiplexing WAN-TX, D2D-TX and D2D-RX.

Conclusion
[bookmark: _GoBack]In this contribution, we discuss the need for coordination of WAN and D2D communication at the UE-to-Network Relay to achieve efficient and reliable Relay operation and discussed different approaches for achieving such coordination. Accordingly, following observations and proposals are made.
Observation 1: Resolving WAN and D2D collision issues at the Relay UE using priority rules is not well suited for realising UE-to-Network Relay function, and a mechanism to coordinate WAN-TX and D2D-TX/D2D-RX at the Relay UE is needed.
Proposal 1: The serving eNB should coordinate the radio resource allocation for D2D (Relay UE to Remote UE) and WAN (Relay UE to eNodeB) communications at the Relay UE to achieve efficient relay operation.
Proposal 2: From Relay UE’s perspective, D2D-TX, D2D-RX and WAN-TX are time-multiplexed.
Observation 2: Macro-level TDM of WAN-TX and D2D-TX/D2D-RX at the Relay UE provides scheduling flexibility while catering for the varying traffic demand in the access link.
Proposal 3: Further discuss two mechanisms, micro-level TDM and macro-level TDM, for time-multiplexing WAN-TX, D2D-TX and D2D-RX.
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