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Introduction
In RAN#66 meeting, a new WID on “Enhanced LTE Device to Device Proximity Services” was approved in [1] and later revised in [2]. According to the revised WID, one of the main enhancements to be defined for D2D communication in Rel-13 is to support the extension of network coverage using L3-based UE-to-Network Relays.
In this contribution, we provide an overview of necessary L1 enhancements needed to the Rel-12 based D2D communication in order to support the new UE-to-Network Relay feature.
Discussion
Supporting use cases of UE-to-Network Relay
For the UE-to-Network Relay based on LTE-D2D, a UE-to-Network Relay node (a Relay-UE) within operator network coverage is assumed to be used as a gateway between a Remote UE in out-of-coverage (OOC-UE) and target network. The OOC-UE is to communicate with an application server via the Relay-UE as shown in Figure 1.
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Figure 1: Illustration of UE-to-Network Relay scenario.
Based on this UE-to-Network scenario, three main purposes/use cases of enabling UE-to-Network Relay for OOC-UEs are envisioned:
· To support service continuity (if needed to be supported in Rel-13 eD2D)
· RRC_CONNECTED UEs leaving its network coverage
· To support out-of-network coverage UEs in participating in-network group communication
· To support unicast WAN communication between an OOC-UE and an operator network
· Possibly RRC connection can be established and maintained via the Relay-UE
Baseline working assumptions for L1
As the UE-to-Network Relay will mainly target for public safety use, some general L1 operation assumptions and baseline need to be first established for further identifying necessary enhancements.
Synchronisation timing
· In Rel-12 D2D, synchronisation timing derived from in-network PSS/SSS and subsequently used by the in-coverage UEs for transmitting Sidelink Synchronisation Signal (SLSS) and Physical Sidelink Broadcast Channel (PSBCH) is made to be the timing reference between an in-coverage and an OOC-UE. This was necessary to allow seamless switching between WAN uplink and D2D transmission for in-coverage UEs and to avoid interference to uplink WAN reception at the eNB from in-coverage D2D transmissions (with puncturing the last D2D symbol).
· For UE-to-Network Relay, it is very much the same operation as in Rel-12 for the Relay-UE to transmit both WAN uplink to the eNB and D2D signals to OOC-UE(s). Therefore, the same timing reference rule from Rel-12 should also be applied here for the UE-to-Network Relay. That is, the network timing should be used as the timing reference in UE-to-Network Relay in Rel-13 eD2D.
Proposal 1: It is proposed Relay-UE in network coverage to periodically transmit SLSS and PSBCH to be used as the reference timing as per existing Rel-12 working method for UE-to-Network Relay.
D2D communication resource pool
· As per existing working mechanism for public safety UEs, up to four Mode 2 resource pools can be pre-configured for D2D communication in out-of-coverage; this is due to the fact they cannot directly receive network resource pool configuration and in-coverage UEs are not to provide any resource pool information in PSBCH. For the UE-to-Network Relay, since in-coverage Relay-UEs already have knowledge about the pre-configured Mode 2 pools for out-of-coverage, it will be quite reasonable to assume one of the pre-configured Mode 2 pools will be assigned/designated for UE-to-Network Relay and shared between Relay-UE and one or more OOC-UEs. That is, one or more OOC-UEs connect or wish to connect to the same Relay-UE use the same OOC Mode 2 resource pool.
· To do this, there are different methods can be considered, for example, one of pre-configured Mode 2 pools is reserved/designate in advance for the UE-to-Network Relay use, or Relay-UE to assign one pre-configured pool and inform this assignment to both the eNB and OOC-UE(s) for further coordination. However, if to consider using one of network configured communication resource pools for the UE-to-Network Relay, it may not be compatible for OOC-UE to use with already pre-configured pools to receive D2D signals from other OOC-UEs. Furthermore, a new mechanism will be needed to inform a in-network resource pool configuration to OOC-UEs. 
Proposal 2: It is proposed one of the pre-configured Mode 2 resource pools is to be used for UE-to-Network Relay and shared between the Relay-UE and one or more OOC-UEs.
Operating frequency
· During Rel-12 D2D discussions, it was clear that a public safety UE may not always be operating in a network that is deployed by the public safety agency. In many cases, it is necessary for public safety UEs to continue operating and participating in D2D communication within commercial deployed network coverage (i.e. in the case of roaming). Considering such operating requirement, a PS Relay-UE may in sometimes need to perform WAN communication on an in-coverage commercial carrier while participating in D2D communication with OOC-UEs over a dedicated PS carrier for the UE-to-Network Relay. In other times, the in-coverage carrier is the same as the carrier in out-of-coverage over the dedicated PS frequency. Therefore, the following two cases should be supported in UE-to-Network Relay operation:
· Case 1: In-coverage carrier is the same as the OOC carrier
· Case 2: In-coverage carrier is different to the OOC carrier
Proposal 3: It is proposed UE-to-Network Relay should support the case when in-coverage carrier is the same as the OOC carrier and the case when in-coverage carrier is different to the OOC carrier on a different frequency band.
Relay-UE capability
· The working assumption of Rel-12 in terms of UE capability (at least from RAN1 perspective) is that a public safety UE has a dedicated Tx/Rx chain when performing D2D. However, if a UE needs to operate both D2D and WAN communications concurrently (the UE is RRC_CONNECTED on a WAN carrier), the WAN operation always has higher priority. This assumption will impose a very significant restriction on the D2D operation, especially when the UE is operating as a Relay-UE in UE-to-Network Relay. Additionally, it is never mandated or required that PS UEs should always support CA or have the capability of a CA UE (thus minimising terminal/implementation cost), therefore, the following two cases should be supported in UE-to-Network operation for Rel-13:
· Case 1: Relay-UE is not CA capable with only a single Tx/Rx chain
· Case 2: Relay-UE is CA capable with more than one Tx/Rx chains
Proposal 4: It is proposed UE-to-Network Relay should support the case when Relay-UE is not CA capable with only a single Tx/Rx chain and the case when Relay-UE is CA capable with more than one Tx/Rx chains.

Potential interference scenarios
When direct D2D communication between OOC-UE and Relay-UE is considered, some potential interference issues can be seen as below.

Interference scenario 1: Resource allocation between D2D-paired UEs
In Rel-12 D2D, pre-configured resource pools and parameters are stored in the UE for the transmission of SLSS and direct D2D communication between OOC-UEs. If these schemes are combined, the UE-to-Network Relay configuration could work. For example, if the pre-configured and network configured resource pools from the serving eNB are overlapped, it is still possible for the OOC-UE and Relay-UE to carry out direct D2D communicate. However, when considering co-existence of many Relay-UEs and OOC-UEs, the Rel-12 based direct D2D communication mechanism would lead to interference between the D2D-paired UEs, since the same resource pool would be shared among the different D2D-pairs which are close to each other. Figure 2 shows the illustration of this interference issue. To avoid this interference issue, network and/or UEs should consider the radio resource allocation of closed D2D-UEs on the sidelink.

Proposal 5: It is proposed that resource allocation scheme between the D2D-paired UEs should be discussed.
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Figure2: Interference scenario in UE-to-Network Relay using a common pre-configured resource pool

Interference scenario 2: Resource allocation between D2D and WAN Uplink
In ProSe LTE, direct sidelink communication is a half-duplex operation and it is transmitted on WAN uplink frequency. When a Relay-UE is scheduled by eNB to transmit on a UL subframe and a OOC-UE which connects to the UE-to-Network Relay transmits sidelink data on the same subframe, the Relay-UE has to prioritize to transmit uplink data. This means the Relay-UE won’t be able to receive the sidelink data. Especially, when large volume data (e.g. video) is transmitted from the OOC-UE to the network via the Relay-UE, reception failure of OOC-UE transmitted data would occur frequently. Figure 3 shows the illustration of this reception failure issue. To avoid this reception failure issue, network should manage the radio resource allocation between the Relay-UE and the OOC-UE.

Proposal 6: Radio resource balancing scheme between OOC-UE and Relay-UE should be discussed.
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Figure3: Reception failure scenario for the Relay-UE with non-coordinated resource allocation

Necessary L1 enhancements
Considering application needs to be supported includes both voice and video, communication over both the D2D sidelink and WAN link should ensure timely reception of delay sensitivity voice data and high throughput rate for video data.
At least the following L1 enhancements to the Rel-12 based D2D communication are seen necessary to support UE-to-Network Relay in Rel-13:
· Additional channel quality/strength measurement or position measurement for selecting an appropriate Relay-UE and an associated reporting mechanism for this new measurement.
· Radio resource coordination scheme to avoid interference between multiple OOC-UEs in close proximity sharing the same resource pool.
· Radio resource coordination/balancing scheme to better support Relay-UE to manage transmission and reception of WAN and D2D signals.
· Better multi-carrier support for the Relay-UE (e.g. simultaneous reception and transmission of D2D and WAN signals, or coordination between WAN and D2D links).

Proposal 7: It is proposed to consider the following L1 enhancements to support UE-to-Network Relay:
· Additional channel quality/strength measurement or position measurement for selecting an appropriate Relay-UE and an associated reporting mechanism for this new measurement.
· Radio resource coordination scheme to avoid interference between multiple OOC-UEs in close proximity sharing the same resource pool.
· Radio resource coordination/balancing scheme to better support Relay-UE to manage transmission and reception of WAN and D2D signals.
· Better multi-carrier support for the Relay-UE (e.g. simultaneous reception and transmission of D2D and WAN signals, or coordination between WAN and D2D links).

Conclusion
In this contribution, we discussed about various aspects of UE-to-Network Relay feature to be introduced in Rel-13 eD2D, including the supporting use cases, baseline assumptions for L1, potential interference scenarios, and necessary enhancements to Rel-12 based D2D communication. Based on the discussions, we made the following proposals in order to ensure proper and efficient operation of the UE-to-Network Relay feature for Rel-13 eD2D.
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