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1. Introduction

At the RAN#67 meeting, a revised work item on Proximity service (ProSe) enhancements was approved [1]. One of the objectives for the WI is ProSe UE-to-network relay to enable network coverage extension using D2D relay. In SA, it is assumed to introduce relay discovery for relay selection [2]. During the RAN1#80, RAN1 has preliminary made a comparison between the two transport options, Rel-12 communication based design and Rel-12 discovery based design, for the PS discovery which includes the relay discovery [3]. Considering that limited TU in RAN1, we provide more detailed views in parallel of SA2/RAN2 discussion on this issue. In this contribution, we provide our views on the relay discovery.
2. Discussion
2.1. Required payload size for relay discovery
When RAN1/RAN2 determine a guideline regarding the UE-to-network relay discovery, we consider that the required payload size would be a major limitation due to the transport option of Rel-12 discovery (PC5-D) which has fixed payload of 232 bits as shown in Figure 1. Considering that 8 bits of the message type field in the 232 bits will be kept for message type identification, the number of available bits could be reduced to 224 bits if relay discovery is defined using new message type. Available payload size could be further reduced to 184 bits which is an effective payload size of Rel-12 discovery as SA2 currently assumes. Therefore, we first discuss the possible contents for the relay discovery including RAN perspective. 
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Figure 1:  Rel-12 discovery message structure
In [2], several parameters are listed for UE-to-network relay discovery and some of the parameters such as Source Layer-2 ID seem to be indicated using the relay discovery. All the listed parameters are summarized in Table 1. These parameters would be included in the relay discovery from the relay UE. For model B relay discovery, some field may only appear in the solicitation message or response message. Some additional field would be required to associate the response message to the solicitation message. If APN information consists of a variable string is fully included in the relay discovery, the payload size for the relay discovery could be significantly greater than 184 bits. The required resource size would be accordingly increased. However, we consider that the format could be optimized to consume a fixed payload size, e.g., 24 bits through the assistance of pre-configured options for the APN information if necessary. Therefore, transport option PC5-D is still possible without significant specification impact.
Table I List of Parameters for UE-to-Network Relay Discovery in [2]
	Parameter
	Payload size
	Description

	ProSe Relay UE ID
	E.g., 24 bits
	Link layer identifier that is used for direct communication and is associated with a PDN connection the ProSe UE-to-Network Relay has established.

	PLMN ID
	E.g., 24 bits
	This identifies the PLMN to which radio frequencies used on the link to the Remote UE belong. If these radio frequencies are shared between multiple PLMNs, or not allocated to any PLMN, then the choice of PLMN ID is configured by the HPLMN.

	Connectivity Info
	FFS
	Parameter identifying connectivity the ProSe UE-to-Network Relay provides (e.g. including APN information).

	Status/maintenance flags
	E.g., 1 bit
	E.g. indicating whether the relay is temporarily without connectivity or battery running low so the Remote UEs can seek/reselect another Relay

	Group Info
	E.g., 24 bits
	Contains information about the group(s) that the UE-to-Network Relay is currently relaying.


In addition, inclusion of RAN related parameters is also considered. It is considered to relay the in coverage resource pool configuration using the relay discovery payload for unicast communication. For Rel-12 D2D communication, the required number of bits for one Tx/Rx communication resource pool configuration is between 95 and 173 bits and this could be decreased by limiting the flexibility of the resource pool configuration. Therefore, even if one resource pool configuration is included in the relay discovery, it is still possible to re-use the Rel-12 discovery message size. If RAN related parameters require increased payload, we can consider introducing an additional D2D broadcast channel. Detailed discussion is described in our companion paper [4].
Observation 1: Expected payload size for the UE-to-network relay discovery could be less than or comparable to the Rel-12 discovery payload size.

Observation 2: Inclusion of RAN related parameters in the discovery relay is considered.
Regarding latency, Rel-12 discovery supports the minimum discovery period of 320 ms and it is comparable to the periodicity of the existing SI-message. Therefore, we consider that the delay due to PC-5D option is acceptable as a contributor of the UE-to-network relay establishment.
Proposal 1: If the payload size of the Rel-12 discovery is sufficient for relay discovery, PC-5D option should be selected.
Specification impact for larger payload
In this section, we briefly discuss the possible specification impact when a large payload is required for relay discovery. Even if large payload size is required for the relay discovery, the PC5-D option is still possible as described below:

· Option 1 (PC5-D): Extended discovery format is defined to carry large payload 

· Large discovery format is defined

· Increase in the number of blind detections would be kept to a moderate level, e.g., payload of the large discovery format is divided into several sub-messages with Rel-12 discovery resource size

· Option 2 (PC5-C): Communication based relay discovery is defined

· Large discovery format is defined using the MAC PDU of the slidelink communication.

· Resource allocation optimized to periodic transmission would be specified, e.g., new SCI optimized to single MAC PDU transmission and RRC based semi-static eNB resource allocation

Regarding option 1, extensibility and flexibility would be limited assuming blind detection of the discovery messages. Regarding option 2, we consider that enhanced resource allocation is essential in order to achieve periodic discovery transmission. If enhanced resource allocation is introduced, fundamental difference between the two options would be the SCI transmission. Option 2 is beneficial due to its future extensibility for various message formats with variable payload size for discovery with the cost of additional overhead for SCI transmission. Therefore, such trade-off between the flexibility and efficiency would be considered even if a large payload is required. 
Proposal 2: If the payload size of the Rel-12 discovery is not sufficient for the relay discovery, the number of blind detections would be kept to a moderate level for the PC5-D option and optimization for periodic transmission would be introduced for the PC5-C option.

2.2. Resource pool configuration
In Rel-12, the resource pool configuration is determined for communication and discovery. Each channel can have multiple resource pools by configuring for efficient D2D operation, e.g., for UE dedicated resource allocation and UE autonomous resource allocation. Since D2D channels are determined on uplink radio resources, if we introduce new resource pool configuration in Rel-13, additional resource fragmentation and overhead is expected. This will lead to degradation of the uplink throughput and increase in the UE complexity for D2D operation. Therefore, it is preferred to use Rel-12 compatible resource pool configurations regardless the two transport options. The same principle shall be applied to the relay communication for the UE-to-Network relay.

Proposal 3 Rel-12 compatible resource pool configurations are used regardless the two options.
The resource pool configuration could be either pre-configured or configured by relay UEs as discussed in our companion paper [4]. If the PC5-D option is selected for the relay discovery, we consider either resource pool configuration option is feasible because of the limited overhead. In the case of the PC5-C option, a relay UE assisted resource pool configuration should be considered to retain the flexibility of Rel-12 resource pool. In order to multiplex with Rel-12 discovery or Rel-12 communication without increased collision, the existing resource allocation mechanism, e.g., hopping pattern, should be kept as much as possible.

2.3. Discovery model
In SA2, both model A (UE announcing "I am here") and model B (UE asking "who is there" and/or "are you there") discovery are considered. When numbers of remote UEs are requesting UE-to-network relay, model A is preferred to reduce the on-demand signalling overhead, e.g., when a disaster occurs around the eNB. Model A is also beneficial in reducing the latency. On the other hand, model B is beneficial to save in coverage radio resource when limited number of UEs are requesting the UE-to-network relay. Another motivation for using model B is that model B discovery can be used as a second priority relay while relay UEs providing model A relay discovery are selected with higher priority. It would be a good option to reduce the number of relay UEs that actively transmitting relay discovery while keeping the connectivity to the network by using model B discovery. Combination of model A and model B discovery is also an alternative or complementary solution to implicitly indicate the status/maintenance flag in the relay discovery. Therefore, we consider that it is beneficial to specify the relay discovery for both model A and model B.
Observation 3: Both model A and model B discovery are beneficial for efficient operation of relay discovery.
If model B discovery is supported, remote UEs may not able to obtain information regarding relay availability. If no information is provided by in coverage UEs, the remote UE shall periodically transmit request for relay discovery when in-coverage PSBCH is found. If some operational information regarding the UE-to-network relay is broadcasted in the PSBCH or another channel, further enhancement in terms of power consumption of the remote UE is expected.
2.4. Relay Selection

Regarding the relay selection criteria, we assume that measurement based relay selection would be the baseline. The measurement resources would be DM-RS in the relay discovery from the relay UEs. Measurement on the reverse link, i.e., measurement by the relay UE is also considered. Except for the transmission power difference, measurement result would be almost same since uplink resources are used for both directions. However, the relay UE is able to obtain the link quality for only one link. Thus measurement reports to the eNB are necessary in this case. Considering the signalling overhead, first option, i.e., measurement by remote UE is preferred. 
When selecting the relay UE, the best relay UE should have balanced link quality for both access link (between relay UE and remote UE) and backhaul link (between relay UE and eNB). In that sense, relay UE selection by the remote UE based on the relay discovery from the relay (candidate) UEs only ensures optimized access link. Thus additional measures to ensure backhaul quality are necessary. For backhaul quality management, we consider that eNB can manage the backhaul quality by activating/de-activating the relay candidate UEs as shown in Figure 2. UE autonomous activation/de-activation with the assistance of the eNB is also considered. By combining the relay UE activation/de-activation and measurement by the remote UE, a distributed relay UE selection is achieved as shown in Figure 2 (a). Such distributed relay UE selection would be beneficial to reduce the required signalling overhead. In the case of centralized relay selection as shown in Figure 2 (b), relay UEs may have to report measurement results to the eNB in order to compare the access link quality levels. A significant signalling overhead is expected for the measurement report since multiple relay UEs are involved in the report. In order to reduce the number of reports form the relay UEs, sensitive threshold setting regarding the conditions under which the measurement results are reported would be required. Such centralized approach will become further complicated when the remote UE finds multiple relay UEs in multiple cells. Even if authorization of the relay UE is required before IP address assignment, additional interaction involving EPC would be applicable for both distributed and centralized options. Detailed discussion on the authentication and validation would be held in RAN2 and SA3. Therefore, we propose the following:
Proposal 4:
Relay UE is selected by remote UE based on measurement on the DM-RS in relay discovery. FFS: Additional criteria.
For efficient relay selection, some prioritization or filtering among detected relay nodes would be further considered, e.g., RRC state and connectivity information for the relay UE.
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Figure 2:
Relay UE selection based on measurement on the remote UE

3. Conclusion

In this contribution, we described the design considerations on the relay discovery. Observations and proposals are summarized below.
· Observation 1: Expected payload size for the UE-to-network relay discovery could be less than or comparable to the Rel-12 discovery payload size.
· Observation 2: Inclusion of RAN related parameters in the discovery relay is considered.
· Observation 3: Both model A and model B discovery are beneficial for efficient operation of relay discovery
· Proposal 1: If the payload size of the Rel-12 discovery is sufficient for relay discovery, PC-5D option should be selected.
· Proposal 2: If the payload size of the Rel-12 discovery is not sufficient for the relay discovery, the number of blind detections would be kept to a moderate level for the PC5-D option and optimization for periodic transmission would be introduced for the PC5-C option.
· Proposal 3 Rel-12 compatible resource pool configurations are used regardless the two options.
· Proposal 4:
Relay UE is selected by remote UE based on measurement on the DM-RS in relay discovery. FFS: Additional criteria
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