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1 Introduction
In the 3GPP RAN1 #89 meeting, discovery enhancement for feD2D was discussed and the following agreements were made [1]. Since power efficient discovery operation is necessary for wearable and MTC devices, some enhancements will be necessary for feD2D discovery. 

Agreement

· The following discovery design enhancements are further studied

· Multi-shot discovery transmission across bandwidth of discovery pool(s) for Relay UE

· eNB assistance signaling to allow/improve Relay UE discovery

· Association of discovery transmission and reception resources

· Narrowband definition for discovery operation including 1 PRB and 6 PRB narrowband

· FFS whether discovery enhancements can be discovery model specific

· Other design options are not precluded

· Prepare LS and inform other WGs that RAN1 is evaluating discovery enhancements and ask for feedback about the possibility of awareness of discovery model at access stratum
Agreement

· For bandwidth limited Remote UEs, discovery enhancements to aid communication establishment for UE-to-NW relaying are beneficial

· The following enhancements are further studied

· eNB assistance signaling

· Association of discovery and communication resources

· Other design options are not precluded
In this contribution, we discuss our views on the discovery design enhancements and association between discovery and communication. 

2 Discussion
The main purpose of discovery enhancement in feD2D is to improve the discovery procedure so that the power consumption of remote UEs can be reduced. It is important to reduce the active time of discovery and communication set up time as much as possible. 

2.1 Discovery design enhancements
For efficient discovery operation, due to the limited bandwidth capability of 6PRB or 1PRB in remote UEs, multiple discovery channels may need to be monitored by remote UEs. Therefore it is necessary to reduce such monitoring effort. Several enhancement options were identified in previous meetings.

Model A discovery
Due to the bandwidth limitation, it is necessary that either the maximum bandwidth of the discovery resource pool is set to that of the remote UEs’ bandwidth capability or a discovery sub-channel is introduced, whose maximum bandwidth is the same as that of remote UEs. Sub-channels can be configured that are a subset of the resource pool (Figure 1). 
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Figure 1
  Discovery resource pool
From the relay UE point of view, according to the existing definition of discovery resource pool in Rel-12 D2D, the allocated discovery sub-channels can be defined as the sub-channels where a relay UE may potentially transmit discovery signals. Therefore relay UEs need to select transmission sub-channels based on some kinds of criteria. From the remote UE point of view, similarly, the remote UE should monitor one or more allocated discovery sub-channels. Due to the limited bandwidth of remote UEs, time coordination among discovery sub-channels should be used when more than one sub-channel should be monitored. To support an efficient discovery procedure, there can be two ways, either multiple discovery signal transmission on all allocated sub-channels by the relay UE or coordinated transmission/reception between the relay UE and remote UE.
For multiple discovery signal transmission, sub-channel selection criteria of the relay and remote UEs should be set properly so that selection mismatch will not happen. When the multi sub-channel transmission with model A is used at the relay UE, the resource pool selection criterion at the relay UE should be that all sub-channels are transmitted. If the number of configured sub-channels is greater than the number of sub-channels that the relay UE can transmit at the same time, the relay UE should properly select the sub-channels to transmit in each subframe. In the next discovery transmission occasion, the relay UE should transmit discovery signals on the sub-resource pools where discovery signals were not transmitted in the previous occasion. On the other hand, the remote UE can only randomly select one sub-channel from the allocated sub-channels in this case.

For coordinated discovery transmission and reception, the eNB can configure sub-channels to be transmitted for the relay UE. At the same time, the eNB can configure the monitoring window for discovery for remote UEs so that remote UEs can efficiently find the relay UEs. Since remote UEs have the possibility to be configured with multiple sub-channels to monitor, configuration of the monitoring window for each sub-channel is necessary for remote UEs.
Proposal 1: Sub-channel selection for discovery transmission should be introduced when multiple discovery sub-channels are configured.
Proposal 2: For coordinated discovery transmission and reception, configuration of the monitoring window for discovery should be supported for remote UEs.
Model B discovery
For model B discovery, the remote UE can initiate discovery transmission to the relay UE. Since the relay UE can be assumed to have full bandwidth capability, the remote UE can select one discovery sub-channel and transmit a discovery signal on that. After receiving a signal from a remote UE, the relay UE should transmit a response signal to the remote UE. Similar to the model A operation, some coordination between the relay and remote UE will be necessary for response transmission. One possible way is for the remote UE to indicate in its initial discovery transmission the sub-channel where the relay UE should transmit the response message. The remote UE can receive the response message with the indicated sub-channel as shown in Figure 2. 
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Figure 2
   Sub-channel indication for response
It may be also possible to transmit the response message through the Uu DL from the relay UE via the eNB. Especially for the unidirectional remote UE that does not have sidelink reception capability, this scheme is necessary. To support this scheme, it is necessary to indicate sidelink reception capability in the discovery signal from the remote UE. 

Proposal 3: For model B discovery, sub-channel indication for the response message should be introduced.

Proposal 4: For model B discovery, response message transmission through the eNB can be supported.
2.2 Discovery enhancements to aid communication establishment

After discovery of a target relay UE, it is beneficial to establish the communication link between relay UE and remote UE as soon as possible. Some enhancements can be considered.
One way is that eNB assistance signalling is used to coordinate between discovery and communication. When the eNB configures communication resource pools for relay and remote UEs, the eNB also configures the anchor sub-resource pool where the relay UE will transmit necessary control information for remote UEs. Since the relay UE can be configured with multiple sub-resource pools for transmission and the remote UE can only receive a narrow band sub-resource pool, it is beneficial to indicate in advance which sub-resource pool should be monitored as the anchor sub-resource pool. After discovery of a target relay UE, the remote UE starts to monitor the configured anchor sub-resource pool. 
The other way is to use association of discovery and communication resources. If the discovery message includes the information regarding the anchor communication resource pool, the remote UE can start monitoring the sub-resource pool where the relay UE will transmit necessary control information for the relay UE. The anchor sub-resource pool can also be indicated by the response message from the relay UE in model B discovery. Furthermore, it is also possible to make the association between discovery and communication resources in a preconfigured manner. 
Proposal 5: Anchor sub-resource pool can be configured to establish communication link.
Proposal 6: It is beneficial that discovery and communication resources are associated. Association information can be signaled in the discovery message or can be preconfigured.
3 Summary
In this contribution, the following proposals are made:
Proposal 1: Sub-channel selection for discovery transmission should be introduced when multiple discovery sub-channels are configured.

Proposal 2: For coordinated discovery transmission and reception, configuration of the monitoring window for discovery should be supported for remote UEs.

Proposal 3: For model B discovery, sub-channel indication for the response message should be introduced.

Proposal 4: For model B discovery, response message transmission through the eNB can be supported.
Proposal 5: Anchor sub-resource pool can be configured to establish communication link.

Proposal 6: It is beneficial that discovery and communication resources are associated. Association information can be signaled in the discovery message or can be preconfigured.
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