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1 Introduction
At the RAN1 #89 meeting, the following agreement on discovery enhancement was reached [1].

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 continue to discuss and compare options for discovery design enhancement. In addition, we discuss specific design for association between discovery and communication resources. 
2 Discussion on enhancement for discovery procedure
To facilitate the monitoring of discovery messages by bandwidth limited remote UEs, enhancements can be used, as described in [2]. As illustrated in Figure 1, the eNB can configure a dedicated narrowband for bandwidth limited remote UEs monitoring discovery messages. The relay UEs can transmit a discovery message expected to be received by the bandwidth limited remote UEs in that narrowband. Instead of performing blind detection within the entire wideband discovery RX pool, the remote UEs can monitor only the narrowband for discovery messages from relay UEs. The eNB can configure a narrowband pool using the exiting signaling, or configure a narrowband in a wideband pool. In Rel. 12/13 D2D, the RX pools for out-of-coverage UEs are pre-configured and may cover pre-configured TX pools as well as all possible TX pools configured by eNB. To avoid blind detection by out-of-coverage remote UEs, the configured narrowband needs to be indicated (e.g. by SL-MIB) to out-of-coverage remote UEs.
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Figure 1. Narrowband based discovery channel
Since there are 6 PRB bandwidth limited UEs and 1 PRB bandwidth limited UEs, there are two types of narrowband, 6 PRB narrowband and 1 PRB narrowband respectively. The narrowband can be configured with any PRBs in the sidelink bandwidth, or the narrowband division is fixed in the sidelink bandwidth, similar to eMTC.

In addition, the configured narrowband can be defined as primary narrowband for initial discovery. After initial discovery or one-to-one communication establishment, the remote UE can be tuned to a secondary narrowband to monitor discovery.
Three options for discovery enhancement including the proposed configuring narrowband for remote UE monitoring discovery, multi-shot transmission across discovery pools, and association of discovery transmission and reception resources are analyzed as below. 
· Multi-shot transmission across bandwidth of discovery pool(s). A Relay UE transmits a message multiple times in one pool or across all configured TX pools so that remote UEs monitoring any narrowband can receive the message. However, the system capacity is degraded, and the relay UEs consume more power since they have to transmit multiple copies of the same message. The number of transmissions grows when the pool bandwidth increases. Furthermore, for discovery Model B, this option is really inefficient since the relay UE transmits multiple copies of the same message in response to one remote UE message. Thus, this option does not appear very promising.
· Association of discovery transmission and reception resources. The discovery transmission resource for relay UE is associated with reception resources of discovery message from remote UE, so that remote UE only needs to monitor dedicated resources. This option might be suitable for discovery Model B. However, the TX/RX association may not be easy to do when the remote UE is out-of-coverage. Currently, the transmission pool for the relay UE is configured by the eNB while the transmission pool for out-of-coverage remote UE is pre-configured. Thus these two pools cannot easily be associated, unless the eNB configures the pool according to the pre-configured pool. This significantly reduces the existing flexibility in pool configuration. Furthermore, this option cannot be used for discovery Model A. 
· Configuring a narrowband for remote UE monitoring discovery. The eNB configures a narrowband for remote UEs monitoring discovery. The relay UEs only need to transmit a discovery message in one narrowband. As an example shown in Figure 2 (b) for multi-shot transmission option, the relay UE transmits a message 8 times in different narrowband in a discovery period. Figure 2 (a) shows an illustration of configuring narrowband option. The relay UE in Figure 2 (a) uses one eighth resources and consumes one eighth power of the relay UE in Figure 2  (b). This option is suitable for both discovery Model A and Model B. Thus there is no need to differentiate discovery model at the UE access stratum. 
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Figure 2 (a). Configuring narrowband for remote UE monitoring discovery
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Figure 2 (b). Multi-shot transmission across bandwidth of discovery pool(s)
Proposal 1: eNB can configure narrowband(s) for remote UE monitoring discovery.
· The configured narrowband is indicated to out-of-coverage remote UEs. 

· The configured narrowband can be defined as a primary narrowband used for initial discovery.

· After initial discovery, the remote UEs can tune to other narrowbands defined as secondary narrowbands. 
3 Discovery enhancements to assist communication establishment

After the discovery process, a remote UE can initiate the one-to-one communication establishment procedure. Without knowing the frequency resource used by the relay UE transmitting response message, the bandwidth limited remote UE may monitor different frequency resources other than the used ones by the relay UE. Thus the remote UE may fail to receive the message from the relay UE. To address the problem, the response by the relay UE could be transmitted in resources a priori known by the remote UE. For example, the narrowband used for transmitting communication response message by the relay UE can be associated with the narrowband used for transmitting discovery message by the relay UE, as shown in Figure 3. Thus the remote UE can successfully receive the response message from the relay UE by monitoring the right narrowband. After the one-to-one communication establishment, the relay UE can indicate its TX resources to the remote UE. Before the relay UE indicates its TX resources to the remote UE, it can transmit communication messages on the associated narrowband. 
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Figure 3. Narrowband based discovery channel and communication channel
Proposal 2: For the relay UE, the transmission resource used in the one-to-one communication establishment procedure is linked with the discovery transmission resource.
4 Conclusions
In this contribution, a universal discovery enhancement for two discovery models is proposed. In addition, a specific design for association for discovery and communication resources is discussed. Based on the discussion, we have the following observations and proposals:
Proposal 1: eNB can configure narrowband(s) for remote UE monitoring discovery.
· The configured narrowband is indicated to out-of-coverage remote UEs. 

· The configured narrowband can be defined as a primary narrowband used for initial discovery.

· After initial discovery, the remote UEs can tune to other narrowbands defined as secondary narrowbands. 
Proposal 2: For the relay UE, the transmission resource used in the one-to-one communication establishment procedure is linked with the discovery transmission resource.
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