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1 Introduction
At the RAN1 #88b meeting, there were some discussions on potential enhancement for discovery in FeD2D. However, no agreement was reached due to limited time. In this contribution we continue to discuss the discovery aspects which mainly address efficiency issues for bandwidth limited devices.
2 Discussion on efficient discovery
2.1 Enhancement for 6-PRB bandwidth limited devices
In FeD2D, remote UEs with limited bandwidth are under consideration [1], such as eMTC devices with 6 RBs bandwidth, while a relay UE can support full bandwidth operation. According to our analysis [2], the bandwidth limited remote UEs may take a long time to detect the discovery message transmitted by a relay UE. They may even fail to receive the message from a relay UE due to limited working bandwidth.
A possible enhancement to address the problem is to introduce narrowband defined in eMTC to sidelink. A narrowband is defined as six non-overlapping consecutive physical resource blocks in the frequency domain [3]. The uplink narrowband configuration can be reused in the sidelink transmission bandwidth. The eNB can configure some of the narrowbands for bandwidth limited remote UEs monitoring discovery messages as illustrated in Figure 1. The relay UEs can transmit a discovery message and its retransmissions on one of the narrowbands configured by eNB. To support OoC remote UEs, the narrowbands should also be known by remote UEs. Instead of performing blind detection in the discovery RX pools, the remote UEs can listen only on these narrowbands for discovery messages from relay UEs. Since the retransmissions of a discovery message are in one narrowband, the bandwidth limited remote UEs do not need to switch to different narrowbands to decode the message. 
The configured narrowbands can be in one or more discovery pools in case that the bandwidth of the pool is larger than that of a narrowband. The eNB can also configure one or more narrow band discovery pools and the bandwidth of the pools equals to the bandwidth of the narrowband. In this case, at least the frequency resource of the pools should be known by remote UEs.
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Figure 1. Narrowband based discovery channel
Furthermore, to reduce the searching time of remote UE, discovery narrowbands can be divided into several primary narrowbands and several secondary narrowbands. The relay UEs can transmit discovery messages on corresponding primary narrowband and one or more secondary narrowbands, while the remote UEs can receive on the corresponding primary narrowband and tune to the related secondary narrowband after initial discovery.
Proposal 1: Narrowband based discovery message transmission is supported. 
· The size of narrowband should be aligned with the bandwidth limitation of remote UE.
· The narrowbands for bandwidth limited UEs monitoring discovery messages should be known by IC and OoC remote UEs. 

· The narrowbands can be divided into primary narrowbands and secondary narrowbands.
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 a narrowband priori known by the remote UE. 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 2. 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 2. Narrowband based discovery channel and communication channel
Proposal 2: The narrowband for communication by the relay UE can be linked with the narrowband for discovery by the relay UE.
2.2 Enhancement for 1-PRB bandwidth limited devices
In addition to eMTC type UEs, IoT type UEs with 1-PRB bandwidth are also considered in FeD2D. The enhancement for bandwidth limited remote UEs discussed in the previous section is also suitable for 1-PRB bandwidth devices. However there is an additional potential issue for 1-PRB bandwidth devices. The current sidelink discovery message is with fixed size of 232 bits occupying 2 PRBs per subframe. If the discovery message size kept the same, the discovery message transmission needs to be modified and could, e.g., occupy two consecutive subframes. 
Observation 1: The narrowband based discovery enhancement can be reused for 1-PRB bandwidth limited devices. 
Observation 2: Depending on the discovery message size, enhancements for discovery message transmission need to be further studied. 
3 Conclusions
In this contribution, the possible discovery enhancement to support bandwidth limited devices are discussed. Based on the discussion, we have the following observations and proposals:
Proposal 1: Narrowband based discovery message transmission is supported. 

· The size of narrowband should be aligned with the bandwidth limitation of remote UE.

· The narrowbands for bandwidth limited UEs monitoring discovery messages should be known by IC and OoC remote UEs. 

· The narrowbands can be divided into primary narrowbands and secondary narrowbands.
Proposal 2: The narrowband for communication by the relay UE can be linked with the narrowband for discovery by the relay UE.
Observation 1: The narrowband based discovery enhancement can be reused for 1-PRB bandwidth limited devices. 

Observation 2: Depending on the discovery message size, enhancements for discovery message transmission need to be further studied. 
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