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1 Introduction
At the RAN1 #88 meeting, contents of section 5.2 (LTE sidelink enhancements) for the 3GPP TR 36.746 [1] was reached as below [2].
· 5.2.1 General considerations on sidelink enhancements
· 5.2.2 Synchronization aspects
· 5.2.3 Discovery aspects
· 5.2.4 Communication and UE-to-NW relaying aspects

· 5.2.5 Summary and conclusions on LTE sidelink enhancements

In this contribution we discuss the discovery aspects which mainly address power efficiency issues.
2 Discussion on efficient discovery
In LTE Rel-13 sidelink, the relay discovery message is transmitted through the direct discovery channel PSDCH with fixed message size of 232 bits occupying 2 PRBs per subframe with configurable number of (re)transmissions. There are two models for discovery procedure. In model A, the relay UE transmits an announcement message in order to be discovered by a remote UE. In model B, the remote UE transmits a solicitation message and is responded by a relay UE. After the remote UE discovers a relay UE, it can initiate the one-to-one communication establishment procedure. The remote UE transmits a direct communication request message to the relay UE through PSSCH, and the relay UE responds the remote UE through PSSCH. 
In FeD2D, remote UEs with limited bandwidth are under consideration [3], such as MTC devices with 6 RBs bandwidth, while relay UE can support full bandwidth operation. Since bandwidth limited remote UEs cannot process the whole sidelink bandwidth, they may take a long time to successfully detect the discovery announcement message transmitted by a relay UE in discovery model A according to current specification. In Mode B discovery, the remote UE may even fail to detect the response message from relay UE, because the frequency resources monitored by remote UE may be different from those used by the relay UE in the response subframe. Therefore, the enhancement to discovery to improve message reception efficiency for bandwidth limited remote UEs should be studied. The argument is similar for one-to-one communication establishment procedure.
Observation 1: 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.
For mode B discovery and one-to-one communication establishment, one potential enhancement is that the relay UE can respond the remote UE in a resource associated with the solicitation resource used by the remote UE. The benefit is that the remote UE can receive the respond with dedicated resource avoiding blind detection. However, when the remote UE is out-of-coverage (OOC), it transmits a message in the preconfigured TX resource pool. The resource for the response, which is associated with the solicitation resource in a preconfigured TX resource pool, may not be in a TX resource pool configured by eNB. Thus the relay UE, which transmits a message in the TX resource pools configured by eNB, may not be able to use the associated resource. Therefore an enhancement with support of OOC remote UEs would be beneficial. 
A possible enhancement for discovery is that the bandwidth of discovery channel can be divided into several sub-bands as illustrated in Figure 1. The relay UEs can transmit discovery messages on sub-bands configured by eNB. The remote UEs can listen only on these sub-bands for discovery messages from relay UEs. Thus the detection time of the remote UEs can be reduced. To support OOC remote UEs, the sub-bands for discovery can be indicated by MIB-SL. Thus the OOC remote UEs can get the information of sub-bands through synchronization procedure. 
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Figure 1. Sub-band based discovery channel
Furthermore, to reduce the searching time of remote UE, discovery sub-bands can be divided into several sub-bands with primary sub-bands and several secondary sub-bands. Given different bandwidth for (e)MTC devices and IoT devices, bandwidth of sub-bands can have 6-PRB bandwidth or 1-PRB bandwidth. The relay UEs can transmit discovery messages on corresponding primary sub-band and one or more secondary sub-bands, while the remote UEs can receive on the corresponding primary sub-band and tune to the related secondary sub-band after initial discovery.
Proposal 1: Sub-band based discovery channel design can be considered.

For the one-to-one communication following the discovery process, the sub-band used for transmitting communication response message by the relay UE can be associated with the sub-band used for transmitting discovery message by the relay UE as shown in Figure 2. Thus the remote UE can successfully receive the communication response message from the relay UE by monitoring the right sub-band. Since the TX resource pool for the relay UE transmitting discovery and communication are both configured by eNB, the sub-bands can be associated with each other. The relay UE may indicate its TX resources to remote UE after the one-to-one communication establishment. Before the relay UE indicates its TX resources to the remote UE, it can transmit communication messages on the associated sub-band. 
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Figure 2. Sub-band based discovery channel and communication channel
Proposal 2: The sub-band for communication by the relay UE can be associated with the sub-band for discovery by the relay UE.
3 Conclusions
In this contribution, the possible discovery enhancement solutions are discussed. Based on the discussion, we have the following observations and proposals:
Observation 1: 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.
Proposal 1: Sub-band based discovery channel design can be considered.

Proposal 2: The sub-band for communication by the relay UE can be associated with the sub-band for discovery by the relay UE.
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