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1. Introduction

At RAN#73, the study item “Further enhanced Device-to-Device communication for wearable IoT and Relays” was approved with the following RAN1 objectives [1]:

	2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focusing on analysis of wearable use cases [RAN1, RAN2].

b. Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].

c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].


UE-to-Network Relay topic in Further enhanced Device-to-Device study item was also discussed during RAN 1 #88 [2]. The following agreements were achieved: 

Agreement: No evaluation scenarios for coverage scenario 2 and 3 as defined in TR36.746
R1-1704014
Draft LS on text proposal for Section 5.2 of the TR 36.746
Agreed in R1-1704105 [3]
In RAN1 #88bis [4], synchronization aspects related agreements in this study item are shown in the following.

Agreement
· Two types of Remote UEs are considered 

· Type 1 – UEs that have DL and SL reception capabilities 

· Type 2 – UEs that do not have SL reception capabilities

· Low complexity Remote UEs can have single RX chain 

· In unidirectional relaying case, the chain can be fixed to DL or FFS switched to SL for discovery

· In bidirectional relaying case, the receiver chain may be switched between DL and SL for discovery and communication

· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UE

Based on the above-mentioned agreements, in this paper, we will discuss the coverage enhancement using SLSS transmission, the benefits from the coverage enhancement of eNB’s timing, and the synchronization considerations for UE-to-Network Relay including the collision issue when an in-coverage remote UE received two synchronization signals from two synchronization sources/ in-coverage Relay UEs. 
2. The coverage enhancement using SLSS transmission
The demand of SLSS transmission originates from expanding the core network coverage. The synchronization source may help to expand the limited coverage [4], while the eNB has higher priority than other synchronization. Hence, the reliability of detected timing should be considered as well.   
SLSS transmission from the synchronization source may be exploited to extend the coverage of the major network. At the same time of transmitting SLSS, the timing reference of the major network, which is often the core network eNB connected to, can be retrieved by the UEs that are suffered from some difficulty of connecting to the major network. 

Hence, SLSS transmission can distribute the timing reference and extend the coverage of the major network. Additionally, it is also addressed a UE may distribute the timing from the detected D2D synchronization source after it synchronizes to it.
Proposal 1: The coverage enhancement can be facilitated by SLSS transmission, and the reliability of detected timing should be considered as well.
3. The benefits from the coverage enhancement of eNB’s timing using SLSS transmission

There are two major benefits. They are

a) Extending the coverage of the major network, which is often the core network eNB connected to.

Off course, distributing the timing derived from major network is to help extending the coverage of the major network. While the major network is often the core network eNB connected to. Then the core network coverage can reach further to the UEs those did not synchronize to it initially. 

b) Reduce amount of unique timings used in SLSS transmission

It is obvious that when the number of misaligned timing reference distributed by SLSS transmission increases, interference among misaligned timing will also become severe. Hence, to keep the number of unique timings to a minimum can eliminate such interference and maintain the unity of a synchronous network. To reduce to amount of unique timings used in SLSS transmission is essential to the unity of a synchronous network.
Proposal 2: The number of unique timings should be kept to a minimum, which should be considered in SLSS transmission.
4. Synchronization Considerations for UE-to-Network Relay 
In the section, we will introduce two use cases that can benefit from the synchronization and re-synchronization procedures in the coverage enhancement of eNB’s timing. One use case is for the in-coverage (InC) remote UEs, which are in the edge of the shadow region. Another use case is for in-coverage (InC) remote UEs, which are near the cell edge. 
However, there will be some issues when we extend eNB’s timing for the two use cases. The issues will also be introduced in this section.
4.1. The coverage enhancement of eNB’s timing for remote UEs
Figure1 shows the illustration of the coverage enhancement of eNB’s timing for an in-coverage remote UE, which is in the edge of the shadow region. In the figure, the in-coverage remote UE, which is in the edge of the shadow region, may not be able to pick up the eNB’s timing directly when the strength of the received synchronization signal (PSS/SSS) from eNB is not adequate enough. Fortunately, the in-coverage remote UE still may synchronize to the eNB’s timing when there is a nearby in-coverage synchronization source/ Relay UE. The in-coverage remote UE may receive the SLSS signal sent from the in-coverage relay UE, and then in-coverage remote UE can synchronize to the eNB’s timing through the in-coverage relay UE. Hence, the eNB’s timing may be extended to the in-coverage remote UEs, which are in the edge of the shadow region.

Observation 1: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are in the edge of the shadow region, through the nearby in-coverage synchronization sources/ relay UEs.
Similarly, Figure2 shows the illustration of the coverage enhancement of eNB’s timing for an in-coverage remote UE, which is near the cell edge. In the figure, the in-coverage remote UE, which is near the cell edge, may not be able to pick up the eNB’s timing directly when the strength of the received synchronization signal (PSS/SSS) from eNB is not adequate enough. Fortunately, the in-coverage remote UE still may synchronize to the eNB’s timing when there is a nearby in-coverage synchronization source/ relay UE. The in-coverage remote UE may receive the SLSS sent from the in-coverage relay UE, and then the in-coverage remote UE can synchronize to the eNB’s timing through the in-coverage relay. Hence, the eNB’s timing may be extended to the in-coverage remote UEs, which are near the cell edge.

Observation 2: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are near the cell edge, through the nearby in-coverage synchronization sources/ relay UEs.
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Figure 1: The coverage enhancement of eNB’s timing for an in-coverage (InC) remote UE, which is in the edge of the shadow region
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Figure 2: The coverage enhancement of eNB’s timing for an in-coverage (InC) remote UE, which is near the cell edge
4.2. The collision issue considerations when we extend eNB’s timing to in-coverage remote UEs, which are in the edge of the shadow region and/or near the cell edge
The collision issue should be considered when we extend eNB’s timing to an in-coverage remote UE, which is in the edge of the shadow region. The illustration of the use case can be shown in Figure 3. In the figure, the in-coverage remote UE, which is in the edge of the shadow, may receive two different SLSS at the same time from two different nearby in-coverage synchronization sources, i.e. InC relay UE1 and InC relay UE2, respectively. The two received SLSS will interfere to each other and the collision issue may occur. Hence, the in-coverage remote UE, which is in the edge of the shadow, can’t detect the SLSS ID correctly. 

Similarly, the collision issue also should be considered when we extend eNB’s timing to an in-coverage remote UE, which is near the cell edge. The illustration of the use case can be shown in Figure 4. In the figure, the in-coverage remote UE, which is near the cell edge, may receive two different SLSS at the same time from two different nearby in-coverage synchronization sources i.e. InC relay UE1 and InC relay UE2, respectively. The two received SLSS will interfere to each other and the collision issue may occur. Hence, the in-coverage remote UE, which is near the cell edge,  can’t detect the SLSS ID correctly. 
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Figure 3: The illustration of collision issue when we extend eNB’s timing to an in-coverage (InC) remote UE, which is in the edge of the shadow region
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Figure 4: The illustration of collision issue when we extend eNB’s timing to an in-coverage (InC) remote UE, which is near the cell edge

Proposal 3: The collision issue should be considered when we extend eNB’s timing to an in-coverage remote UE and the in-coverage remote UE, which is in the edge of the shadow region and/or near the cell edge, receives multiple synchronization signals from multiple in-coverage synchronization sources/ relay UEs.
5. Conclusions
We provide the observations and proposals for synchronization considerations for partial and outside network coverage, especially for extending eNB’s timing using SLSS transmission, which are:
Observation 1: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are in the edge of the shadow region, through the nearby in-coverage synchronization sources/ relay UEs.
Observation 2: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are near the cell edge, through the nearby in-coverage synchronization sources/ relay UEs.
Proposal 1: The coverage enhancement can be facilitated by SLSS transmission, and the reliability of detected timing should be considered as well.
Proposal 2: The number of unique timings should be kept to a minimum, which should be considered in SLSS transmission.
Proposal 3: The collision issue should be considered when we extend eNB’s timing to an in-coverage remote UE and the in-coverage remote UE, which is in the edge of the shadow region and/or near the cell edge, receives multiple synchronization signals from multiple in-coverage synchronization sources/ relay UEs.
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