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1 Introduction
This paper provides and discusses two resource coordination strategies to enable D2D communication for partial coverage. The preferred strategy is then suggested, and the further issues relevant to the strategy are also discussed.
2 Discussion

2.1 Resource coordination for partial coverage scenario
In partial coverage scenario, some UEs are in network coverage and other UEs are out of coverage. In this scenario, D2D communication among those UEs may be challenging because the allowed resources to use by UE are different in and out of coverage. To make sure a successful D2D communication in partial coverage case, the following two requirements should be satisfied: 

1) RX resource pool should be shared by all UEs in the same communication group, and 

2) TX resource should be a subset of RX resource pool shared by UEs in the same communication group. 
2.2 Resource coordination strategies between in and out of coverage
We consider two resource coordination strategies to enable D2D communication between UE in-coverage and out-of-coverage. In Figure1, UE1 enters network coverage and thus becomes subject to network configuration regarding operation mode and resources to use for D2D communication.  
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Figure1. A scenario where UE1 and UE2 are using TX pool A (e.g. preconfigured resource pool) and UE1 is entering network coverage
To enable resource coordination, two strategies are considered:

3) Strategy 1: Out of coverage UE adapts TX resource pool 

4) Strategy 2: In coverage UEs adapts resources 

Strategy 1: Out of coverage UE adapts TX resource pool 
In this strategy, resource pool coordination is performed such that out of coverage UEs adapt resource pool according to in-coverage resource pool in order to enable partial coverage D2D communication. To make UEs out of coverage know resource pool configured by network, UE in coverage needs to provide the resource pool used in network coverage to out of coverage UEs. It is noted that the adaption can be done with higher degree of freedom as there is no practical limiting factor towards the resource usage out of coverage. 
Figure 2 briefly illustrate how this strategy works. As shown in Figure2, when UE1 enters network coverage and becomes aware of TX resource pool configured by the network, it announces (forwards) the resource pool used by network coverage. This announcement may be initiated by network command or preconfigured rule basis. If out-of-coverage UE (UE2) receives the announcement on resource pool used by network coverage, it adapts the current resource pool (e.g. preconfigured pool) with taking the received resource pool into account.
In the following, which resource pool information needs to be informed to UE out of are discussed. 
1) TX resource pool configured by network 

Network-configured TX resource pool should be informed to UEs out of coverage such that the out of coverage UE adapts its transmission resources within the informed TX resource pool. When UE out of coverage receives network-configured TX resource pool, it has to replace its TX resource pool by the received TX resource pool.  
2) RX resource pool configured by network
Network-configured RX resource pool should be also informed to UEs out of coverage such that out of coverage UE adapts its monitoring resources so as to enable reception of D2D communication. When UE out of coverage receives network-configured RX resource pool, it has to expand its RX resource pool by taking the received RX pool into account so as to receive D2D transmission from network. 
Considering that RX resource pool configured by network may include TX resources of other cells to enable inter-cell discovery, informing RX resource pool only without TX resource pool to out of coverage UEs cannot ensure that UE out of coverage would perform D2D TX by using resources within RX resource pool used by in coverage UEs.    
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Figure2. Resource coordination with strategy1 upon entering network coverage

Strategy 2: In coverage UEs adapts resources 
In this strategy, resource pool coordination is made such that in coverage UE adapts TX resource pool. The adaption is intended to restrict TX resources used by in coverage UEs within RX resource pool used by UE out of coverage UEs, because such adaptation enables UEs out of coverage to receive D2D transmissions of UEs in coverage. Then the resulting TX resource pool after the adaption will be the logical common resources of both TX resource pool for in coverage and TX resource pool for out of overage, as shown in Figure3.   
The adaptation of TX resources should also require UEs in coverage UE to adjust its D2D TX timing in accordance with the RX resource pool used by UEs out of coverage. This TX timing adjustment might incur server interference to other UL traffic in coverage in case of FDD or UL/DL interference to UL/DL traffic in case of TDD. This observation may justify the argument that this strategy is not viable.    
It is worth noting that UE in coverage is not allowed to use resources outside network-configured resources (for mode1) or network-allocated resources (for mode2), the resource coordination is only possible within the logical common resources as indicated in above paragraph. As a result the adaptation is only possible with quite less degree of freedom. 

This strategy requires eNB to know the RX resource pool used by the concerned group partially operating out of coverage. This can be realized by UE reporting (UE reports to eNB the resource pool used by out of coverage UEs) or OAM. 
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Figure3. Resource coordination with strategy2 upon entering network coverage
Which strategy to adopt

In our view, strategy1 should be adopted for resource coordination strategy for the reason that strategy2 may not be viable from interference point of view and also that strategy2 only allows quite limited degree of freedom in resource coordination.  

Proposal 1
Adopt the resource coordination strategy that out of coverage UEs adapt D2D resources (i.e. strategy1). 

Proposal 2
UE in coverage announces resource pool information configured by network such that UE out of coverage UE can receive the information.  
Proposal 3
The resource pool information announced by UE in coverage includes 1) network-configured TX resource pool and 2) network-configured RX resource pool.   
2.3 Further issues of strategy1
Condition to determine when UE in coverage starts/stops announcing network-configured resource pool
It should be defined in which condition UE in coverage is required to start or stop announcing resource pool configured by network. The straightforward condition is that UE announces the resource pool if it is configured by network to do so. Dedicated configuration would be beneficial to allow network to control announcing the TX pool of individual UEs in coverage depending on e.g. channel quality of Uu interface. 
Proposal 4
Network can configure individual UE with announcement of resource pool configured by network.  

To request network to configure announcement of resource pool, UE should be able to indicate to network the necessity of the announcement. 
Proposal 5
UE can indicate to network the necessity of announcement of resource pool configured by network.    

Single announcement of resource pool used in coverage may not be sufficient to make all UEs out of coverage become aware of the announced information. Once the announcement of resource pool is allowed by network, it would be beneficial to announce multiple times. It may be left to UE implementation when and how often UE actually announces. In addition to this, network should be able to stop UE from announcing the resource information at any time.  

Proposal 6
If UE is configured to start announcing, UE considers that it is allowed to announce resource pool configured by network. Actual announcement is up to UE implementation.    
Proposal 7
If UE is configured to stop denouncing, UE immediately stops announcing resource pool configured by network.   
Multiple TX resource pools forwarded to out of coverage UE

Another issue would be that in case where TX resource pool across cells in network coverage are different or not exactly overlapped, UE out of coverage may receive different TX resource pool sent by different UEs in different cells, as shown in Figure4. In this case, the out of coverage UE needs to decide one TX resource pool to use for its transmission. Our view is that this decision may be left to UE implementation. No standardization effort is needed. We assume that RX pools configured are common across cells as inter-cell communication is not possible otherwise.  
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Figure4. Multiple TX resource pools are forwarded to out of coverage UE
Proposal 8
When UE out of coverage receives multiple TX pools configured by network, it is up to UE implementation which TX pool the UE should apply.    
3 Conclusion
Proposal 1
Adopt the resource coordination strategy that out of coverage UEs adapt D2D resources (i.e. strategy1). 

Proposal 2
UE in coverage announces resource pool information configured by network such that UE out of coverage UE can receive the information.  

Proposal 3
The resource pool information announced by UE in coverage includes 1) network-configured TX resource pool and 2) network-configured RX resource pool.   
Proposal 4
Network can configure individual UE with announcement of resource pool configured by network.  

Proposal 5
UE can indicate to network the necessity of announcement of resource pool configured by network.    

Proposal 6
If UE is configured to start announcing, UE considers that it is allowed to announce resource pool configured by network. Actual announcement is up to UE implementation.    
Proposal 7
If UE is configured to stop denouncing, UE immediately stops announcing resource pool configured by network.   
Proposal 8
When UE out of coverage receives multiple TX pools configured by network, it is up to UE implementation which TX pool the UE should apply.    
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