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1
Introduction
According to RAN prioritisation and the currently agreed TP in [1] D2D 1:M direct communication should be possible irrespective of infrastructure coverage. Furthermore the assumption is that this communication can happen either on a dedicated carrier or on the same carrier as regular LTE. In addition it is still FFS how resources are allocated and how in-coverage UE can be controlled by the NW.
In this paper we identify some mobility scenarios that should be taken into account when determining how to perform the resource management and allocation on the same carrier as regular LTE. 
2
Discussion
2.1 eNB coverage scenarios

In the currently agreed TP in [1] 4 main scenarios are identified:
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(a) Scenario 1A                 (b) Scenario 1B
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(c) Scenario 1C             (d) Scenario 1D
In our understanding these scenarios represent what can be the case at any single point in time, however in practise D2D UEs will be mobile and will move between different scenarios.

For an individual UE involved in D2D communication (either sender or receiver) we need to consider the following scenarios with respect to eNB coverage. 
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Mobility Scenario 1: UE involved in D2D communication moves into coverage
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Mobility Scenario 2: UE involved in D2D communication moves out of coverage
Of the above 2 scenarios, one could expect that for 2, the initial resource allocation should be co-ordinated by the NW or at least already resolved (e.g. eNB may have already reserved a resource for D2D). 
However, unless eNB always reserves resources that might be used for D2D communication, then it’s likely that a D2D communication resource allocated out of coverage will require the UE to monitor for eNB coverage and then perform some level of interaction with the eNB when moving into coverage, otherwise either the on-going D2D communication would be compromised (for example interference from the uplink transmission to the eNB may cause excessive interference to a public safety UE listening to a critical transmission) or the on-going eNB communication in the same resource (transmitting UE moves into coverage of the eNB causing interference to other UE). Similarly, if the scenarios are combined, and depending on the approach taken for resource allocation, there may need to be action taken also for the case of scenario 1 occurring first, followed by 2. We expect that other mobility scenarios will occur, such as moving between eNBs, however we expect that once at least one UE is in coverage then the NW will be able to co-ordinate in these situations. The important scenarios to consider are moving between completely out of coverage to partially or fully in coverage.
There are various different approaches which have been proposed thus far, which could potentially be used for allocation and control of resources for direct 1:M communication, most of which can be grouped into 2 general approached. 
1) Uncoordinated, e.g. CSMA operation. For CSMA operation, the basic principle is that the transmitting UE will first check for potential any usage of the resources, and delay any transmission until the resources become available. This may work in the case the transmitting UE can detect any interference, however the transmitting UE cannot determine whether a listening UE can actually receive the transmission unless there is some feedback from listening UE – something which is important particularly for the public safety cases.
2) Co-ordinated, e.g. via central controlling entity or scheduling channel from transmitting UE. Similarly to the CSMA case, the controlling entity or any UE responsible for scheduling will need some feedback from other UEs to determine whether or not the transmission will be received. 
There are also different approaches to resource pool allocation – e.g. pre-configured resources for out of coverage UEs as well as potentially dynamic or semi-dynamic resource allocation controlled by the eNB in an in-coverage scenario.

In all of the cases, the above mobility scenarios provide additional challenges to consider when choosing the best approach for communication.

Proposal 1: The following mobility scenarios need to be considered in the design of any direct communication, including 1:M case in Rel-12.

· Mobility Scenario 1: UE involved in D2D communication moves into coverage
· Mobility Scenario 2: UE involved in D2D communication moves out of coverage
Since it is expected that, regardless of the approach taken for allocation of resources within a D2D group, the eNB will be involved in case of in-coverage operation, then the most likely approach that needs to be taken is that the UE moving into coverage of an eNB needs to inform the eNB of the presence of the D2D communication – since the transmitting UE and/or controlling entity may not be in the coverage of eNB, it is possible that the eNB is unable to detect the D2D signal, and also the transmitting UE is unable to inform the eNB.

Proposal 2: For at least Mobility scenario 1 UEs need to be able to inform the eNB of on-going D2D communication moving into coverage of the eNB. For scenario 2 the UE may need to inform eNB that of moving out of coverage.
Once the UE informs the eNB of the resources in use, or at least the presence of D2D communication, then there might need to be some re-negotiation of resources between the eNB and the reporting UE (also relayed to a controlling or transmitting device). However, since at least the public safety case is of a critical priority, and reconfiguration/relaying of information to controlling or transmitting devices could be complex and may cause delay or interruption to the public safety service, the simplest and most efficient approach would be that the eNB simply reserves resources that have been reported to be in use by the reporting UE. 

Proposal 3: If a D2D UE involved in D2D communication reports that resources allocated out of coverage are in use in-coverage, the eNB shall reserve those resources until further notice.
2.2 Multiple group coverage scenarios

In addition to consideration of eNB coverage scenarios, it will be possible for more than one 1:M session to occur simultaneously which also needs to be considered. 

Similar to the eNB cases shown above, it’s expected that any resource allocation made by a UE while within coverage of an eNB, or while 2 groups are in coverage of one another would be co-ordinated in some manner (including the possible case of CSMA). However, in case allocation occurs independently, then there is always a potential issue when one or more UEs move into coverage of another group using or competing for the same resources.
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Mobility Scenario 3: UE involved in D2D communication moves into coverage of another D2D group
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Mobility Scenario 4: UE involved in D2D communication moves out of coverage of another D2D group
A particular issue is as shown above in scenarios 3 and 4: If the controlling and/or transmitting UEs from 2 separate groups are unable to detect the signal from one another, then a neither a CSMA based nor a co-ordinated approach will be able to improve the situation for a receiving UE which is receiving signals from both transmitting UEs without some form of feedback from a potential receiving UE. This can also be the case even when the UEs are stationary. 

Even if it is decided in Rel-12 not to include any form of feedback, including that on control plane, the choice of architecture and the method for resource assignment should take into account the above mobility scenarios for future improvement of D2D. 

Proposal 4: The following mobility scenarios need to be considered in the design of any direct communication, including 1:M case in Rel-12.

· Mobility Scenario 3: UE involved in D2D communication moves into coverage of another D2D group
· Mobility Scenario 4: UE involved in D2D communication moves out of coverage of another D2D group
The transmitting UE needs to take into consideration whether or not the receiving UEs are able to listen on the resource as whether the transmitting UE can detect any possible interference. The actual method of taking this information into account when allocating resources at the transmitting UE will depend on the general approach taken. 
· If a control plane connection exists between a controlling entity and other UEs then this could be used to convey measurement reports either to a transmitting UE from a receiving UE or via a controlling entity.
· A purely broadcast approach may need to reserve specific resources to allow UEs to send control information, or prioritise attempts to transmit control information over data transmissions. 

Proposal 5: Listener UE needs to be able to inform the transmitting UE if it enters the coverage of a transmitting UE from another D2D group/session. The method of reporting will depend on the resource allocation method chosen and should be taken into account when selecting the solution. 
3
Conclusion

In this paper we identify some mobility scenarios that should be taken into account when determining how to perform the resource management and allocation, and as a result propose some direction for choosing a resource allocation solution approach.

Proposal 1: The following mobility scenarios need to be considered in the design of any direct communication, including 1:M case in Rel-12.

· Mobility Scenario 1: UE involved in D2D communication moves into coverage
· Mobility Scenario 2: UE involved in D2D communication moves out of coverage
Proposal 2: For at least Mobility scenario 1 UEs need to be able to inform the eNB of on-going D2D communication moving into coverage of the eNB. For scenario 2 the UE may need to inform eNB that of moving out of coverage.
Proposal 3: If a D2D UE involved in D2D communication reports that resources allocated out of coverage are in use in-coverage, the eNB shall reserve those resources until further notice.
Proposal 4: The following mobility scenarios need to be considered in the design of any direct communication, including 1:M case in Rel-12.

· Mobility Scenario 3: UE involved in D2D communication moves into coverage of another D2D group
· Mobility Scenario 4: UE involved in D2D communication moves out of coverage of another D2D group
Proposal 5: Listener UE needs to be able to inform the transmitting UE if it enters the coverage of a transmitting UE from another D2D group/session. The method of reporting will depend on the resource allocation method chosen and should be taken into account when selecting the solution. 
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