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1. Introduction
This contribution briefly describes some of the D2D enhancements – on top of the agreed Rel-12 features – which are already felt as needed to effectively support Group Call services involving out-of-coverage UEs, i.e. to fully enable Public Safety applications. 
2. Discussion
The need to support Public Safety applications in LTE has driven two separate RAN activities in Rel-12:
· A Study Item on Group Communication for LTE [1], to assess the feasibility of reusing existing unicast or MBMS services to support group communications (while in coverage), including critical Public Safety applications.
· A Study on LTE Device-to-Device Proximity Services [2] and then a corresponding Work Item on LTE Device to Device Proximity Services [3], where one of the objectives is the introduction of a Direct Communication feature which is meant to support the communication among a group of nearby UEs, even if they are out of network coverage (some or all of them).  
The Public Safety use cases which are then expected to be supported in LTE Rel-12 are depicted in Figure 1 below.
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Figure 1. Public Safety use cases supported in Rel-12. 

In fact, on one hand it shall be possible to use multiple unicast bearers or MBMS bearers to communicate simultaneously with the (Public Safety) UEs under network coverage. On the other hand it shall be possible for Public Safety UEs in proximity to communicate among themselves, even if they are out of network coverage (some or all of them).  

What will not be possible is, for instance, to support the communication from the network to a UE which is out-of-coverage, and vice versa.

SA2 has recently agreed a Rel-13 SA2 Work Item on Extended Proximity-based Services [4], which aims at removing this and other limitations in Rel-13, for instance targeting the introduction of UE-to-network and UE-to-UE relays. Such Work Item is likely to address the needed architectural issues. However it is not yet clear whether all the corresponding radio issues are expected to be covered in the SA2 WI.

For instance, Figure 2 below shows the case where a UE-to-network relay is used to solve the problem mentioned above, i.e. the impossibility in Rel-12 to support the communication between the network and an out-of-coverage UE.
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Figure 2. UE-to-network relay.

Even if the architectural issues will be obviously solved elsewhere, and even if the actual relay functionality will be implemented in the upper layers, some RAN impacts are anticipated:

· How does UE1 know when to relay the message?

· In case of Type 1 D2D resources, does the eNB need to know that the UE1 is involved in unicast/MBMS and D2D Direct Communication at the same time?

Things become more complex when there are multiple UEs that can serve as UE-to-network relays, as shown in Figure 3.
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Figure 3. Multiple UE-to-network relays (intra-eNB case).

Some additional RAN impacts are related to the following questions:

· Should both UE1 and UE3 use unicast resources to relay the message of UE2 to the eNB? (Or is any coordination needed)?

· Should both UE1 and UE3 use D2D Direct Communication to relay the message coming from the eNB to UE2? (Or is any coordination needed)?

The next step is when the UEs that can serve as UE-to-network relays are served by different eNBs, as in Figure 4. 
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Figure 4. Multiple UE-to-network relays (inter-eNB case).

· Should both UE1 and UE3 relay the message of UE2 to their corresponding eNB? 
· Should both UE1 and UE3 use D2D direct communication to relay to UE2 the message coming from the two eNBs? 

Other impacts are foreseen if UE-to-UE relays will also be supported (as expected). This scenario is shown in Figure 5.
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Figure 5. UE-to-UE relay.

· How does UE2 know when to relay the message?

Finally, there could also be multiple UE-to-UE relays, as shown in Figure 6.
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Figure 6. Multiple UE-to-UE relays.

· Should both UE2 and UE4 use D2D Direct Communication to relay the message of UE1 (or UE3) to UE3 (or UE1)? (Or is any coordination needed)?

In general it is believed that - even if in principle the RAN evaluation could follow the SA2 work - it would be highly beneficial to study the above mentioned RAN aspects even before the SA2 work will be completed (although of course not before the finalization of the Rel-12 RAN Work Item on LTE Device to Device Proximity Services).
When the RAN work on Rel-13 D2D enhancements will start, we think it should at least cover the following aspects:

· out-of-coverage Discovery (this seems to be an essential building block to allow UEs to realize they are eligible for relaying information to/from out-of-coverage UEs. It should also be noted that – depending on the details for in-coverage Discovery and for synchronization for out-of-coverage Direct Communication that will be specified in Rel-12 – the effort to extend D2D Discovery to the out-of-coverage case might also be minor and possibly not even impact L1)
· RAN aspects of UE-to-network and UE-to-UE relays

· "Relay node selection" (when multiple UEs can serve as UE-to-network or UE-to-UE relays)
3. Conclusions

This contribution discussed some of the Rel-13 D2D enhancements which are already considered as needed to effectively support Public Safety applications. 

The recommendation is that RAN should start some corresponding Rel-13 activity as soon as possible, i.e. clearly after the finalization of the Rel-12 RAN Work Item on LTE Device to Device Proximity Services [3], but without necessarily waiting for the completion of the recently agreed Rel-13 SA2 Work Item on Extended Proximity-based Services [4].
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