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1. Introduction

From an operator perspective, it is important to ensure network control and flexible spectrum sharing between D2D and non-D2D signals within network coverage. This contribution focuses on:

- Resource allocation approaches for D2D communication within coverage
- Participation of RRC-Idle mode UEs to D2D communication 

- Possibility of switching between non-D2D and D2D paths
2. Resource allocation approach for D2D communication within coverage
During RAN1#75, several contributions have analyzed autonomous and/or scheduled approaches (ex: [1]-[7]). Table 1 summarizes the main benefits and drawbacks of each approach. 

- UE’s autonomous resource selection approach: In this approach, a pool of resources is semi-statically configured and broadcasted (possibly via SIBs) to be used for D2D. Within this pool, the D2D UEs can autonomously select the resources to use. Some contention-based techniques are required to avoid collisions between D2D transmissions. Since the eNB does not control the resource allocation within the resource pool, this resource pool is exclusively dedicated to D2D, and cannot be used for non-D2D UL cellular communication. If the resource pool is over-dimensioned with respect to D2D amount of traffic, some resources are wasted, which could have been used for non-D2D communication. If the resource pool is under-dimensioned, the QoS of D2D communications is impacted.
- Scheduled approach: In this approach, the D2D transmitter asks for permission and resource assignment to the eNB before transmitting. Therefore, the D2D resources for data transmission are granted by the eNB by D2D session, and the number of resources used for D2D scale with D2D amount of traffic. These grants could be dynamic or semi-persistent. 

	
	Per-D2D session eNB-scheduling
	UE’s autonomous selection

	Benefits
	- Higher spectrum efficiency and flexibility in sharing resources between D2D and non-D2D
- Predictable QoS

- Re-use existing cellular communication structure
	- Minimum signaling overhead

	Drawback
	- Scheduling overhead can increase with increasing number of UEs
	- Semi-static partition of resources between D2D and non-D2D

- Lawful Interception by eNB is difficult to fulfill

- Contention-based techniques can lead to collisions that degrade D2D performance at high load 


Table 1 Comparison of per-D2D session eNB scheduling versus UE's autonomous selection
Proposal 1: Within coverage, prioritize the scheduled approach for D2D resource allocation per D2D session instead of autonomous resource selection, for the sake of efficient spectrum utilization and controlled QoS.
It is important to check whether the scheduled approach can cope with Public Safety requirements in terms of failure rate and medium access latency for the partial-coverage scenario. If needed, some enhancements should be introduced for the case of Public Safety D2D. For example, in order to minimize the service interruption time required to switch from ‘in coverage mode’ to ‘out of coverage mode’ for public safety users, a criteria of automatic switch could be defined so that it is possible to trigger the switch with some time in advance before completely loosing  network coverage. In any case, the amount of resources exclusively dedicated to D2D in a quasi-static way (as opposed to per-D2D session allocation) should be as low as possible within network coverage.
Proposal 2: Ensure that the scheduled approach can fulfill the Public Safety requirements in the partial-coverage scenario, in terms of failure rate and medium access latency. If needed, consider to introduce enhancements for Public Safety D2D communication, under the principle of minimizing the amount of resources quasi-statically dedicated to D2D within network coverage.
3. Should RRC-Idle mode UEs transmit D2D communication within network coverage?
Note that RRC-Idle mode UEs cannot transmit D2D communication in the scheduled approach because they cannot receive the grant of which resources to use. 

If RRC-Idle mode UEs are allowed to transmit using the UE’s autonomous selection approach, FDM between D2D communication and non-D2D communication from system perspective would be difficult/inefficient, since the lack of Timing Advance would lead to intra-subframe interference from D2D signals to UL cellular communication. Preventing FDM between D2D and non-D2D at system perspective could have a cost in terms of spectral efficiency in the UL spectrum. In addition, there could also be an impact on DL throughput. For example, in FDD, if some UL subframe ‘n’ is exclusively dedicated to D2D, the DL subframe  ‘n-4’ cannot be acknowledged. 

Note that other issues like extended Cyclic Prefix for D2D (if needed) and near-far problems need further study when considering the possibility of enabling FDM between D2D communication and cellular communication from system perspective [8] (these issues apply to both RRC-Idle and RRC-connected mode UEs). However, FDM is to be followed as much as possible for the sake of system spectral efficiency.

In addition, allowing RRC-Idle mode UEs to transmit D2D communication would make it difficult to fulfill the requirement on switching between D2D communication path and cellular path (section 4). 
It would also make it more difficult to fulfill the requirement on Lawful Interception since the eNB is not even aware of the presence of the RRC-Idle mode UE.
Unlike the case of D2D discovery, required RRC-connection for D2D communication is not expected to cause network burden or high battery consumption since it will happen relatively infrequently compared to discovery.
Proposal 3: RRC-Idle mode UEs should not be enabled to transmit D2D communication data within network coverage.
Proposal 4: FDM between D2D communication and UL cellular communication from system perspective is followed as much as possible for the sake of system spectral efficiency.
4. Switching between D2D communication path and EPC path
RAN needs to contribute in the definition of a mechanism to switch between D2D communication path and Cellular path. This is captured in the requirements of TS 22.278.

The 3GPP system shall be capable of moving a user traffic session from the EPC Path to a ProSe E-UTRA Communication path, when the ProSe-enabled UEs are determined to be in Communication Range allowing ProSe E-UTRA Communication. This requirement applies to any ProSe E-UTRA Communication between two ProSe-enabled UEs, ProSe Group Communication and ProSe Broadcast Communication.

The 3GPP system shall be capable of moving a user traffic session from a ProSe E-UTRA Communication path to an EPC Path. At a minimum, this functionality shall support the case when the ProSe E-UTRA Communication path is no longer feasible. This requirement applies to any ProSe E-UTRA Communication between two ProSe-enabled UEs, ProSe Group Communication and ProSe Broadcast Communication.
Some examples in which this mechanism could be useful are listed below:

- D2D UEs are moving and get to a point in which the proximity criteria are no longer met. In that case, the network needs to switch the session from D2D communication to cellular communication to ensure service continuity beyond the D2D range.
- Lawful interception. In order to intercept the communication of a UE that is transmitting on a D2D path, the network could switch it to cellular communication.

- Control the near-far problems created by the coexistence of D2D and non-D2D signals, which is required to enable FDM between D2D and non-D2D signals. For example, in the case where a D2D transmitter UE is very close to an eNB,  the network could select the cellular path instead of the D2D path (even if the D2D UEs are close enough to meet the proximity criteria) to avoid in-band interference on cellular UL communication.
Proposal 5: The requirement on allowing the network to move a user traffic session from D2D to non-D2D path (and viceversa) is captured in TR 36.843.
5. Conclusion

This contribution justifies the following principles on resource allocation for D2D communication within coverage:
Proposal 1: Within coverage, prioritize the scheduled approach for D2D resource allocation instead of autonomous resource selection, for the sake of efficient spectrum utilization and controlled QoS.
Proposal 2: Ensure that the scheduled approach can fulfill the Public Safety requirements in the partial-coverage scenario, in terms of failure rate and medium access latency. If needed, consider to introduce enhancements for Public Safety D2D communication, under the principle of minimizing the amount of resources quasi-statically dedicated to D2D within network coverage.
Proposal 3: RRC-Idle mode UEs should not be enabled to transmit D2D communication data within network coverage.

Proposal 4: FDM between D2D communication and UL cellular communication from system perspective is followed as much as possible for the sake of system spectral efficiency.
Proposal 5: The requirement on allowing the network to move a user traffic session from D2D to non-D2D path (and viceversa) is captured in TR 36.843.
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