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Introduction
RAN2#85 agreed the followings for D2D scheduling:

· In Mode 1, a UE requests transmission resources from an eNodeB. The eNodeB schedules transmission resources for transmission of scheduling assignment(s) and data. 

· The UE sends a scheduling request (D-SR or RA) to the eNodeB followed by a BSR based on which the eNodeB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

· In Mode 1, the UE needs to be RRC Connected in order to transmit D2D communication.
· For Mode 2, UEs are provided with a resource pool (time and frequency) from which they choose resources for transmitting D2D communication. 
· The eNodeB controls whether UE may apply Mode 1 or Mode 2 transmission.
In this document, we discuss how eNB/UE would schedule transmissions for D2D communication.
Scheduling options for D2D Transmissions

In mode 1, eNB would schedules D2D transmission resources for transmission of scheduling assignment(s) and data e.g. upon receiving BSR for D2D. In mode 2, UE would autonomously schedules D2D transmission resources by selecting resources within a resource pool (time and frequency) e.g. provided by system information from eNB.
In both modes, how to schedule D2D transmission resources seems unclear at this moment. We could take into account the following scheduling options for D2D communication:
Option 1: SPS-like Scheduling approach
In LTE, SPS is used to allocate radio resources for a long time period with a minimized load on PDCCH. Typically, SPS is used for predictable services such as VoIP services where similar-sized data packets are periodically generated. 
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Figure 1: SPS-like scheduling approach

Since the main use case of D2D communication is mission critical voice, it would be interesting to consider SPS-like scheduling approach for D2D scheduling. In addition, if SPS is used for mode 1, we could minimize load on PDCCH that eNB may have due to frequent D2D scheduling assignments. Hence, we could consider SPS-like scheduling approach to support VoIP over D2D.
Observation 1: SPS-like scheduling approach could be beneficial for VoIP over D2D.
For communication on Uu, eNB activates or releases SPS via PDCCH. In D2D mode 1, SPS can be realized so that a transmitting UE activates or releases D2D SPS by sending scheduling assignment to receiving UEs, following reception of activation or release on PDCCH from eNB. In D2D mode 2, a transmitting UE would activate or release D2D SPS by sending scheduling assignment, following UE autonomous resource selection from the D2D resource pool.
However, sometimes a UE may fail to receive scheduling assignment activating/releasing D2D SPS from a transmitting UE, so that it could lose all D2D data transmissions following the lost scheduling assignment. In addition, if a UE begins to receive D2D transmissions in the middle after SPS activation, it could not receive D2D transmissions for a long time. It means that allocating D2D resources for a long time period could be risky for D2D communication. Hence, if SPS is considered for D2D scheduling, we should discuss how to cover the case that UE fails to receive indication of SPS activation/release and the case that a UE begins to receive D2D transmissions in the middle.
Observation 2: If SPS-like scheduling approach is considered, we should discuss how to cover the case that UE fails to receive indication of D2D SPS activation/release and the case that a UE begins to receive D2D transmissions in the middle.
Option 2: Dynamic scheduling approach
This scheduling option is suitable for services that generate bursty data. UE could dynamically allocate D2D resources by sending a scheduling assignment for every bursty data. In mode 1, it allows eNB to allocate D2D resource dynamically based on BSR reported by UE. And, in mode 2 it allows a transmitting UE to select and allocate D2D resource dynamically based on the resource pool when there is actually D2D traffic. 
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Figure 2: Dynamic scheduling approach
Even though the main use case of D2D communication is mission critical voice, it would be likely that we also consider exchange of bursty messages over direct interface among UEs for Public Safety. Bursty messages could be control information of the upper layer and text/image related to Public Safety. If it is the case, we could consider dynamic scheduling for D2D transmissions.
Observation 3: Dynamic scheduling approach can be considered to support bursty message for Public Safety service.

In D2D mode 1, dynamic scheduling approach can be realized so that a transmitting UE schedules one or more D2D transmissions by sending scheduling assignment to receiving UEs, following reception of scheduling assignments from eNB. In D2D mode 2, a transmitting UE schedules one or more D2D transmissions by sending scheduling assignment to receiving UEs, following UE autonomous resource selection from the D2D resource pool.
However, in mode 1 operation where eNB schedules D2D transmissions, frequent dynamic D2D scheduling could cause PDCCH load in eNB side. Besides, since mode 1 requires UE to report BSR to eNB before receiving scheduling assignments from eNB, if dynamic scheduling is applied, mode 1 operation may be unsuitable for time-critical public safety service. 

Observation 4: If dynamic scheduling approach is applied, mode 1 operation may be unsuitable for time-critical public safety service.
On the other hand, in mode 2 operation UE could quickly selects and schedule transmission resource from the D2D resource pool, if mode 2 resources are not congested. Thus, bursty message for time-critical public safety service may live well with mode 2 operation. Namely, it could be considered that UE in RRC_CONNECTED performs D2D communication in mode 2 for bursty message, while it performs D2D communication in mode 1 for voice traffic.
Observation 5: if dynamic scheduling is applied, bursty message for time-critical public safety service may live well with mode 2 operation, assuming that mode 2 resources are not congested.
Option 3: Periodic scheduling approach
In this approach, a transmitting UE periodically transmits scheduling assignments, and receiving UEs periodically read scheduling assignments to check if there is D2D data to be transmitted in the corresponding scheduling period. This approach is more or less similar to MBMS scheduling.

[image: image3.emf]SA Data Data Data

Scheduling Period Scheduling Period

SA Data Data SA

Data


Figure 2: Periodic scheduling approach
This scheduling approach could be considered for D2D mode 1, so that a transmitting UE schedules one or more D2D transmissions by sending scheduling assignment at the beginning of each scheduling period, following reception of scheduling assignments from eNB before the beginning of each scheduling period. In D2D mode 2, a transmitting UE schedules one or more D2D transmissions by sending scheduling assignment at the beginning of each scheduling period, following UE autonomous resource selection from the D2D resource pool. 
In this approach, if UE fails to receive a scheduling assignment, UE will fail to receive D2D data transmissions in the corresponding scheduling period. However, if the length of scheduling period is not so long, UE will lose some data transmissions only for one short period, compared to Option 1. Moreover, if a UE begins to receive D2D transmissions in the middle of D2D communication, a UE could start to receive them from the next scheduling period.
Observation 6: Periodic scheduling approach can be considered for D2D communication to support UEs that begin to receive D2D transmissions in the middle of communication.
Conclusion
In conclusion, we propose to consider all options described in this document, when we specify how to schedule D2D transmissions, considering the following observations:
Observation 1: SPS-like scheduling approach could be beneficial for VoIP over D2D.
Observation 2: If SPS-like scheduling approach is considered, we should discuss how to cover the case that UE fails to receive indication of D2D SPS activation/release and the case that a UE begins to receive D2D transmissions in the middle.
Observation 3: Dynamic scheduling approach can be considered to support bursty message for Public Safety service.

Observation 4: If dynamic scheduling approach is applied, mode 1 operation may be unsuitable for time-critical public safety service.
Observation 5: if dynamic scheduling is applied, bursty message for time-critical public safety service may live well with mode 2 operation, assuming that mode 2 resources are not congested.
Observation 6: Periodic scheduling approach can be considered for D2D communication to support UEs that begin to receive D2D transmissions in the middle of communication.
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