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1 Introduction

Although the resource allocation has been discussed in previous meetings some issues still remain. In this paper we provide an overview of D2D scheduling, with objective to clearly show how scheduling works for the different defined coverage scenarios.
2 Discussion
There are two important steps needed before commencing D2D communication, namely synchronization and configuration. In principle, synchronization could be left out but this would significantly deteriorate performance. Synchronization and configuration are covered in detail in [1]

 REF _Ref378945040 \r \h 
[2]. The communication is connection-less, i.e. no L3 control plane is set up between the UEs prior or during communication. 

For communication, there are two coverage scenarios from a functional point of view, namely, when the transmitter is in coverage and when the transmitter is out of coverage. Our assessment is that the most important use case is that for Public Safety, which requires D2D communication in both the abovementioned coverage scenarios. The out-of-coverage scenario has received a lot of attention in 3GPP Rel-12 due to that no cellular solution alternative exists in this scenario. Figure 1shows the different coverage scenarios and how to configure resources (i.e. use of resource pool) in the different scenarios, respectively.
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Figure 1
D2D communication; overview of relevant coverage scenarios, how UEs are configured and scheduled.

2.1 The scheduling assignment (SA)

The scheduling assignment carries information on how to find/decode the user data. The scheduling assignments will probably be transmitted with a (set of) fixed pre-defined format (e.g., MCS) and further include, e.g.

· Broadcast transmitter identity,

· Time-frequency resources for receiving broadcast data,

· FFS: Transmission format and MCS for the broadcast data to be received, etc.

· FFS: timing advance / offset info …

The exact content of the scheduling assignment is for RAN1 to study. The scheduling assignments are received on a pre-defined D2D communication resource pool known to the receiver. The exact method for transmitting scheduling assignments, whether to use a broadcast data channel or control channel, is FFS.
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Figure 2 Principle of scheduling assignment

The SA should be transmitted periodically until the current transmission session ends. The periodicity should be predefined. A short period increases overhead; a long period has an impact on the end-to-end latency. The exact values are for further study. A suitable value may be in the range of 30-100 ms. The reasons for repeating the SA is to ensure that the SA is received and to “signal” to other potential transmitters that the channel is occupied.

Observation 1 Use of a scheduling assignment is beneficial for D2D communication.

Proposal 1 Introduce a scheduling assignment (SA) to provide efficient D2D transmissions, e.g., to check if channel is clear prior to transmission and to enable DRX.

2.2 Transmitter out of coverage

A basic scenario for out of coverage transmitters is depicted in Figure 2. In the figure, the first two actions are decoupled from the actual scheduling, namely pre-configuration and synchronization. The ProSe enabled UEs are preconfigured with resources for D2D, encryption keys, means for authentication, etc. Synchronization has been established between the UEs in the group (a basic group comprises the UEs that can be reached by a transmission from one of the UEs) [1].

When ready to transmit data, UE-A selects resource from the preconfigured resource pool [3]. UE-A broadcasts a scheduling assignment (SA) including information on how/where/when the UE-A will transmit the coming D2D data. SAs are transmitted continuously on pre-defined resources until no data remain to be transmitted; repeating the SA increases the decoding probability (and can be used to indicate that the channel is occupied) [4]. For a received SA, the UE-B expects a transmission on the resources indicated by the SA. To respond to the received data, UE-B would need to become a transmitter and follow then the same steps as UE-A above.
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 Figure 3: Overall D2D communication procedure for out of coverage transmitter.
The transmitter procedure:

· Listen for SA (time to listen > SA transmission interval).

· If SA received during this time

· Then wait for a while, try again

· If no SA is received during this time ( channel is free

· While there is data

· Transmit SA periodically.

· Transmit data

Proposal 2 When the transmitter is out of coverage, the D2D UE selects from preconfigured resources for D2D transmissions.

2.3 Transmitter in coverage

When the transmitter (UE-A) is in coverage, UE-A requests from the network (e.g., from the serving eNB) radio resources for D2D data transmission. This in order to better distribute resources when there is legacy UL traffic in the cell. The exact procedure used for a D2D UE to negotiate with the eNB regarding D2D resources is FFS. (see [3] for details). However, it is beneficial if already existing functionality can be used also for D2D, e.g. the SR/BSR-Grant-procedure used for UL Scheduling. When UE-A has data to send, it transmits an SR and BSR to the eNB in which it is clear to the eNB that the planned transmission is for D2D. The main information in the BSR is that the SR is for a D2D transmission. The eNB grants resources for the requested transmission and sends a (semi-persistent) grant to UE-A, including information on what resources to use (and for how long they are valid). UE-A then initiates the transmission process described in the previous section by sending the SA with the information about what resources to use. The SA is followed by data transmissions.
· When D2D UE has data in buffer

· Send SR/BSR to eNB to request resources for D2D transmission
· eNB sends grant with information on resources.

· While there is data

· Transmit SA periodically.

· Transmit data

Proposal 3 When the transmitter is in coverage, the eNB distributes resources for D2D transmissions.
Proposal 4 Reuse existing SR/BSR/grant to enable eNB control of D2D communication when transmitter is in coverage.
2.4 Receiver procedure
Here we discuss the procedure for the receiver. Note that the synchronization and pre-configuration are decoupled and we assume that both synchronization and pre-configuration have been performed prior to transmission and reception. Further, the procedure of the receiver does not differ for the two coverage scenarios discussed above. The receiver listens for SA in according to some pattern. If there are no SAs the UE uses DRX to save power. Since the UE is expecting only the SA to begin with the amount of resources that the UE needs to monitor is limited (compared to having to monitor all D2D resources)
The receiver procedure:

· Listen for SA.

· If SA received

· Decode scheduling assignment

· Listen on resources given in SA for data.
· Receive and decode data
· Else

· Sleep for a while. (preconfigured; some DRX setting).

3 Conclusion

In section 2 we made the following observations:
Observation 1
Use of a scheduling assignment is beneficial for D2D communication.


Based on the discussion in section 2 we propose the following:
Proposal 1
Introduce a scheduling assignment (SA) to provide efficient D2D transmissions, e.g. to check if channel is clear prior to transmission is needed, and to enable DRX.
Proposal 2
When the transmitter is in coverage, the eNB distributes resources for D2D transmissions.
Proposal 3
Reuse existing SR/BSR/grant to enable eNB control of D2D communication when transmitter is in coverage.
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