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1 Introduction
In this contribution, we provide further details on the scheduling procedure for D2D communication.
2 Scheduling Procedure
The scheduling procedure for D2D communication involves the following two major phases: 
· obtaining resources for transmissions/receptions, and
· transmission/reception for a D2D transmitter/receiver, respectively,
where the transmissions consist of scheduling assignment (SA) transmissions and the actual data transmissions.
Figure 1 illustrates the scheduling procedure, the details of which are further described below. 
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Naturally, there are some differences in the procedure for in-coverage and out-of-coverage D2D transmitters, since under the network coverage the possibility to exploit the network control is vital to ensure that none of the cellular performance and D2D performance is degraded when D2D operation is enabled in the cellular network. Figure 2 illustrates different coverage scenarios (see also [6] for more details on the coverage definition).
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Figure 2. Different coverage scenarios and transmission resource allocation.
Table 1 below summarizes the scheduling procedure for D2D for a device transmitting data. One should also note that a D2D UE is also performing transmitter synchronization [1] which is needed for D2D communication, among the others. When the UE is synchronized to an internal or external synchronization source, the UE can transmit D2DSS/PD2DSCH. For the transmitter synchronization,

· when under network coverage, the UE synchronizes to the serving/camping eNodeB;
· when out of network coverage, the UE synchronizes to the single most suitable UE-transmitted D2DSS/PD2DSCH; if no suitable D2DSS/PD2DSCH is found, the UE adopts internal synchronization source (the UE becomes a Synchronization Head [7]). 
Table 1. Steps for a device transmitting data for D2D communication
	Steps
	Step Description

	
	In Coverage
	Out of Coverage / Partial Coverage

	Obtaining resources for data transmission
	If  (RRC_IDLE): 

Establish network connection ,

endif
if (DL+UL coverage):
Request from the serving eNodeB resources for data transmission by sending a scheduling request [2] (provided the eNodeB is capable of supporting D2D);
else (DL coverage only):
Select from a set of resources (resource pool) broadcasted by the network

endif
	If (PD2DSCH for the selected synchronization provides data transmission resource pool relayed from the network) (i.e., partial network coverage scenario):

Select from a set of resources (resource pool) for data transmission indicated by the network via PD2DSCH,
else (i.e., out of coverage scenario):

Select from a set of pre-configured resources (resource pool) for data transmission (may be subject to operator’s policy).
endif

	Resource sensing
	If broadcasted resources are to be used, the transmitter may determine whether some of the resources are interfered (e.g., listen for SAs or data on pre-configured resources) and chose resources that are not interfered. 
	If pre-configured resources are to be used, the transmitter may determine whether some of the resources are interfered (e.g., listen for SAs or data on pre-configured resources) and chose resources that are not interfered.

	Transmitting SAs
	Transmit (periodically, with the same content) scheduling assignment on pre-configured resources. Stop transmitting when no data to transmit.
	Transmit (periodically, with the same content) scheduling assignment on pre-configured resources. Stop transmitting when no data to transmit.

	Transmitting data
	Transmit data according to the transmitted scheduling assignments. See [4] for details on data patterns.
	Transmit data according to the transmitted scheduling assignments. See [4] for details on data patterns.


Table 2 below summarizes the scheduling procedure for D2D for a device receiving data. Prior to the steps described in the table, for both the in-coverage and out-of-coverage scenarios, the D2D receiver needs to synchronize its receiver to a synchronization reference [1].
Table 2. Steps for a device receiving data for D2D communication

	Steps
	Step Description

	
	In Coverage
	Out of Coverage / Partial Coverage

	Monitoring SAs
	Track periodic resources carrying SAs and blindly detect SAs. 

	Receiving data
	If an SA within the scope of interest for the receiver is detected, receive the associated data according to the SA.


3 Scheduling Assignments (SAs)

An SA is a compact (low-payload) message containing control information, e.g., pointer(s) to time-frequency resources for the corresponding data transmissions. The contents of SAs (i.e., the actual data scheduling) may be decided autonomously by the broadcasting node (e.g., when out-of-coverage) or by the network (e.g., when in coverage or in partial coverage). Each SA carries also an L1 SA identity [5] to allow the receiving UE to only decode the data that is relevant for this UE. Example contents of an SA are provided in Table 3, where Option 1 and Option 2 are shown (see [4] for simulation results for the two options; see [5] for more details on the two options).
Table 3. Two options for SA contents
	Option 1 (39 bits)
	Option 2 (23 bits)

	· Tx address (16 bits)

· Rx address (16 bits)

· Timing advance (4 bits) [e.g., 16 ms in 1ms steps]

· Resource allocation in the time domain (3 bits) [e.g. 8 different time-domain randomized patterns]
	· Tx or Rx address (16 bits)

· Timing advance (4 bits) [e.g., 16 ms in 1ms steps]

· Resource allocation in the time domain (3 bits) [e.g., 8 different time-domain randomized patterns]




SAs are transmitted periodically (e.g., 40-160 ms periodicity) by the D2D transmitters broadcasting data, as long as there are broadcast data (associated with the SAs) that the UE needs to transmit and the SA validity period has not expired. SAs are transmitted on pre-defined time-frequency resources known to receivers (e.g. to benefit the receiver DRX), where the pre-defined resources are subframes also containing D2DSSs. Redundant SAs may also be transmitted to increase SA detection probability. Hopping may be used for the retransmissions to achieve diversity. 
SAs may be transmitted, e.g., on the D2D data channel, using QPSK and a narrow band allocation (e.g., 2 RBs). Similar to D2D data transmissions, guard periods (e.g., ½ symbol) may be used also for SA transmissions to avoid intra-UE collisions and inter-UE interference [3]. More details on the physical broadcast data channel can be found in [4].
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Figure 3. Scheduling assignments and their association to data transmissions.
Using SAs is a trade-off between control overhead and flexibility. At least the following advantages with SAs may be envisioned:

· Common solution for direct scheduling by in/out coverage transmitters;
· Flexible resource allocation of the data channels and future proof design for support of multiple data channel requirements;
· Little overhead and more resources left for data due to small amount of information to be carried by SAs;
· Allowing for receiving data more energy efficiently, since only the resources indicated by SA need to be monitored;
· Possibility to coordinate between cellular and D2D traffic in a resource-efficient way, since SA resources and data channel resources are configured by the network (for in-coverage broadcasting UEs);
· Possibility for efficient collision avoidance on the data channels for out of coverage, since the potential broadcast transmitter may try to detect SAs from other transmitters and even determine the resources for the associated data transmissions.

· Observation 1: The use of scheduling assignments carried by the physical D2D data channel is advantageous from a flexibility/performance trade-off.

4 UE Energy Consumption for D2D with and without SAs
In this section, we analyse the UE receiver energy consumption for D2D communication based on 2 different approaches:

· Approach 1 (with SAs): UEs monitor SA subframes with periodicity (e.g., 40 ms). Data channels are scheduled by the SAs.
· Approach 2 (without SAs): SAs are not specified. UEs blindly detect direct data channel packets. 

The results for a D2D receiver in RRC_IDLE state are summarized in Table 4, based on the assumptions outlined in Annex A. As a reference case, we also show results for a non-D2D receiver in RRC_IDLE state. To simplify the analysis, in all four cases mobility measurements are not taken into account.
Table 4. Receiver energy consumption for monitoring incoming D2D data channels
	
	Non-D2D Receiver 
in RRC_IDLE
	D2D Receiver 
in RRC_IDLE

	UE activity
	Paging monitoring
	D2DSS/PD2DSCH monitoring for synchronization
	SA monitoring
(Option 1)
	D2D data channel monitoring

(Option 2)

	Energy consumption, [units]
	0.0162Note 1
	0.025 Note 2
	0.025 Note 2
	0.275 Note 2

	NOTE 1: Reference case

NOTE 2: Additional consumption for D2D support


From Table 4, it can be observed that the D2D communication support requires 18 times and 3 times more energy with Option 2 and Option 1, respectively, compared to the reference case. Moreover, the relative energy advantage of Option 1 over Option 2 increases further with a longer periodicity of D2DSS and SAs. In either case, the energy consumption for Option 2 (without SA) is obviously too high for a reasonable D2D UEs, even assuming that PS devices may have larger batteries than commercial devices.
· Observation 2: Without SAs, the energy consumption for D2D support is unacceptable (~18 times larger than the reference case).
· Observation 3: The possibility of using SAs reduces energy consumption effectively, to an acceptable level.

5 Summary

The following have been observed in this contribution:
· Observation 1: The use of scheduling assignments carried by the physical direct data channel is advantageous from a flexibility/performance trade-off.

· Observation 2: Without SAs, the energy consumption for D2D support is unacceptable (~18 times larger than the reference case).

· Observation 3: The possibility of using SAs reduces energy consumption effectively, to an acceptable level.
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7 Annex A: Assumptions for UE Energy Consumption Analysis
For the presented results, we use the receiver part of the RAN1-agreed energy consumption model:

Agreements (selection):
· For both in coverage and out of coverage scenarios:

· Consider receive, transmit power

· Sleep power = 0.01 unit per sub-frame

· RX Power = 1 unit per sub-frame

· Assume 8 subframes are accumulated for synchronization with WAN

· Synchronization is assumed to be reliable for 0.5s

· …

· State number of subframes assumed for each type of power usage

· Paging cycle of 1.28 s is assumed

For D2D-enabled UEs, we focus on power consumption of a receiver that is in RRC_IDLE and monitors incoming data transmissions. We include power consumption for D2DSS/PD2DSCH detection of a single reference (the power consumption scales similarly for all the considered schemes in case multiple synchronization references are tracked). The following additional D2D-related assumptions are also taken:

· SAs periodicity 40 ms,
· D2DSS periodicity 40 ms (D2DSS subframes aligned with SAs), PD2DSCH periodicity 2.56 s,
· Average data packets periodicity 4 ms (assuming -107 dBm UE association threshold, 4 HARQ retransmissions per VoIP packet and basic time randomization [4]).
Figure1. An example flow chart with D2D broadcast transmitter and receiver procedures.








