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1 Introduction

One reason why LTE is such an efficient system is the well-designed scheduling. When introducing new functionality to LTE, in this case device to device communication, we should try to build upon what already works well. When the transmitting UE is within coverage of an eNB the most efficient communication, from a system perspective, is achieved when the eNB is in control of the resources. Only then can legacy LTE communication occur together with LTE D2D communication, without severe loss of LTE system capacity.
In this paper we discuss scheduling for device to device communication. In short, we think that for out of coverage scheduling is autonomous using predefined resources. In coverage, the eNB is in control.
2 Discussion
There is a need to define the different parts involved in a communication. Because Public Safety communication is the prioritized scenario, we discuss this in the context of a Push-to-talk (PTT) application. A transmission is, from the user perspective, the process in which the user presses a button and begins to talk; the transmission continues until the button is released.
2.1 Overall procedure for broadcast communication

Here we assume that synchronization can be decoupled from the actual scheduling process and has already been established when scheduling starts. It is likely that the transmitter in this case sends a synchronization signal. However, details on synchronization are given elsewhere. One possible solution can be found in [1].
Two examples are used to illustrate the overall procedure of D2D broadcast communication. To make it simple, there are only two UEs in the examples, although the procedure will work when there are more UEs involved in the broadcast.
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Figure 1 Scheduling procedure. On the left the in coverage scenario is shown, on the right the out of coverage scenario is shown.
Figure 1 shows the overall scheduling procedure for D2D broadcast communication. Two possible scenarios (from transmitter perspective) are shown in the figure: the transmitter being in coverage (on the left side) and the transmitter being out of coverage (on the right side).
In short, this is what happens: User A (UE A) initiates a “push to talk or PTT” service broadcasting its voice data to the UEs in proximity including UE B. A general description of the scheduling procedure is as following.
-
Step 1: ProSe enabled UEs are preconfigured with resources, encryption keys, means for authentication, etc.

-
User A initiates the process by pressing the button. User A starts speaking.
-
Step 2: UE A requests resource for user data transmission. This is the only difference between the case of transmitter being in coverage and the case of transmitter being out of coverage.
-
Transmitter in coverage: the resources are allocated by eNB.
-
Transmitter out of coverage: the resources are allocated by the transmitter itself.
-
Step 3: UE A sends a scheduling assignment (SA) to UE B. SA includes information on what resources carry user data.
-
Step 4: UE A sends user data to UE B. UE B monitors resources given in the SA. UE B plays out voice.
-
Steps 2-4 may be repeated, as shown in step 5-7. 
-
User A releases button. The broadcast transmission ends.

In case User B wants to reply to User A, the process starts again.
2.2 Resource allocation

As shown in Figure 1, two types of information need to be transmitted from the transmitter to the potential receiver(s): scheduling assignment (SA) and user data. They have different purpose, carry different amount of data, are transmitted with different periodicity, which lead to that the required resources for the respective type of information will be different. More information on SA can be found in section 2.4.
2.2.1 Resources for scheduling assignment

It is assumed that synchronization has already been established when scheduling starts, i.e. the transmitter will transmit a synchronization signal before transmitting SA. Synchronization signal might convey the resources pool for SA, i.e. a set of resources for SA. The D2D transmitter chooses a resource from the pool to transmit SA, and the receivers monitor all the resources in the pool to receive the SA. We understand that this is a topic for RAN1. One possible solution can be found in [1].
Observation 1 Resource allocation for SA is being studied in RAN1.
The SA from a transmitter out of coverage can be transmitted anytime (from LTE network perspective). To specify when to transmit SA (from LTE perspective) would be meaningless to the transmitters out of coverage.

The transmitter in coverage will transmit D2D SA and legacy LTE data independently; as a result, one UE might transmit D2D data and legacy LTE data (according to eNB scheduling) in the same subframe. To avoid this, there should be some mechanism between D2D transmitter and eNB regarding when the D2D transmitter transmits SA to avoid eNB scheduling LTE UL traffic during the subframe. When SA can be transmitted should be specified, either by pre configuration or controlled by eNB.

Proposal 1 For the case of transmitter being in coverage, when SA can be transmitted should be specified, either by pre-configuration or controlled by eNB to avoid collision with legacy LTE transmission.

2.2.2 Resources for user data

For the case of D2D transmitters being out of coverage, it is impossible for the transmitter to get assistance from eNB, the only possible way with reasonable complexity is to use preconfigured resources.

Proposal 2 The resources used for D2D user data transmission from transmitters being out of coverage should be preconfigured.
For the case of D2D transmitters being in coverage, besides using the preconfigured resources, requesting resources from eNB is preferred as explained below.
2.2.2.1 Use of preconfigured resources

When the transmitter uses preconfigured resources, it will not get resource allocations or be scheduled by the eNB. The lack of coordination will have the following issues:

1)
It might be possible that same resource is used by D2D communication and LTE TDD DL in the same subframe, which would lead to severe interference between D2D and legacy LTE communication. Even for LTE FDD system, the interference problem between LTE and D2D might exist for some cases if same resource is used. For example, if a UE transmits legacy LTE data on the edge of the cell it would lead to interference to the D2D receivers in its proximity receiving D2D data using same resource. To avoid this, the preconfigured resources for user data should not be used for legacy LTE traffic, i.e. they are dedicated to D2D. As a result, the preconfigured resources must be limited (to leave more resources to legacy LTE communication), which would lead to congestion if there is too much D2D traffic.
2)
As the resource for D2D user data transmission will be selected by the transmitter independently from the eNB, it would lead to possible collision with legacy LTE communication in the transmitter. The transmitter is expected to send D2D user data and to send legacy LTE data in same subframe, which cannot be supported by the UEs with a single transmitter.
3)
Without coordination/scheduling by the eNB, the D2D UEs have to select and use resources with a contention based approach, which may reduce the efficiency and increase the delay.
To sum up, the use of preconfigured resources and lack of coordination may lead to an inflexible system with poor efficiency and with high requirements on the UE hardware.

2.2.2.2 Use of resources allocated by eNB

Another solution is that the eNB coordinates resources for user data transmission, which will avoid the issues mentioned above. The eNB can adjust resources allocated to D2D based on traffic situation and priority between D2D and LTE.
Proposal 3 The D2D transmitter in coverage should request resources (time, frequency) for D2D user data transmission from eNB.
For the eNB to be able to distinguish between UEs wanting to do D2D broadcast communication and UEs wanting to send legacy LTE UL traffic via the eNB, some signalling of this would be beneficial. Already there is an efficient method for the UE and eNB to exchange requests and grants for scheduling that should be reused as far as possible. The current SR does not allow any extra information. Hence, some other means should probably be provided, e.g. the BSR.
2.3 Scheduling assignment

The receivers should be aware of where/when/how to receive the broadcast from the transmitters. We are proposing to define scheduling assignment to carry this kind of information, which will be transmitted prior to 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,

· Transmission format and MCS for the broadcast data to be received, etc.
· Harq related information like NDI, process number…
· 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.
2.3.1 Reasons why scheduling assignments are beneficial

There are several reasons why the use of scheduling assignments is beneficial. To receive user data from the transmitters, the receivers must know the information about where/when/how to receive the user data, which is the information carried by SA.

Observation 2 SA carries the information about where/when/how to receive the user data from the transmitter, which is necessary for the receivers to receive user data from transmitter.

As shown above, the information carried by SA is rather small, i.e. the resource used by SA will be limited. This means that only limited frequency resources would need to be preconfigured for SA to avoid collision/congestion. As a result, with SA, the receiver only needs to monitor a limited resource to ensure it is receiving all SA, and then all successive user data.

Without SA, the receiver must monitor all user data resources which are possible to be used by D2D transmitters. Considering the expected amount of D2D user data, the resources used by D2D user data would be much more than those used by SA. So, without SA receivers must monitor much more resources to avoid missing data transmissions, with would lead to more power consumption in the receivers.

Observation 3 SA can reduce the power consumption of receivers needed to receive D2D traffic.

The transmitter might transmit user data any time, which would be unpredictable in receiver. To improve the probability for successful reception of data, without the receivers monitoring all incoming user data continuously, the SA should be transmitted on known points in time. This enables DRX in the receiver to reduce power consumption further.

Observation 4 With SA transmitted at known points in time, the receivers can use DRX to reduce power consumption.

There might be collisions/contentions among D2D transmitters, as described in section 2.5. In some cases, e.g. one of the transmitters is out of coverage, it would be impossible to perform some coordination among transmitters prior to user data transmitting. When collision/contention occurs, the user data will be lost. With SA, which will be transmitted prior to user data carrying resources information used by the successive user data transmission, the receivers can mitigate collision on user data transmission, i.e. reduce user data loss.
Observation 5 With SA, the receivers can mitigate collisions on user data transmission among D2D transmitters.

There might be collision/interference between D2D transmissions and legacy LTE transmissions. For example, a D2D broadcast communication from the transmitter out of network coverage might lead to the collision of receiving the incoming D2D transmission and legacy LTE TDD DL traffic. Without coordination between D2D transmitter and eNB, the D2D receiver in coverage might be expected to receive D2D data and legacy LTE TDD DL data in same subframe, which would lead to data loss for the UE with single receiver. As a D2D transmitter out of coverage cannot negotiate with an eNB about which resources to use, the SA can be used as an indication of future user data and possible collision with legacy LTE DL traffic. The D2D UEs in coverage could for example forward the SA to the eNB to avoid collision. We understand that the details of this is a topic for RAN1. 

Observation 6 SA can be used to detect and avoid collision between D2D traffic and LTE traffic.
Observations 2-6 clearly show the benefits of scheduling assignments.

Proposal 4 A scheduling assignment, carrying the information about where/when/how to receive the user data, shall be transmitted prior to user data.

2.3.2 Properties of the scheduling assignment

The scheduling assignment carries information on how to find/decode the user data. If the scheduling assignment is lost, then it is assumed that the user data cannot be received. In D2D broadcast communication, there are various reasons why the receivers may miss an SA if it is only sent once.
-
A new UE, which arrived or powered on after the transmitter broadcasted the SA. 

-
The UE is moving out of D2D coverage of the transmitter when the transmitter is broadcasting the SA.
-
Other reasons, e.g. bad radio environment, collision with legacy LTE communication, collision with other D2D transmissions may also cause the UE to lose the SA.
To reduce the impact caused by losing the SA, it should be transmitted periodically until current transmission session end. 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.
Considering the importance of receiving the SA successfully and the fact that the data carried is very small, the impact to the resource efficiency and system performance by always transmitting the SA periodically would be acceptable.
Proposal 5 The SA should be transmitted periodically, with a preconfigured periodicity. The length of this period is FFS.
It is a well-established fact the UEs move while communicating. The resource allocated for D2D broadcast communication by one eNB may be invalid to the UE when it moves from one cell to another. One way to ensure that resources are not allocated for UEs which have left the cell, or, that UEs occupy the resource indefinitely, is to limit the validity of the scheduling assignment. The exact length of the validity of the SA is FFS.
Observation 7 Limitation of the validity of the SA is beneficial.
2.4 User data transmission

User data will be transmitted using the resources specified by the SA. To increase the probability of correct user data reception, some type of blind repetition or soft combining may be considered. We understand that this is a topic for RAN1.
The user data transmission will occur only when there is user data to be transmitted, i.e. it might be possible that the transmitter does not transmit anything even though there is transmitting resource available. It is assumed that the contention has been detected and resolved, as described in section 2.6, i.e. there is no specific contention detection and resolution scheme for the user data transmission.

2.5 Contention detection and resolution

The contention in this section refers to the case of two (or more) transmitters in proximity transmitting in the same subframe. Due to the half-duplex constraint they cannot detect transmission from each other. As long as one transmitter receives the scheduling assignment from other transmitters, it can obtain the resources (subframes) used by other transmitters for the data transmission and thus avoid collision in the user data. Thus, the key is to avoid SA collision.

When the transmitter intends to transmit the first scheduling assignment of each transmission session, it tries to detect SAs from others by scanning all resources which are possible to be used for SAs.
-
If an SA is detected, the transmitter waits some random time (back-off). The waiting time should be different from the SA transmitting periodicity, as most probably the UE which transmits the scheduling assignment detected will transmit scheduling assignment again one period later.
-
If no Scheduling assignment is detected, the transmitter can transmit its Scheduling assignment.
Proposal 6 It is proposed for D2D transmitter to detect SA from other transmitters before transmitting the first SA to avoid contention.
As described in section 2.3, for D2D broadcast communication, it is possible that the transmitter misses the first SA from other transmitters. As a result, there could be contention but it is not detected. As the SA will be transmitted with same periodicity, the transmitters encountering contention in this subframe will continue transmitting in same subframes in the future. A solution could be that, the transmitter during some (random) subframes when it should send SA, instead tries to detect SA from others. If an SA is detected in any of these subframes, which means there is contention with other transmitters, the transmitter should change its SA transmitting time.
Proposal 7 It is proposed to investigate some mechanism, e.g. changing SA transmission/reception time by random, to detect contention during an on-going transmission.
3 Conclusion

In this paper, the scheduling procedure for D2D broadcast communication is investigated. Based on the discussion in section 2, we make the following observations:

Observation 1
Resource allocation for SA is being studied in RAN1.
Observation 2
SA carries the information about where/when/how to receive the user data from the transmitter, which is necessary for the receivers to receive user data from transmitter.
Observation 3
SA can reduce the power consumption of receivers needed to receive D2D traffic.
Observation 4
With SA transmitted at known points in time, the receivers can use DRX to reduce power consumption.
Observation 5
With SA, the receivers can mitigate collisions on user data transmission among D2D transmitters.
Observation 6
SA can be used to detect and avoid collision between D2D traffic and LTE traffic.
Observation 7
Limitation of the validity of the SA is beneficial.


Based on the discussion in section 2 we propose the following:
Proposal 1
For the case of transmitter being in coverage, when SA can be transmitted should be specified, either by pre-configuration or controlled by eNB to avoid collision with legacy LTE transmission.
Proposal 2
The resources used for D2D user data transmission from transmitters being out of coverage should be preconfigured.
Proposal 3
The D2D transmitter in coverage should request resources (time, frequency) for D2D user data transmission from eNB.
Proposal 4
A scheduling assignment, carrying the information about where/when/how to receive the user data, shall be transmitted prior to user data.
Proposal 5
The SA should be transmitted periodically, with a preconfigured periodicity. The length of this period is FFS.
Proposal 6
It is proposed for D2D transmitter to detect SA from other transmitters before transmitting the first SA to avoid contention.
Proposal 7
It is proposed to investigate some mechanism, e.g. changing SA transmission/reception time by random, to detect contention during an on-going transmission.
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