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1 Introduction

The study on Proximity Services (ProSe) [1][2]) was originally meant to cover a wide range of scenarios and use cases, e.g., in or out of LTE coverage, for commercial or for Public Safety applications, technology components of peer discovery and UE to UE communication. The time allocated for ProSe work in Rel-12 is limited and therefore the work in RAN2 (based on suggestions from RAN plenary) is focused on broadcast communication for Public Safety and discovery for commercial applications. In this paper we present a solution for broadcast communication, with special emphasis on the resource allocation. ProSe communication is referred to as device-to-device (D2D) communication in the remainder of the paper.
At RAN2#83 the work on D2D communication was initiated. On requirements and which scenarios to study the following agreements were made:

1
Public Safety Communication should be possible irrespective of availability of infrastructure coverage. Whether this needs to be achieved by D2D direct communication in all cases (e.g. in-coverage) remains to be studied. 

2
We assume that D2D direct communication cannot be restricted to a dedicated carrier, i.e., D2D direct communication may appear on the same carrier as regular LTE. FFS how the NW can control (in particular for UEs in coverage) which resources they use for D2D communication. 

On the topic of “Coordinated access or CSMA” RAN2 concluded that:

=>
We will further investigate the complexity (and possibly efficiency) of different resource allocation schemes (fully scheduled; semi-persistent; CSMA like; …) and also the consequences for control plane and UP protocols. 

Based on these agreements and conclusion we study the following problems in this paper:

1.
How to realize Public Safety D2D communication in the three coverage scenarios.

2.
How to divide the resources between D2D direct communication and legacy LTE communication on the same carrier.
2 Discussion
For Public Safety D2D broadcast communication UEs need to be ProSe enabled. Further, UEs that lack NW support need to be pre-configured with, among others, what resources to use for transmission, and authentication/encryption keys. For UEs with NW support all settings can be provided by the NW or be pre-configured. In this case, since the UE may be involved in other communication the eNB would make sure that D2D and legacy UL communication do not interfere with each other.
The UEs involved in D2D communication need to identifiable, both for practical reasons and eventually to fulfil the requirement of having a unique ProSe ID. This identity can be preconfigured in the device or provided by an application. In this contribution D2D broadcast communication refers primarily to Public Safety use cases, although it is likely that the proposed solution would also work in a commercial scenario. 
2.1 Scenarios and definitions
So far, three coverage scenarios have been defined as shown in Figure 1.
-
In coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out of coverage. In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage.
ProSe-enabled: A UE that is enabled for D2D communication, e.g. this could refer to both additional hardware and pre-configuration of important environment variables.
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Figure 1 – The defined coverage scenarios.
From left to right: Partial coverage, In coverage, and Out of coverage.
2.2 Broadcast Data Transfer Procedure
The following steps may be envisioned for D2D broadcast communication occasion.
1:
Synchronization


The broadcasting UE provides synchronization for target UEs, along with other possible control information used for broadcast data reception. Furthermore, both the transmitter and the receiver are aware of a subset of contention based resources within the D2D resource pool, to be used for transmission and monitoring of the Scheduling assignment (step 2).
2:
Scheduling assignment


A broadcast scheduling assignment is sent by this broadcasting UE. The scheduling assignment includes information about the resource allocation for direct data communication (step 3) and possibly other control information [4].
3:
Direct data communication

Data communication follows the scheduling assignment received in Step 2, without establishing a dedicated channel. The data is sent over a broadcast channel. Randomization of the data channel resources may be considered to enhance performance.
3 Resource allocation

In this section we elaborate on resource allocation for D2D communication with Prose enabled UEs. As discussed in [1] the coverage scenario with highest prioritization is Out of coverage and Partial coverage. In the discussion below we assume that some basic synchronization is provided by RAN1, e.g. frame alignment.
When designing a solution we aim at using resources as efficiently as possible while at the same time providing reliable communication. Although it may be so that ProSe UEs are equipped with larger batteries than commercial UEs, power consumption should be minimized.
3.1 Basic principles
We envision that communication resources will be shared between D2D broadcast communication and legacy LTE communication. We define the D2D resource pool as a set of resources which are pre-configured in ProSe-enabled UEs for use with D2D broadcast communication. Because the D2D resource pool is pre-configured in the UE, it can be viewed as static. 
Proposal 1 A D2D resource pool is preconfigured in ProSe-enabled UE. 

Proposal 2 D2D broadcast communication can only use resources in the D2D resource pool.

In the following sections we investigate how these principles apply to various scenarios.

3.2 Out of coverage

For the out-of-coverage scenario, the resource allocation is handled by the UEs themselves. 
Even for out of coverage UEs, it is assumed that RAN1 provides means to allow UEs to synchronize directly to each other and have a common timing reference [5]. Relating to the procedure in section 2.2 this synchronization step must therefore be carried out on resources in the D2D resource pool known to the receiving UE. After the synchronization step the receiving UE will be synchronized to the sending UE and able to receive the scheduling assignment which is also transmitted on known resources in the D2D resource pool. The scheduling assignment includes information about which resources in the D2D resource pool will be used for the transmission of the user data (step 3). The user data may be transmitted in several subsequent transport blocks. The last packet in a D2D broadcast communication occasion could be marked to let the receiver UE know when the session is over. To keep the UEs synchronized during the user data transmission, the transmitting UE could transmit the synchronization signals periodically.
We note that an efficient method for achieving synchronization allows possibilities for power saving, but we also note that the details of this method are left for RAN1[5].
Observation 1 We note that an efficient method for synchronization allows possibilities for power saving in the out of coverage scenario.

Proposal 3 The synchronization step in a D2D broadcast communication occasion is used to synchronize the receiver UE to the transmitter UE.
Proposal 4 The scheduling assignment step in a D2D broadcast communication occasion is used to inform the receiving UE which resources in the D2D resource pool will be used for the user data transmission.

Proposal 5 A UE out of coverage performs the synchronization step and scheduling assignment step on known resources in the D2D resource pool.

Proposal 6 A UE out of coverage monitors a known subset of the resources in the D2D resource pool to perform the synchronization step and scheduling assignment step.
3.3 Partial coverage

In this scenario there are two UEs, UE-A and UE-B. UE-A is out of coverage and UE-B is in coverage. The assumption here is that UE-B is within range of UE-A and vice versa. We analyze this scenario from two directions, depending on which UE initiates the communication. In the first case UE-A initiates it, and in the second case UE-B initiates it.
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Figure 1: An example flow chart with D2D broadcast transmitter and receiver procedures. In this case, UE-A is out of coverage, and UE-B is in coverage.
3.3.1 Communication from a UE out of coverage
In this case UE-A will initiate the D2D broadcast communication occasion. UE-A is out of coverage, and according to the out of coverage scenario, it will perform the synchronization step on known resources in the D2D resource pool. UE-A does not know that UE-B is in coverage, and can therefore not take any special action due to that. Since UE-A performs the synchronization step on known resources in the D2D resource pool, UE-B needs only to monitor a known subset of the resources in the D2D resource pool to perform the synchronization step. After the synchronization step the steps of scheduling assignment and user data transmission follows similar to the out of coverage scenario.
In order to be able to perform the synchronization step, the D2D resources which UE-B monitors cannot be used for legacy LTE communication. Since the eNB controls which resources are used for legacy LTE communication, it must also know about the D2D resource pool. An eNB should avoid scheduling of legacy LTE communication on resources in the D2D resource pool. The eNB should be able to control the amount of resources in the D2D resource pool used for D2D broadcast communication at a given point in time. If there are no ProSe-enabled UEs in the cell, the eNB may schedule legacy LTE communication on the resources in the D2D resource pool.
In order to be able to perform the user data transmission step, the resources used for this transmission cannot be used for legacy LTE communication. One way to solve this would be if UE-B transmits its synchronization signal periodically and relays from eNB to UE-A which resources can be used for D2D broadcast communication. With this information UE-A can select a resource which is not used for legacy LTE communication. We note that the details of synchronization signal is left for RAN1[5].
Proposal 7 The eNB is configured with the D2D resource pool.

Proposal 8 The eNB can control the amount of resources out of the D2D resource pool it allocates for D2D broadcast communication, e.g. based on the number of ProSe enabled UEs in the cell.

Proposal 9 A UE in coverage monitors a subset of the resources in the D2D resource pool. These resources are configured by the eNB.
3.3.2 Communication from a UE in coverage

In this case UE-B will initiate the D2D broadcast communication occasion. UE-B is in coverage and can therefore not use resources in the D2D resource pool without being granted by the eNB. Thus, in order to make a transmission to UE-A, UE-B must first request which resources to use. Similar to the out of coverage scenario, the eNB would allocate known resources out of the D2D resource pool for UE-B to use for the synchronization step and scheduling assignment step. As the user data transmission may be performed on any resources in the D2D resource pool, the eNB may select any suitable resource for this step. After being granted resources out of the D2D resource pool, UE-B initiates the D2D broadcast communication occasion.
Requesting resources from the eNB may add to the delay. If all resources in the D2D resource pool were contention based in this scenario it could result in a shorter delay. However, this would mean that the eNB would potentially need to reserve the resources in the D2D resource pool for a longer time period, leading to an inefficient resource usage. Furthermore, if the resources were contention based, collisions would occur as the traffic increases, thus impacting capacity. It is likely that the eNB would be able to achieve a higher capacity in a non-contention based scheme. Which solution is the best one depends on several factors, the size of the D2D resource pool, the required capacity, and the required delay to name a few. We think the possibility for increased capacity speaks in favour of a non-contention based scheme.
UE-A, being out of coverage, is configured to monitor a known subset of the resources in the D2D resource pool to perform the synchronization step. This is similar to the out of coverage scenario.
Proposal 10 A UE in coverage performs the synchronization step and scheduling assignment step on the resources in the D2D resource pool granted by the eNB.

3.4 In coverage

For this scenario, when all UEs are in coverage, we see two possible solutions. Using legacy LTE communication would work well or the proposed procedure in section 3.3 could also be an option.

To minimize the impact to legacy LTE communication, the resources in the D2D resource pool should be allocated for D2D broadcast communication for as short a time as possible, ideally only during a D2D broadcast communication occasion in the cell. For example, a UE could report to the network when it stops D2D activities.

We think that RRC states only apply for UEs in coverage. ProSe-enabled UEs in RRC_IDLE can receive and decode D2D broadcast communication occasions from another UE. This increases the possibility for a UE in coverage to receive the D2D broadcast communication occasion from a UE out of coverage. However, a UE within coverage must be RRC_CONNECTED when it transmits data even for D2D broadcast communication to a UE out of coverage. The reason is that the described procedure in section 3.3.2 requires the UE to first request resources from the eNB.
Proposal 11 A UE in coverage can receive a D2D broadcast communication occasion when in RRC_IDLE.

Proposal 12 A UE in coverage may only transmit a D2D broadcast communication occasion when in RRC_CONNECTED.
3.5 Conclusion on resource allocation

We have shown that a simple procedure consisting of the steps of Synchronization, Scheduling assignment, and Direct data communication, can be used to fulfill D2D broadcast communication in the three coverage scenarios studied. Although there are details to be further investigated, we think this procedure is a viable way forward.

Proposal 13 RAN2 to adopt the D2D broadcast communication occasion of Synchronization, Scheduling assignment, and D2D data communication as the way to realize D2D broadcast communication.
4 Conclusion
In this paper we consider solutions that can be realized in Rel-12. For in-coverage scenario, we claim that existing means of communication can be used. Therefore the primary focus of this paper is out-of-coverage and partial coverage scenarios; however, the proposed solution also supports D2D communication within LTE coverage.
Based on the discussion in sections 2 and 3 we propose the following:
Proposal 1
A D2D resource pool is preconfigured in ProSe-enabled UE.
Proposal 2
D2D broadcast communication can only use resources in the D2D resource pool.
Proposal 3
The synchronization step in a D2D broadcast communication occasion is used to synchronize the receiver UE to the transmitter UE.
Proposal 4
The scheduling assignment step in a D2D broadcast communication occasion is used to inform the receiving UE which resources in the D2D resource pool will be used for the user data transmission.
Proposal 5
A UE out of coverage performs the synchronization step and scheduling assignment step on known resources in the D2D resource pool.
Proposal 6
A UE out of coverage monitors a known subset of the resources in the D2D resource pool to perform the synchronization step and scheduling assignment step.
Proposal 7
The eNB is configured with the D2D resource pool.
Proposal 8
The eNB can control the amount of resources out of the D2D resource pool it allocates for D2D broadcast communication, e.g. based on the number of ProSe enabled UEs in the cell.
Proposal 9
A UE in coverage monitors a subset of the resources in the D2D resource pool. These resources are configured by the eNB.
Proposal 10
A UE in coverage performs the synchronization step and scheduling assignment step on the resources in the D2D resource pool granted by the eNB.
Proposal 11
A UE in coverage can receive a D2D broadcast communication occasion when in RRC_IDLE.
Proposal 12
A UE in coverage may only transmit a D2D broadcast communication occasion when in RRC_CONNECTED.
Proposal 13
RAN2 to adopt the D2D broadcast communication occasion of Synchronization, Scheduling assignment, and D2D data communication as the way to realize D2D broadcast communication.
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