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1 Introduction

In RAN2#85, the following is agreed for resource allocation [1]:
	Agreements
1
All UEs (Mode 1 (“scheduled”) and Mode 2 (“autonomous”)) are provided with a resource pool (time and frequency) in which they attempt to receive scheduling assignments. 

FFS how the resource pool is configured/provided to UEs in or out of coverage. (e.g. pre-configured; provided by eNB in SIB; forwarded by UEs in coverage to UEs out of coverage)

2
In Mode 1, a UE requests transmission resources from an eNB. The eNB schedules transmission resources for transmission of scheduling assignment(s) and data. 

2a
In Mode 1, the UE sends a scheduling request (D-SR or RA) to the eNB followed by a BSR based on which the eNB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

2b
In Mode 1, it is FFS how the eNB indicates the transmission resources to the UE. 

2c
In Mode 1, the UE needs to be RRC Connected in order to transmit D2D communication. 

3
For Mode 2, UEs are provided with a resource pool (time and frequency) from which they choose resources for transmitting D2D communication. 

3a
The eNB controls whether UE may apply Mode 1 or Mode 2 transmission. Details FFS. 

FFS: For Mode 2, UEs in the “edge of coverage”, obtain the transmission resource pool by the eNB (e.g. SIB signalling).

FFS: For Mode 2, UEs out of coverage it is FFS how they obtain the transmission resource pool (e.g. pre-configured; from other UEs; …). 


In the contribution, one possible procedure for resource allocation and scheduling is described.

2 Discussion
In Mode 2 resource allocation, the TX UE autonomously allocates resource from a pool of resources for the transmission of the Scheduling Assignment. The resource for transmission of the D2D data is indicated in the Scheduling Assignment. The indicated resource for the D2D data is also from a pool of resources. The RX UE monitors a pool of resources related to the Scheduling Assignment.

2.1 High level flow of TX UE

The following is the high level flow of the Mode 2 resource allocation for TX UE either in coverage and out-of-coverage:
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Figure 1: High level flow of the Mode 2 resource allocation for TX UE
It is assumed that all the UEs conducting D2D communication is SFN synchronised to each other so that location of the resources are aligned between TX UE and RX UEs.  For in-coverage TX UE, the TX UE conducting D2D communication is assumed to also SFN syhcnronised to the eNB.

1. All TX UEs may be preconfigured with pool of resources for Scheduling Assignment and data transmission for Mode 2 resource allocation for use in out-of-coverage scenario. When it is in coverage, eNB can provide the in-coverage UE with its preferred pool of resources for Scheduling Assignment and data transmission and this will override the pre-configured pool of resources if it is available. How the eNB provides the pool of resources to the TX UE is discussed in [3]. 

2. In this step, in RAN 1 working assumption on Scheduling Assignment, ‘UE on its own selects the resource for scheduling assignment from the resource pool for scheduling assignment to transmit its scheduling assignment’. For data transmission, the agreement is ‘a UE on its own selects resources from resource pools to transmit direct data and direct control information’. How to perform the selection of the resources for Scheduling Assignment and direct data transmission needs to be further studied?
3. In this step, the transmission of the Scheduling Assignment is contention based as the other TX UE may also transmit on the same resource. The MAC procedure for this is described further in the following section.

2.2 D2D Communication procedure
With the pool of resources for Scheduling Assignment and direct data, the TX D2D UE will use the scheduling assignment to inform UE the location of the resources for the direct data.
In order to provide synchronisation for the data transmission, the TX D2D UE also needs to send a preamble. This will be used by the RX D2D UE to synchronise with the TX D2D UE. The preamble is sent with the scheduling assignment. 
The preamble can also act as code-division multiplex for the Scheduling Assignment. Different UEs that send on the same time-frequency resources of the SA can be differentiated by the preamble as well.

Each preamble sent with the scheduling assignment and/or its time-frequency resources are associated with a direct data resource. Such resource mapping is provided by the eNB when the UE is in coverage case or predefined in the out of coverage case. Each preamble can be associated with a group and can be assigned to a UE when it registers to a group. But this is out of scope of this document. When a UE needs to transmit direct data to a group, it sends a preamble with scheduling assignment on the time-frequency resource for Scheduling Assignment associated with the group. The RX D2D UEs will monitor the time-frequency resources for preamble and scheduling assignment. 
Proposal#1: To initiate a D2D transmission for a group, a D2D TX UE needs to initiate a preamble transmission together with the scheduling assignment on a time-frequency resources associated with the group. The preamble with scheduling assignment and its time frequency resources provides the resource mapping of the data transmission to the RX D2D UEs.
Proposal#2: The preamble is used as the synchronization signals by the RX D2D UE to synchronise with the TX D2D UE.

The following is the high level view of the procedure.
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Figure 1

In the next section, how to reduce collision and congestion on the Scheduling Assignment resources are further discussed.
2.3 Medium Access Control

For such a random access scheme on the Scheduling Assignment, there is a need to provide a backoff mechanism to relieve congestion when the D2D load is high. Backoff based on transmission probability may be a good mechanism.
Proposal#3: Transmission probability can be considered to relieve congestion on the resources for Scheduling Assignment.
With carrier sense, it allows the TX D2D UE to hold a preamble (which is associated with resource for direct data transmission) for a period of time. All the other TX D2D UEs associated with the same group detecting their preamble being used will hold back on data transmission onto the same resources. Persistent scheduling is necessary to support voice service as performance will not be acceptable if each voice packet have to go through contention. 
Proposal#4: Carrier sense is used to allow for persistent scheduling.

However, allowing the UE to hold the preamble (and time-frequency resource) associated with the resource data transmission means that higher priority transmission/UE may not be able to send data when all the preamble and time frequency resources that the UE is associated with are all used. This may be important in the public safety use case where a commander may want to send an important instruction to the group when all resources are held up by other members. Hence, there is a need of a mechanism to preempt another UE from holding the preamble.
Proposal#5: A preemption mechanism needs to be introduced in the Medium Access Control to allow higher priority UE to preempt D2D transmissions.
3 Conclusion

In this contribution we discuss the resource allocation and medium access control of the distributed access scheme. It is requested that RAN 2 agree on the following proposals:
Proposal#1: To initiate a D2D transmission, a D2D TX UE needs to initiate a preamble transmission together with the scheduling assignment on a time-frequency resources. The preamble with scheduling assignment and its time frequency resources provides the resource mapping of the data transmission to the RX D2D UEs.

Proposal#2: The preamble is used as the synchronization signals by the RX D2D UE to synchronise with the TX D2D UE.

Proposal#3: Transmission probability can be considered to relieve congestion on the resources for Scheduling Assignment.
Proposal#4: Carrier sense is used to allow for persistent scheduling.

Proposal#5: A preemption mechanism needs to be introduced in the Medium Access Control to allow higher priority UE to preempt D2D transmissions.
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