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1 Introduction

The WID for ProSe Rel-13 [1] states the following objective
3)
Define enhancements to D2D communication to enable the following features:

b)
Priority of different groups support [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)

In another paper we have described how to realize a priority mechanism [2]. In this paper we discuss how this prioritization mechanism can be used to enforce priority, i.e. in the context of floor control. Floor control itself is a vital mechanism for group communication, which is the main application for ProSe Direct Communication. 
2 Discussion

The normal mode of operation in ProSe is that one user in a group is allowed to talk at a time. Floor control is in this context the process of selecting which user in the group that is allowed to talk and notifying the user. Not all services require the use of floor control and therefore the floor control function will most likely reside on the application layer. This implies it is of limited concern to RAN2. However, some RAN2 involvement is required and therefore it is a good idea to describe the use of such RAN2 elements in a context i.e. exemplify how floor control can be implemented with ProSe.
As a part of the process it is necessary to make sure that the medium is free, i.e. no other UE in that group is transmitting. We also think that the possibility to pre-empt or override an ongoing communication should be included as part of the floor control; when a UE with higher priority wants to transmit, any current transmission by a UE with lower priority needs to be stopped in order for the floor to be made available. Finally, the UE that is pre-empted has to be notified.

2.1 Realization of floor control
A user that wants to transmit presses the push-to-talk (PTT) button on the UE. If no other UE in the group is currently transmitting no special procedure is needed; the UE that starts to transmit passes necessary information (e.g. its identities) to the (application layer of the) receiving UEs, e.g. by adding the information on priority to a MAC CE, together with time stamp showing when communication session started. 
If there is an ongoing communication session when the PTT button is pressed the UE that requests permission to transmit must behave differently. Since all UEs in a group listen to the ongoing communication in the group all UEs will know the identity (and the priority) of the UE currently transmitting.
Observation 1 A UE that is transmitting SAs and data can during the ongoing communication session receive and decode the SA and data from a second transmitting UE. 

At the press of the PTT button the following could occur (other procedures are possible):

-
The UE requesting to talk has already listened to the conversation and noted that the ongoing transmission comes from a UE with higher priority. The request is therefore transferred to a queue and the UE has to wait until the ongoing transmission has ended. In this scenario the user will not receive an acknowledgement that the floor is empty.

-
The UE requesting to talk has higher priority than the UE with ongoing transmission. Upon reception of SA and data the UE with ongoing transmission decodes the priority and prepares to leave the floor for the incoming call. Information on who owns the floor and if there is a UE in queue is transferred to higher layers.

Observation 2 Information needed to put UEs in a transmission queue is based on the time a UE requests the floor, the static priority of the UE within the group and the current situation, e.g. if the UE requests an emergency call or not.

2.2 Summary
A centralized floor control can be used for UEs communicating in coverage. For ProSe communication a distributed floor control mechanism is desirable. There are some proposals for how to implement floor control for off-network operation in [3]. A key function is the Floor Arbitrator (FA). It can be a central node, which would be suitable for on-network operation, but it can also be a distributed function, split among the communicating UEs. For off-network operation a distributed implementation is more suitable as there is no central node and therefore no single point of failure. 

Proposal 1 Floor control for is an application layer function. Floor control does not need to be standardized in RAN2.

Although we propose that floor control is an application and as such does not need to be standardized in RAN2, an example of a floor control algorithm can be found in Annex to simplify the understanding.
3 Conclusion

In section 2 we made the following observations:
Observation 1
A UE that is transmitting SAs and data can during the ongoing communication session receive and decode the SA and data from a second transmitting UE.
Observation 2
Information needed to put UEs in a transmission queue is based on the time a UE requests the floor, the static priority of the UE within the group and the current situation, e.g. if the UE requests an emergency call or not.


Based on the discussion in section 2 we propose the following:
Proposal 1
Floor control for is an application layer function. Floor control does not need to be standardized in RAN2.
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5 Annex – Example of a distributed floor control algorithm

A distributed solution can be considered, where each transmitting UE will act as floor arbitrator to determine whether it has floor or not, based on the priority of itself and other UEs. 

The UE involved in a group call needs to keep receiving transmissions targeting current group from other UEs when possible, e.g. when it is not transmitting. Even for a UE with an ongoing transmission which uses the dis-contiguous timeslots to transmit, it needs to keep receiving other UEs during the non-transmitting timeslots.

The UE calculates the priority of itself and other UEs based on the priority calculation mechanism and corresponding information.
The example below shows how it works.
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UE1, UE2, UE3 and UE4 are involved in a group call. The priority is UE1 > UE2 > UE3 > UE4. 

At T1: 
UE3 intends to transmit. No UE is occupying the floor. UE3 starts transmitting.

After T1: 
All UEs know UE3 is occupying the floor.

At T2: 
UE1 intends to transmit. UE3 is occupying the floor, but UE1 has higher priority. UE1 overrides and starts transmitting.

After T2: 
All UEs know UE1 is occupying the floor and UE3 is waiting for the floor.

At T3: 
UE2 intends to transmit. UE1 is occupying the floor and has higher priority. UE2 cannot transmit. 

After T3, the priority information in UE2 will be different from that in other UEs:

-
UE2 considers UE1 is occupying the floor and UE2 and UE3 is waiting for the floor;

-
Other UEs considers UE1 is occupying the floor and UE3 is waiting for the floor.

At T4:

UE1 has not transmitted for two SC periods. All UEs consider the floor released. 

-
From UE2 perspective, it detects UE1 releasing the floor, and UE2 is the highest priority among all waiting UEs. It takes the floor and starts transmitting. 

-
From UE3 perspective, it detects UE1 releasing the floor and UE3 is the only waiting UE. It takes the floor and starts transmitting.
-
As a result, UE2 and UE3 are transmitting simultaneously. UE2 and UE3 hear each other. UE2 has higher priority and will continue transmitting. UE3 receives transmission from UE2 and considers it is overridden by UE2 and will stop transmitting. 

After T4: 
All UEs know UE2 is occupying the floor and UE3 is waiting the floor.

At T5: 
UE2 has not transmitted for two SC periods. All UEs consider the floor released. UE3 detects UE1 releasing the floor, takes the floor and starts transmitting.

After T5: 
All UEs know UE3 is occupying the floor.
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