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Abstract of the contribution: This contribution provides some suggestions for protocol logic for floor control in ProSe Direct Communication MCPTT. 
Introduction

The September 30th conference call on MCPTT discussed floor control in case of ProSe direct communication. There was general consensus that where possible advantage should be made of the one to many nature of the communication and that relay into the network controlled MCPTT would have to be considered for knock on effect on the D2D performance. These are considerations and proposal for some aspects of the solution.
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Figure 1: Example group of devices including effective communication range
Figure 1 shows a group of users who may require to be engaged in one DMO MCPTT group where each member talks to and hears each other member. In this case there is one user (in red) who can see all other users but that must not be assumed. Generally some users can see several others but not the whole community.
It is assumed that communication packets will either;

· be sent in different resources (RB in time or frequency or channel)

· collide and only one or neither packet will be well received.

Packet scheduling, collision avoidance etc. are not the subject of this document. There may be multiple communications taking place simultaneously on different resources, many of which would be associated with a different group and would not be received. Multiple communications could occur in the same group on different resources. For example one device may ask for the floor claiming higher priority whilst another is in the middle of a talk period. By using different resources both flows are well handled.

It may be useful to assign a known subset of resources for ongoing main communication and a further subset for auxiliary communication so that UE can selectively receive a subset of the available resources and save battery power.
Initial communication

Direct users
The purpose of this section is to explore some of the opportunities and constraints for setting up of communication for the first time. The colour of the UE in the diagram below relates to the colour in figure 1.
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Figure 2: Initial communication
Start of communication: May be on request to speak but could be an empty message to support a keep alive approach – especially if routing table is an appropriate solution due to dynamic nature. The Originate indication or Start indication could be a count value 0 to identify the start of a new communication. Count may be required to better support ongoing communications.
UE D sends initial request – UE A-G receive this directly

UE A-G send ACK – Some UE will receive ACK from some but not all other UE – Each UE could record who they can see.

UE H sees ACKs from several UE but not the origination.

Priority marks the continuing communication. Only UE with higher Priority (perhaps emergency, supervisor…) can interrupt.

Second requestor feature could be handled. A similar or lower Priority user presses and holds, they know they are not higher Priority so the UE sends request for second. This is stored by the current talker (may have to be relayed to him). The current talker UE compiles list of second requests, ordered first by priority and second by time of first arrival. When he releases, the release can indicate the nominated second, third… All users have to wait d delay times number of users in list (second is one, second and third is two etc.) before requesting floor except those in the list who wait d times their position in the list -1 (i.e. second waits no time, third waits d etc.).

Some way to limit ACKs for a busy channel may be useful, perhaps if plenty of signal strength and seeing multiple other ACKs then selectively decline to ACK. A time limit to not ACK would be required, also some measure of busyness. i.e. only decline to ACK if less than time T between successive group transmissions.

If at least one ACK received and no NACKs received UE D continues sending packets including silence description etc. according to rules for keeping “floor”. Second requests are compiled as they are received. Possible to maintain floor for time period which could be reduced if more second requests are received. 

Assume orderly release by Originator sending a Release message, either as a result of higher priority interruption or time out or user releases floor (by releasing button). Release is the subject of a further paragraph.
Relaying – Direct Mode to Direct Mode
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Figure 3: Relay connection
When a MCPTT DMO UE sees an ACK associated with its group but does not see the origination, it asks for relay support by sending a RELAY REQ. UEs that see the RELAY REQ and the origination calculate a value for link goodness and respond with a RELAY ACK. Link goodness should be based on both links and the margin based on signal strength. A candidate value would be margin before the weaker link is lost. Assuming users are mobile it is better to choose a user who can support both links for the longest possible time. The UE requesting relay support monitors the responses and then selects the one that gives the best value. It responds with a RELAY ACCEPT indicating which UE provides the best value and that UE then relays the communication beginning by forwarding on the first message (origination). Relayed packets will include the same information as the original packet, except that it will send with its own ID, a Relay indication and the talker ID.
The Relay UE keeps a record of the bridges it holds and relays messages from any component UE from its bridge list. So Acks get relayed back to the originator as would Capture requests.

For further study. In case of multiple UE needing relay, it may be best to develop a process to migrate towards fewer UEs relaying to complete the full group.

FFS continuing management of the relay for users moving.

Relaying Direct Mode to Network Mode
Mostly FFS.

A Direct Mode to Network Mode Relay will bridge the communications between off network and on network groups. 
It will operate floor control into the off network group as if it were the on network user, that is it will assume the priority of the on network speaker when requesting the floor and communicating into the off network group. It will also indicate the ID of the actual speaker marked as proxied via its own RelayID.
Into the on network group the Relay will operate like a normal on network user, it will request floor control using the ID and priority of the off network speaker.

In situations where the on network group and the off network group are members of the same unique group, floor control should take control of both groups by this approach. In case of race conditions, which could occur because the off network group does not have a grant message before start, the relay will signal a crossover condition in both directions. This could be used to create warning messages or indications and the users could take action to avoid extended periods of splintered group operation. Some buffering could be handled by the relay.

Optionally the relay could Relay the on network communications to the off network group as a separate communication stream and the off network UEs could independently decode the two streams and multiplex the audio together so both speakers are heard at the same time.
Optionally the Relay could adopt a higher priority override in one direction or the other to overcome group splintering.

Ongoing communication

Once a user has successfully started a communication, subsequent packets are sent with an incrementing count value.

When there is no speech content but the user continues to hold the button (word gaps etc.) a silence descriptor is sent. After the first silence descriptor has been sent, the gap between packets can be extended to a time Ts before a new silence descriptor must be sent. This is used for other devices to confirm that they can continue to receive communication.

UEs receiving a first packet in a communication will send an Ack. This Ack (as are all Acks) is used to compile a list of devices receiving the communication.
Once a first Ack has been sent the receiving UEs then draw a random number between A and B and count that many packets before sending a new Ack as an indication of continued reception of all of the packets to date.

If a UE receives a packet out of order it sends a Nack with the Orig ID and the new count number. No action is taken to recover the lost packet but the Nack is used to investigate a relay opportunity.

If a UE receives no ongoing communication for Ts and no release message it sends a Nack with the Orig ID and the last received count number to investigate a relay opportunity.
Ending a communication

When a UE decides to stop sending a communication it sends a Release with its Orig ID. If the UE has a list of “second” users it sends the ordered list. Up to [three] IDs can be in the list.

If a UE sending a communication receives a Capture request from a higher priority user it immediately adds that user to its “second” list, forms the Release message and sends Release with the second list attached.
Action for Seconds

Users pressing the request button whilst a communication is ongoing will cause the UE to send a Capture request with their ID. Capture requests are relayed by UEs that consider themselves relaying for the UE sending the capture request.

A capture request can be cancelled by a subsequent release.
When the UE sending its communication ends and sends a Release, any UE that has an active capture request outstanding will read the list of seconds:

· If its ID is first in the list it will confirm to the user and take the floor, establishing a new communication.

· If its ID is in the list but not first it will wait time D for each ID in the list above its own ID to see if a higher priority UE takes the floor. If the xD time expires the UE sends its Originate and begins its communication. If a new communication starts for the group, all outstanding Capture requests are considered terminated but it may send another Capture request at expiry of its xD time.

· If its ID is not in the list the UE considers its Capture Request closed. It waits D x the number of IDs in the list before making any Originate or Capture request.

Joining an in progress communication

A UE may start receiving communications for its group, this may be an ongoing communication, a periodic Ack for an ongoing communication or a Capture request. In any of these cases the UE can join the group. If the communication received is the original, then it just returns Ack as normal. If it is another message, the UE sends a Relay Request,
Joining two subsets of a group
FFS.
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