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1. Introduction

This contribution looks at possible mechanisms in which resources are shared amongst users in the connectionless scenario for D2D voice communications. 
It should be noted that although we look at a connectionless approach from the RAN2 perspective this does not preclude the use of a cluster head to provide synchronisation [1].

2. Basic assumptions

The following are the basic assumptions on which this document is based

1. The target traffic is voice, typically in a PTT style unidirectional mode.

2. Group communications, i.e. a one-to-many approach such that UEs do not need to be discovered before they can communicate
3. Connectionless functionality. No cluster controller or head node is present, so UEs do not have to obtain a c-plane connection with this entity before sending data and are not assigned resources via this control plane connection. Typically a UE will simply append an  ID (likely to be a group ID) to any data and simply transmit this in physical resources it selects itself. 

4. Synchronisation at the subframe level is provided. This could either be via a single UE entity providing sync or via a distributed method, in either case the exact mechanism for achieving this is the responsibility of RAN1 and is not considered further here (although GDB believes the cluster head approach for synchronisation provides the best solution [1]) 

5. Some reuse of RAN1 physical channels is highly desirable and it is assumed in the rest of this document that a modified form of PUSCH is used. The use of PUSCH has been suggested extensively in RAN1 by a number of companies [2-6].
6. Despite the initial emphasis on voice traffic in group mode design, decisions should not limit future enhancements such as one-to-one voice, higher rate data services or relay functionality.

The use of connectionless functionality results in a number of implications to the functionality that can be employed. The key issues are listed below. 

1. As no system information is transmitted there can be no common notion of SFN, so it would not be possible, for example, to assign a particular frame to one particular traffic type or another. However if conventional sync signals (SSS and PSS) are used at layer 1 then the UEs will have frame synchronisation so would have a common notion of subframe number, i.e. it would be possible to assign a particular subframe to one particular traffic type or group.

2. No centralised scheduler, so UEs will have to organise resource usage autonomously. Typical schemes used in such circumstances are CSMA (carrier sense multiple access) based, whereby UEs wishing to send data first sense the carrier before choosing a resource appropriately.

3. Each UE must have an a priori allocated user ID and must also know a priori the group IDs they are interested in.

3. Discussion of possible resource selection algorithms
A number of possible mechanisms could be used to implement resource allocation in a connectionless system. The following alternatives are discussed below:

1. A purely random resource selection mechanism. UE independently select resources randomly every time a transmission must be made. Due to this random operation there is no benefit in performing any kind of CSMA mechanism.

2. A fixed allocation selection mechanism with no reservation declaration. In this case the UE looks for resources that it thinks are not currently used (CSMA functionality) and directly uses this resource. It keeps the same selected resource for subsequent transmissions – we assume that a voice service is the target so typically this reuse will occur every 20ms.

3. A fixed allocation selection mechanism with reservation declaration. In this case the UE uses CSMA functionality to find what it believes are unused resources and reserves these resources on a separate channel.
We look at all of these mechanisms in the subsequent sections of this document.
In all cases we assume that:

1. We wish to use conventional PUSCH layer 1 structure so must maintain 1ms TTI.

2. Voice codecs have a TTI much longer than this; typically voice codec TTI is 20ms.

3. Synchronisation between UEs at a subframe level is provided.

4. A known a prior fixed MCS is used.

5. A know fixed channel structure is used. Rather than segment over many subframes using a single RB per subframe it is likely that multiple RBs will be used by UEs in each subframe. This results in a known channelised resource structure. 

3.1 Random resource selection method
The simplest mechanism is a pure random allocation mechanism. Here the transmitting UE randomly selects a resource to use every time a PDU is to be transmitted. This is illustrated in Figure 1.
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Figure 1. Random resource selection
Receiving UEs do not know where in the resource space the transmission they are interested in is located. Using the defined channel structure and a priori known MCS they must decode all possible transport blocks in each subframe. At MAC the MAC headers are inspected and only those containing the group ID which the receiving UE is interested in is passed to higher layers.
Problems with pure randomised approach:
1. UE must attempt to receive multiple transport blocks every subframe. It is questionable whether this is at all possible. It is stated in [7] that for the uplink (36.302, section 6.1) ‘One transport block of dynamic size delivered to the physical layer once every TTI’. For the downlink (36.302, section 6.2) ‘N (up to two) transport blocks of dynamic size delivered to the physical layer once every TTI’. Clearly carrier aggregation functionality means this functionality is repeated, but given 5 component carriers there is a maximum of 10 transport blocks being processed in a subframe. However even this may not be adequate. It also seems strange that high UE requirements apply to simple voice communications.
2. Due to (1) the UE will have very poor battery life.

3. Difficult to extend to different services. It will be necessary to nail up channel structures and MCS to be used. It will thus be difficult to implement different services, e.g. video where larger packets are to be transmitted which might take up a larger portion of the resource space.

4. Difficult to implement soft combining algorithms. An approach similar to TTI bundling is being considered by RAN1 [9] (Note: The decision made in RAN2 that "no HARQ feedback is assumed" [10] would allow for this approach). This problem is illustrated in Figure 2.
5. The outage performance for the pure random allocation method is poor, as shown in the simulation results described in [8]. 
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Figure 2. Issues with soft combining in random resource selection
Observation : A random resource selection algorithm is difficult to implement due to the requirement to receive multiple transport blocks in every TTI and results in poor performance.

3.2 Fixed allocation without reservation declaration
The advantage of using a fixed allocation is that if all UEs know the periodicity of the used codec a priori then it will be possible to build up a reasonable prediction of where free resources exist. For example in Figure 3 UE3 wishes to transmit in subframe n+5. It has previously looked at the state of the resource space over the previous codec TTI period so it knows that UE1 is likely to transmit in this subframe but it has observed which channel (group of RBs) UE1 has used. Thus it can avoid this channel and avoid a collision.
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Figure 3. Fixed resource selection
The main problem with this approach is that again that receiving UEs will have to receive multiple transport blocks in a subframe and this may not be possible.
3.3 Fixed allocation with reservation declaration
A major problem with the structure illustrated in Figure 3 is that UEs looking for group transmissions must look across the whole channel bandwidth in every subframe to see if data is being sent to a group ID they are interested in. This is highly undesirable.

A possible solution to this problem is the introduction of a reservation channel. The operation of this for the group case is illustrated in Figure 4.
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Figure 4. Use of a reservation channel in D2D communication

A further benefit of the reservation channel is that it provides a mechanism to alleviate the ‘hidden node problem’. The recipient provides an acknowledgement on the reservation channel, which enables the recipient UE to reject the proposed resources because it detects interference on them, and possibly suggest others. In this way a form of channelised CSMA/CA (CSMA with collision avoidance) utilising RTS/CTS (request to transmit / clear to send) is implemented. 

Also because the sender must see an acknowledgement back from the recipient it can know that its original invitation has not collided with another sender advertising at the same time. A simple timeout mechanism could be implemented so that if no response was received for a certain timeout period the invitation would be assumed to have collided and would be retransmitted.

Finally it would be possible to remove the destination ID from the transmitted voice packet, as this will have been indicated in the reservation channel. However given the chance of collisions it may be decided this is still needed for extra protection.

This mechanism is illustrated in Figure 5.
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Figure 5. Possible CTS/RTS mechanism on reservation channel

Observation : The use of a reservation channel is essential for efficient resource usage in a connectionless system.  

However, the recipient response solution only applies to the one-to-one case. For the group call case it will clearly be difficult to rely on a similar mechanism, as it would be difficult to provide a single acknowledgement response when there are many recipient UEs. A simple invitation message followed by traffic transmission, as illustrated in Figure 4, may have to be used and this is clearly subject to collisions.

Observation : Mechanisms to avoid collisions in the group communications case, where acknowledgement of invite is difficult to achieve, should be investigated.

Observation : Due to the lack of the possibility of proper CTS/RTS in group communications the hidden node problem cannot be fully avoided. 
4. Signalling the end of a UE transmitting

The target application is PTT voice. In this scenario it is very useful to provide a definitive indication that the current talker has released their PTT button, so as to provide rudimentary floor control. Clearly it would be possible for receiving UEs to detect DTX for a specified number of voice codec periods to determine that the talker in the group has finished, however this mechanism is imprecise. A number of possible solutions exist:
1. A separate message is used on the reservation channel to indicate that the talk session has finished (user has release the PTT button).

2. The voice codec never implements silence suppression while the PTT button is pressed. Thus the reception of a MAC header with no data but only padding is an indication that the talker has stopped.
3. A new field in the MAC header which expressly indicates that the PTT button has been released.
Option 2 would appear to be the most applicable.

Observation : For efficient floor control it is important to indicate to group members that the current talker has finished and the PTT button is released. Mechanisms such as those listed in this document should be investigated.
5. Providing services other than voice

Another advantage of the reservation channel approach is that it allows an extension of the D2D functionality to services other than voice. The reservation channel can indicate different volumes and periodicities of resources. This is illustrated in Figure 6.
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Figure 6. Higher rate services could also be supported in connectionless configuration using reservation channel

Although group voice communications is the current priority, mechanisms should be provided which allow extension to additional services.

Observation : The use of a reservation channel allows for a variety of services to be provided in the connectionless scenario.  
6. MAC PDU structures for D2D communications.
6.1 MAC PDU subheader 
The MAC subheader that will be used in the D2D communications case should contain the following:
1. Group ID – we would anticipate this to be a 16 bit field.

2. UE ID – this would indicate the ID of the sender. Again we would anticipate this to be a 16 bit field.

3. LCID – It is likely that multiple services may be provided (other than voice)

It is unlikely that logical channel multiplexing is required however and therefore it is not clear if the length field is required. 
6.2 MAC control element: reservation indication
The reservation indication MAC control element is used on the reservation channel only. It should contain the following information:
1. Resource location. As discussed in this document it is necessary to provide an indication of the location and size of the selected resources. The location would be defined relative to the subframe on which the reservation was transmitted.

2. Periodicity. An indication of the periodicity of the resources. This field will also be able to indicate that no periodicity is applied to the resources.

3. MCS (optional). Although not necessary in the initial release an indication of proposed MCS would allow more flexible usage, which would be beneficial in cases where services other than voice are used.
Note that the MAC subheader defined above would be used in conjunction with this control element, indicating group ID and sender UE ID.
7. Conclusion

This paper has looked at the issues arising from the use of connectionless functionality to provide D2D communications. We present a basic structure for connectionless voice communications and show that the use of a reservation channel can be used to improve performance. It is shown how this can be used to implement a CSMA RTS/CTS approach, which could at a later date be extended to services other than voice. However some of the RTS/CTS mechanisms may not be applicable to the group communications case.

Proposal 1: RAN2 should consider the use of a reservation channel to allow UEs to declare their intention to start a transmission and the physical resources they would like to use.

Proposal 2: RAN2 should look at ways in which this reservation channel can be used efficiently in the group communications mode.

Proposal 3: Efficient mechanisms to indicate that a talker has finished and the PTT button released should be studied.

Proposal 4: Although the short term target is voice communications in group mode, any solutions should not prevent one-to-one or higher rate D2D services being implemented efficiently in the longer term.
Proposal 5: New MAC PDU structures using the formats discussed in this document should be used for the D2D communications scenario. 
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