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1. Introduction

This document presents the results of a simulation analysis of the outage observed for the connectionless approach to D2D voice communications. Two approaches to resource selection are examined:
1. An entirely random selection of resources by UEs. This random choice occurs each time the UE wishes to transmit. No CSMA is employed, because interference observed in a previous subframe does not provide any indication as to whether a particular RB will be free in the current subframe. Note that this functionality may also be combined with an announcing channel which indicates that a UE is beginning to transmit. This announcing channel is useful in this case because when receiving UEs do not know where a transmission of interest may occur they must receive all the blocks across the whole resource space and use filtering at MAC to determine which are relevant. Clearly this approach will result in high power consumption requirements, so receiving UEs start by looking at only the announcing channel and only when they see an announcement of a group they are interested in do they start receiving all blocks in each subframe.
2. A reservation and CSMA type approach, where a UE first searches for free resources and then transmits a message on a reservation channel indicating where these resources are. The UE continues to use the same resources throughout the talk time. Note that effective CSMA is made possible in this approach because once UEs have selected resources to use, the location of these resource are fixed (with defined periodicity). When other UEs wish to start transmitting, they know the periodicity of resources and can thus build an accurate picture of where free resources exist.
This document provides results for both of these approaches.
Note that a more detailed discussion of potential algorithms and messages contents is contained in [1].
2. Discussion
2.1 Basic simulation assumptions 

The following shows the basic simulation parameters and assumptions:
1. Pathloss model as defined in 36.843 – using uniform drop method

2. Voice channel consists of 2 RBs

3. Reservation channel consists of 1 RB.

4. UE TX power 23dBm

5. Voice codec TTI = 20ms

6. The talk time of a single UE is modelled by an exponential distribution with a mean of 5s, after which a new UE is immediately selected at random.

7. UE noise floor 9dB

8. SNR requirement for both voice and reservation channel +7.5dB.

9. Number of groups variable (see results below). Group IDs are allocated to all UEs at the start of the simulation and one UE within each group is transmitting. The UE within the group who is transmitting changes based on the talk time as defined in point (6) above.
10. Number of channel for voice variable (see results below).

11. Number of channels for reservation = 1.

12. Total number of UEs in simulation is 2850.
13. Areas of 0.6km2, 1.3km2 and 3.7km2 have been simulated.

2.2 Simulation description
2.2.1 Announcing / Reservation channel usage
There is a single announcing/reservation channel modelled for both techniques. Whenever a talk session starts, i.e. a the talker in a group changes (note that there is always one talker in each group), an announcement is made on this channel. In the reservation and CSMA approach this message will also contain the selected location of the resources.
2.2.2 Voice channel resource selection
2.2.2.1 Random allocation approach

When a talk session starts, the subframe on which the voice packets are transmitted is selected and subsequent transmissions occur on the selected subframe + n*codec TTI. However each channel (i.e. group of RBs) is selected randomly from the available set. This is illustrated diagrammatically in Figure 1.
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Figure 1. Diagram of channel structure with a reservation/announcing channel for the random allocation approach, illustrating the resource selection procedure
2.2.2.2 Reservation and CSMA approach

In the CSMA and reservation approach, the UE makes an estimate of the interference across all channels. In this approach it is assumed that the UE knows a priori that the traffic is voice traffic and thus has a defined periodicity. In this case it is assumed that the periodicity is 20ms, due to the voice codec TTI, so when the UE wishes to transmit it collects 20ms worth of measurement data. Once a map has been established the UE then chooses the channel with the lowest interference to transmit on. 

Note that a key component of this technique, which allows the CSMA approach to work, is that once the channel is chosen by the UE it is fixed, although of course the UE transmits on it with the defined 20ms periodicity.

It should also be noted that it is only necessary to transmit a reservation message (on the reservation channel) once, at the start of the voice transmission.
This functionality is illustrated in the figure below.
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Figure 2 Diagram of channel structure for the reservation and CSMA approach, illustrating the resource selection procedure
2.2.3 Outage determination

The purpose of this simulation was to determine the effect of interference from other transmitting UEs on outage. Thus the mechanism to determine outage is to compare the number of UE which receive the transmission from the transmitting member of their group at or above the required SNR when there are no interferers, versus the number which receive the transmission above the required SNR when there are interferers present.
Note that that even though another UE may be transmitting in the same subframe and the same channel (the same set of RBs), some UEs will still be served. Thus the simulation is NOT a simplistic one which assumes that when a collision occurs all communications are blocked.

The outage depends on the density of UEs; if all UEs are located close together then if two transmitting UEs have selected coincident resources it is unlikely that many UEs will obtain adequate SNR requirement and the outage will be high. This is clearly due to the low pathloss between UEs when grouped together. However a given channel may be reused with little outage if there is sufficient separation between groups.
Note that the same mechanism to determine outage was applied to the announcing/reservation channel as to the voice traffic channels.

2.3 Results of the simulation
Figure 2 shows the case where there are 5 voice channels, with the number of groups varied. Note that there is always one transmitting UE in each group. The total number of UEs in the simulation is always 2850, although the area over which they are spread is varied: areas of 3.7km2, 1.3km2, 0.6km2 are simulated. We compare the traffic channel versus the outage on the reservation channel:
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Figure 3. Graph showing outage rate versus number of active groups for the case with 5 voice channels and 2850 UEs. Outage rates on traffic channel and reservation channel are shown.
Note that the outage is reported as a rate not a percentage. In the graph shown in Figure 2 the outage is approximately 10% for 20 active groups in a 0.6km2 region for the random allocation approach. 
Figure 3 shows the effect of varying the number of voice channels while keeping the number of groups fixed:
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Figure 4. Graph showing outage rate versus number of voice channels for the case with 30 simultaneous groups and 2850 UEs. Outage rate shown is for the traffic channel.
The graphs shown in Figures 3 and 4 show that the outage on the traffic channel in the random allocation method is extremely high. Even with very large number of channels and a small number of groups the outage is significant. A typical scenario would be for 30 groups with 10 voice channels, it can be seen in Figure 4 that in this case an outage of between 5% and 10% is observed (an outage rate of between 0.05 and 0.1). In contrast, when the CSMA/reservation approach is used the outage is well below 1% for the same number of voice channels and groups.
3. Conclusion

The outage on the reservation/announcing channel is very low, due to the fact that the activity on this channel is small. UEs only use this channel whenever there is a change of transmitter in each group. This will occur whenever the talker has stopped talking and released the PTT button on their terminal and a new talker in the group presses their PTT button. In the simulation results presented here the mean talker time is only 5s and despite this the outage on the reservation channel is well over an order of magnitude less than on the voice traffic channels. Note that we expect the performance on this channel to be the same for both the random allocation and reservation/CSMA.
It is clear from the results shown above that the random selection of resource by UEs is far inferior to a CSMA/reservation approach. The only time when they become comparable is when the available channels become so small that the CSMA approach is unable to find empty resources (see case of 2 voice channels in Figure 4).  

Observation 1 : A connectionless approach is possible for D2D communications. Outage due to interference/collisions can be kept to below 1% using a bandwidth of 10RBs with 30 groups simultaneously active. 
Observation 2 : The CSMA/reservation approach outlined in this document (detailed in [1]) must be used to obtain this performance.
Observation 3 : Random allocation of resource cannot be used, as even with a large available bandwidth and small number of users the outage rate is well above the typically required 1% level.
Proposal 1 : RAN2 assumes the use of connectionless functionality utilising a reservation channel, which declares the group ID and sending UE ID together with an indication of the physical resources that the UE has selected (see [1]). CSMA mechanisms are then used by UEs to locate appropriate resources and once a UE has selected resources these are fixed, with a defined periodicity, for the period of the talk time. 
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