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1 Introduction

Centralized scheduling mechanism and distributed resource selection mechanism were discussed as the candidate of medium access control for D2D communication at RAN2#83bis [1][2][3]. In this contribution, we would like to see how the distributed resource selection would work with more details. 
2 Discussion
2.1) CSMA/CA in WLAN: 
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CSMA/CA in WLAN can be considered as the typical reference for distributed resource selection mechanism. It is carrier sensing based medium access control, i.e. listen before transmission. Collision avoidance is achieved by several ways such as RTS-CTS-DATA-ACK to request medium, duration information in each MAC HD (i.e. virtual carrier sensing), random back-off before transmission. Figure-1 shows how it works in WLAN. The transmitter starts carrier sensing by detection of preamble (STEP-1). If the medium is not busy during DIFS, the transmitter continues carrier sensing during back-off (STEP-2). Note the transmitter stops the back-off when it detects ‘busy’ and resumes when it detects ‘not busy’. The transmitter will send RTS if the back-off expires (STEP-3, STEP-4). Once the receiver receives RTS, it will send CTS after SIFS (STEP-5, STEP-6). Once the transmitter receives CTS, it will send DATA after SIFS (STEP-7, STEP-8). Once the receiver receives DATA, it will send ACK after SIFS (STEP-9, STEP-10).

Figure-1: CSMA/CA operation in WLAN
2.2) CSMA/CA for D2D communication:  

When looking how to adapt CSMA/CA into D2D communication, we can see some observations as follow: 

· RTS & CTS would not be applicable for D2D communication since in WLAN they were designed in order to avoid the consecutive collision for 1:1 communication. Meanwhile it is assumed 1:M communication would be baseline in D2D communication. Also note this function is not typically implemented in WLAN products.  

· DIFS & SIFS would not be required for D2D communication since in WLAN they were designed in order to handle Poll, ACK, RTS & CTS with the prioritization. Meanwhile it is not assumed any L2 feedback in D2D communication. 
· Back-off would be required since in WLAN it was designed in order to avoid consecutive collision between UEs once collided. It is assumed same mechanism can be applied into 1:M D2D communication as it is. 
· ACK would not be required for D2D communication since it is not assumed any L2 feedback in D2D communication.
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With the above observations, the basic distributed resource selection would be made up carrier sensing by preamble detection and back-off before transmission. Figure-2 shows how it works. The transmitter starts carrier sensing by detection of preamble (STEP-1). If the medium is not busy during back-off, the transmitter sends DATA (STEP-2, STEP-3). 
Figure-2: CSMA/CA for LTE D2D communication

[P-1]: Resource selection using carrier sensing and back-off should be baseline for D2D communication

2.3) Resource selection for D2D communication:
Resource pool configuration:

A radio resource pool for each communication group would be preconfigured by some means, e.g. D2D server or SIB. RAN1 assumes TDM based resource between D2D and LTE infra-structure mode, and FDM is FFS. It should be also discussed whether TDM or FDM would be applicable between one communication group and the other one. However we assume it is more RAN1 issue, so we would like to focus how resource selection should be done within one communication group in this contribution. 
Allocation of PRBs:
Separate control information for allocation of physical resource blocks was proposed at RAN2#83bis [4]. In our view, within a group, because of half-duplex characteristics, a UE cannot receive data from others while it is transmitting data to others. So instead of introduction of some complex mechanism to handle this issue, we assume only one transmission within a group is allowed to access at a time. Also based on the assumption main use-case of D2D communication would be voice communication, this assumption would be aligned with PoC (Push-to-talk over Cellular). Furthermore because of AGC and near-far problem, a UE cannot receive data from others while it is transmitting data. To be concluded, the basic principle for Rel-12 D2D communication should be only one transmission within a group is allowed to access at a time. With this principle, we do think there would be no issue regarding whether we need separate control information for allocation of physical resource blocks because single UE within a group is only allowed to access at a time, which means it will fully utilize the whole physical resource blocks within a configured resource pool. 
[P-2]: Only one transmission within a group at a time should be baseline for D2D communication
[P-3]: Separate control information for allocation of physical resource blocks would not be required
Allocation of MCS level:

Same as PRBs, some may argue separate control information is required for modulation and coding scheme. However with the following observations, we believe no separate control information is required. 
· 1:M communication is basic scenario to be considered

· No CQI feedback is assumed

· Very robust MCS level anyway should be preconfigured by some means, e.g. D2D server or SIB.  

[P-4]: Separate control information for allocation of MCS would not be required
Allocation of TB size: 

In LTE infra-structure mode, TB size is determined dependent on the PRBs and MCS [5], i.e. no need of separate control information. We assume same principle should be baseline. Some may argue separate control information would be helpful for small data such as VoIP, i.e. smaller TB size can have more robust coding rate. However we think anyway preconfigured coding rate will be determined as a robust one in order to guarantee reliable transmission. 

[P-5]: Separate control information for allocation of TB size would not be required

Preamble design:
Preamble design should be discussed and in RAN1. In basic, there would be two design options as follow: 
· Option-1: Preamble and DATA are transmitted together, e.g. continuous time and preamble is included in the frequency resources allocated for data transmission 
· Option-2: Preamble is not transmitted in separate with DATA  
In our view, option-1 would be simpler and it would be good not only for carrier sensing but also for channel estimation for DATA. We assume UL DM-RS like preamble would be the baseline. However it is RAN1 issue.
Example of resource selection:
Figure-3 shows an example of how resource selection would be done with the above proposals. Within a configured resource pool for a communication group, the transmitter starts carrier sensing. If preamble is detected, the UE will not try to access. If preamble is not detected, back-off will be started and running. Once back-off expires, the UE will send data. Allocation of physical resource blocks and MCS have been preconfigured (e.g. by D2D server or SIB). Transport block size is determined based on the physical resource blocks and the MCS. 
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Figure-3: resource selection within a configured resource pool for a transmitter
3 Conclusion

In this contribution, we see how distributed resource selection works in LTE D2D communication. The following proposals are made and the corresponding 36.843 TP [6] is proposed if agreeable. 

[P-1]: Resource selection using carrier sensing and back-off should be baseline for D2D communication

[P-2]: Only one transmission within a group at a time should be baseline for D2D communication

[P-3]: Separate control information for allocation of physical resource blocks would not be required

[P-4]: Separate control information for allocation of MCS would not be required

[P-5]: Separate control information for allocation of TB size would not be required
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