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Discussion
1 Introduction
This paper discusses a suitable medium access scheme for Public Safety D2D communication and outlines a signaling flow of proposed medium access scheme. 
2 Discussion
2.1 “Coordinated” MAC versus “Uncoordinated” MAC
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(c) Option3
Two types of medium access control for D2D communication:
We classify options above into two categories 
1) Contention based uncoordinated MAC :
· Option 0) Random usage of resources without any sensing/notifying channel usage

· Option 1) Sensing (for empty resource identification) + Transmitting data packet followed 

· Option 2) Sending probe message (for resource reservation) + Transmitting data packet followed
2) Contention based coordinated MAC with coordinator UE:
· Option 3) Sending probe message (for resource request) + Receiving grant signal (considered for transmission grant) + Transmitting data packet followed
The first two options are seen as uncoordinated MAC, i.e. these options do not require any coordinating entity for resource usages among UEs. The third option is a coordinated MAC which requires a coordinating node for resource usages among UEs.

Comparisons

Option1) The benefit of option1 is that it does not require any immediate control signaling to initiate D2D data transmission. This benefit comes at the expense of possibly inefficient utilization of resources. The performance of uncoordinated MAC highly depends on traffic load of the involved UEs, where the performance is reasonable at low load but as the load increases, the collision ratio increases sharply. 
Option2) If probing step before transmission of D2D data packet is introduced as in Option2, the collision may be a little bit reduced, compared to option1, because probing step will notify reservation of resources to other and this will let those UEs avoid using the same resources for D2D data packet transmission at the determined timing.
Option3) To further suppress collisions, grant step can be introduced as in Option3. In this option, UE can transmit D2D data packet only after it receives grant for the transmission. The grant may be given in response to a prior transmission of probe message. 
Note: if grant is not transmitted, then option3 falls back to option2

Since it was agreed that no L2 feedback is provided for D2D transmission, collision should be avoided from the scratch as much as possible to prevent QoS degradation of Public Safety Communication. Option3 outperforms option1 and option2 in terms of collision ratio. 
In terms of access delay, the required contention window for the same level of collision of the first transmission message would be different for different options. In general, option1 requires longer contention window than option2 and 3, which means that option1 may result in loner access delay than option2 and 3.

The scalability issue (performance in terms of number of UEs and traffic load) should be seriously considered. It is quite essential for considered MAC to be able to ensure QoS at relatively high traffic load and high number of UEs, which seems definitely needed for large scale public safety operations. Option3 is more robust to those factors.  

It is noted that the coordinating node in option3 is favorable to inter-group interference management, when needed like the case of multiple groups located in communication range, because it is naturally the coordinating node that can do best the job of inter-group interference coordination. This will also help ensure QoS of public safety communication.  

It is also noted that in-coverage, eNB can take over the job of coordinating entity from the coordinator UE, which will gracefully enable full eNB control of D2D operations under network coverage. 
Regarding specification impact of option3, it is our view that it depends on the kind/amount of information we want to add in probe message and grant message. Quite simple version of option3 can be possibly designed if we let eNB send the same probe message as a grant message upon reception of probe message, assuming that other resource allocation rule determined by UE is almost common for all three options (i.e. if probe message == grant message).
From the reasoning above, we believe that option3 is highly beneficial to ensure QoS of public safety communication in various environments and this option is feasible to standardize in Rel-12 time-frame.  
Proposal 1
Contention based coordinated medium access scheme (option 3) is considered for Public Safety D2D communication.   

2.2  “Coordinated” MAC for Public Safety D2D communication 
In the following the outline of contention based coordinated medium access scheme for D2D communication is described.
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Figure1. D2D broadcast transmission from UE1 via resource grant given by scheduling UE 
· In step 1, a UE broadcasts a message (message1) indicating a request of D2D transmission. Note that due to broadcast nature of msg1, this message1 can be also heard by other UEs as well as scheduling UE. 
· In step 2, a scheduling UE receives the message1 and then may respond to the message1 by broadcasting a grant message (message2). This message1 can be also heard by other UEs as well as UE1.   

· In step 3 (3a), if a UE receives a message2 in response to mssage1 which the UE transmitted, it considers that D2D transmission is granted, and initiates D2D transmission on determined resources. 
Proposal 2-4 
Step1-3 above proposed. 
In step3, UE should be able to determine resources to use for D2D transmissions. It is straightforward to assume that the information indicated by message2 is associated with resources to be used for D2D communication, i.e. UE determines resources to use for D2D communication by referring to message2.    
Proposal 5 
Resource used for D2D transmission is associated with message2. It is FFS how it is associated with message2 (maybe up to RAN1 discussion). 

Since the primary traffic of Public Safety communication is voice, it is beneficial to introduce semi-persistent resource usage. To enable semi-persistent resource usage in the proposed medium access scheme, it is proposed that once D2D transmission is granted by message2, the grant is considered valid for a certain period of time. Based on this, step3b to 3x can be formulated as follows:

· In step 3b to 3x, UE is allowed to transmit D2D data packets multiple times in accordance with a message2 in response to mssage1 which the UE transmitted, i.e. the grant in message2 is valid for a certain period of time. 

Proposal 6
Once D2D transmission is granted, the grant is valid for a certain period of time, i.e. grant is for semi-persistent resource utilization. 

It is FFS if network should be able to take control between one shot grant and semi-persistent grant. 
3 Conclusion

Proposal 1
Contention based coordinated medium access scheme (option 3) is considered for Public Safety D2D communication.   
· In step 1, a UE broadcasts a message (message1) indicating a request of D2D transmission.

· In step 2, a scheduling UE receives the message1 and then may respond to the message1 by broadcasting a grant message (message2).  

· In step 3 , if a UE receives a message2 in response to mssage1 which the UE transmitted, it considers that D2D transmission is granted, and initiates D2D transmission on determined resources. 
Proposal 2-4 
Step1-3 above proposed. Capture the steps in TR. 
Proposal 5 
Resource used for D2D transmission is associated with message2. It is FFS how it is associated with message2 (maybe up to RAN1 discussion). 

Proposal 6
Once D2D transmission is granted, the grant is valid for a certain period of time, i.e. grant is for semi-persistent resource utilization.  
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