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1
Introduction
At RAN2#84 meeting, the following agreements are reached:
	Agreements
1
Segmentation and Re-assembly is supported on L2 by RLC UM.

2
A receiving UE needs to maintain at least one RLC UM entity per transmitting peer UE.

3
The receiving UE needs to know a source ID in order to identify the receiver RLC UM entity.

4
An RLC UM receiver entity does not need to be configured prior to reception of the first RLC UM data unit.
FFS whether we support multicast/unicast and/or broadcast

-
L2 Multicast/Unicast: A L2 target ID carried in the MAC header would allow to discard a received RLC UM PDU even before delivering it to the RLC receiver entity. 

-
L2 Broadcast: A receiving UE would process all received RLC PDUs from all transmitters and aim to re-assemble and deliver IP packets to higher layers. No L2 target ID would be needed, or, to be future proof, a fixed “broadcast ID” could be specified and transmitted. 




Due to the slow progress of discussion on resource allocation of D2D communication, RAN2 has made few agreements on MAC functionalities. Also, we have not discussed the possible architecture of MAC layer in the UEs supporting D2D communication.

 In this paper, we will first discuss possible functions for D2D MAC layer, including whether the multicast/unicast or broadcast should be supported in MAC. Secondly, we will discuss the architecture of the MAC layer of D2D UEs.
2
MAC Functions
2.1 
Existing MAC functions in cellular LTE 

2.1.1
Functions of cellular LTE UEs
As described in TS36.321[1], the following functions are supported by MAC sublayer in LTE UEs:

-
mapping between logical channels and transport channels;

-
multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

-
demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;

-
scheduling information reporting;

-
error correction through HARQ;

-
Logical Channel prioritisation;

In this section, we will discuss these functions one by one, to find which functions are applicable in the MAC layer of D2D UEs.

· mapping between logical channels and transport channels
The current logical channels are defined for cellular transmission and the description of these logical channels may not suitable for D2D. Therefore, we should define some new type of logical channels for D2D. In any case, in the MAC layer, logical channels need to be mapped into the transport channels.

· Multiplexing and de-multiplexing of MAC SDUs

Multiple logical channels could be used by one D2D UE to support multiple services, e.g. VoIP and file transmission. Multiplexing multiple logical channels onto transport blocks could utilize the radio resource efficiently, thus it is still useful for D2D communication.
· Error correction through HARQ

Repetition could be used for transmitting D2D packets. Similar to TTI bundling, different redundancy versions of a MAC PDU could be transmitted for many times. In this case, at the receiving side, the error correction through soft combination in the HARQ processes should be supported by the MAC layer.
· Logical channel prioritization

As mentioned above, multiple logical channels could be used to support different services. Similar to the cellular transmission, logical channel prioritization is useful to guarantee the QoS of different services. 
· Scheduling information reporting

If  a centralized resource allocation solution is chosen for D2D transmission, then the scheduling information reporting will be needed.
2.1.2
Functions of cellular LTE eNBs
As described in 36.321, some other functions are supported in the MAC layer of LTE eNBs, including:

-
priority handling between UEs by means of dynamic scheduling; 
-
priority handling between logical channels of one UE;

-
transport format selection.

For the out-of-coverage scenario, it is impossible for eNBs to schedule the D2D transmission. Some simplified functions of eNB should be transplanted to the D2D UEs, to serve as cluster heads. 
· priority handling between UEs by means of dynamic scheduling
For the centralized MAC for OOC scenario, some D2D UEs should act as cluster heads. If multiple UEs simultaneously request D2D resources from the cluster head UE, then the cluster head should allocate the resource as per the priorities of the UEs. The scheduling method could be semi-persistent or dynamic, which needs further study.
For the distributed MAC, this functionality is not needed.

· priority handling between logical channels of one UE
This function is used by LTE eNBs for downlink scheduling. For the D2D UEs, this function could be replaced by the logical channel prioritization.
· transport format selection
There could be multiple transport formats for D2D transmission. For both centralized and distributed MAC, this function needs to be supported by the MAC layer of D2D UEs.

Proposal 1: The following funcations should be supported by the MAC layer of D2D UEs:

-
mapping between logical channels and transport channels;

-
multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

-
demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;

-
Logical Channel prioritisation;

-
transport format selection.

-
error correction through HARQ;

Proposal 2: The following function is not needed by the MAC layer of D2D UEs:
-
priority handling between logical channels of one UE.

Proposal 3: If the centralized MAC is selected, the following functions should be supported in MAC layer of D2D UEs:

-
scheduling information reporting;

-
priority handling between UEs.
2.2 
Possible new MAC functions for D2D UEs

2.2.1
D2D packets filtering

In the RAN2#84 meeting, RAN2 raised the issue of supporting multicast/unicast and/or broadcast in L2. 

According to the decision in RAN plenary, RAN1 will focus on the broadcast 1:M communication. RAN2 has made the agreement that a receiving UE needs to maintain at least one RLC UM entity per transmitting peer UE. If L2 will not support multicast, then in the receiving UE, the RLC layer needs to maintain at least one RLC UM entity for each transmitting UE within its receiving coverage range, regardless of the communication group (service group, e.g. group of policemen) of the transmitting UE. In that case, the UE could maintain far more RLC entities than current cellular UEs, and will handle too many RLC PDUs (e.g. reassembling the segmented RLC SDU), but only a small portion of the packets are useful in upper layer, e.g. application layer. Compared to the L2 multicast mode, the L2 broadcast mode requires more processing capability and more memory in the PS UEs. Furthermore, due to more processing in L2, the broadcast mode will increase the power consumption at the receiving side.

To reduce the processing in RLC layer, it is better for the receiving UE’s MAC layer to take the responsibility to filter the packets which are not destined to itself.
RAN2 has made few agreements on the control plane so far. If some dedicated control signalling (e.g. authentication) is needed, then unicast mode should also be supported in L2, even for 1:M communication. 

Proposal 4:  To reduce the consumption of power, processing and memory, D2D packets filtering should be supported in MAC layer. Whether to support unicast mode in L2 needs further study, depending on the progress in the control plane.

To support the multicast in the MAC layer, at the transmitting side the MAC layer should know which communication group it will transmit to, and at the receiving side the UE’s MAC layer should know whether the D2D packets are destined to itself. Therefore, the identifier(s) of the communication group(s) to which the D2D UE belongs should be configured to the MAC layer. 

Proposal 5: the identifier(s) of the communication group(s) to which the D2D UE belongs should be configured to the MAC layer.
2.2.2
Distributing MAC SDUs as per the source UE identifiers
The exiting cellular UE receives MAC PDUs from one eNB, but a D2D UE will receive MAC PDUs from different UEs. At the receiving side, the MAC layer needs to distribute the de-multiplexed MAC SDUs into different logical channels according to the source UE identifiers and the logical channel identifiers.
Proposal 6: Distributing MAC SDUs as per the source UE identifiers and the logical channel identifiers should be supported by MAC layer of D2D UEs.
3
MAC Architecture
The UEs supporting D2D communication will be controlled by the cellular networks (at least the resource pool should be configured by the cellular networks). Therefore, the D2D UEs should include both the cellular functions and the D2D functions. We introduce a new MAC architecture for the D2D UEs as in Fig.1. 
In the upper layer, we use a new type of logical channel, called D2D Multicast Traffic Channel (DMTCH), which supports point-to-multipoint transmission and reception. A new transport channel is also defined, called D2D Shared Channel (D2D-SCH) in the lower layer.
Although there may be no HARQ feedback, the repetition of data transmissions and combining of the received data could be used in the HARQ processes. 

Proposal 7: RAN2 is kindly requested to include the proposed MAC architecture into the TR 36.843.
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Fig.1 MAC architecture of the UE supporting D2D communication

5
Conclusion
In this contribution, we reviewed all the MAC functions in the existing cellular networks, including the UEs and the eNB, and try to find which functions should be provided for D2D UEs. From our analysis, we have the following proposals:
Proposal 1: The following funcations should be supported by the MAC layer of D2D UEs:

-
mapping between logical channels and transport channels;

-
multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

-
demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;

-
Logical Channel prioritisation;

-
transport format selection.

-
error correction through HARQ;

Proposal 2: The following function is not needed by the MAC layer of D2D UEs:

-
priority handling between logical channels of one UE.

Proposal 3: If the centralized MAC is selected, the following functions should be supported in MAC layer:

-
scheduling information reporting;

-
priority handling between UEs.
The D2D UEs will receive packets from multiple sources. Thus some new functions should be supported by the MAC layer of the D2D UEs. We have the following proposalss:
Proposal 4:  To reduce the consumption of power, processing and memory, D2D packets filtering should be supported in MAC layer. Whether to support unicast mode in L2 needs further study, depending on the progress in the control plane.

Proposal 5: the identifier(s) of the communication group(s) to which the D2D UE belongs should be configured to the MAC layer.
Proposal 6: Distributing MAC SDUs as per the source UE identifiers and the logical channel identifiers should be supported by MAC layer of D2D UEs.
As per the analysis of the functions, we propose a new MAC architecture for the D2D UEs.

Proposal 7: RAN2 is kindly requested to include the proposed MAC architecture into the TR 36.843 [2].
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