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1
Introduction
From the WID of D2D agreed in RAN#63, RAN2 will be responsible for the AS layer protocol design. 
	1) Specify higher layer (AS layers) protocols for D2D discovery and communication [RAN2]

a) Procedures, header format, signaling flows for D2D discovery and communication


In the previous RAN2 meetings, we have not discussed all the possibly useful MAC functions, architecture and MAC procedures. In this paper, we will conclude all the useful MAC functions, and update the MAC architecture and briefly discuss the possible changes of MAC procedures.
2
MAC Functions
As described in TS36.321[1], the following functions in Table1 are supported by the MAC sublayer in LTE. We analyze which of these functions are useful to support D2D at the UEs and eNB as in Table1, and have the following proposals.
Table 1: MAC Functions
	MAC function
	Decision
	Remarks

	Mapping between logical channels and transport channels
	Propose to agree for D2D UEs
	The logical channels configured for D2D should be mapped to the D2D dedicated transport channels

	Multiplexing
	Agreed for D2D UEs
	

	Demultiplexing
	Agreed for D2D UEs
	

	Error correction through HARQ
	Propose to agree for D2D UEs
	Error correction through the HARQ processes should be supported by the MAC layer at a receiving D2D UE.

	Transport Format Selection
	Propose to agree for D2D UEs and eNB
	There could be multiple transport formats for D2D transmission. For Mode 1, eNBs should be responsible for transport format selection. In the Mode 2 UEs, this function should be supported.

	Priority handling between UEs
	Propose to agree for eNBs
	For scheduling multiple Mode 1 D2D UEs, eNBs need handle the priority between these UEs.

	Priority handling between logical channels of one UE
	N/A
	This function is for eNBs scheduling DL transmission.

	Logical Channel prioritisation
	Agreed for D2D UEs
	Logical channel prioritisation at transmitting D2D UE.

	Scheduling information reporting
	Propose to agree for D2D UEs
	Mode 1 UEs would send SR/BSR to eNBs to request D2D resource.

	Padding
	Agreed for D2D UEs. 
	


Proposal 1: Update the Table 4.4-1 in TS 36.321 as follows:
Table 4.4-1: MAC function location and link direction association.

	MAC function
	UE
	eNB
	Downlink
	Uplink
	D2D 

	Mapping between logical channels and transport channels
	X
	
	X
	X
	X

	
	
	X
	X
	X
	

	Multiplexing
	X
	
	
	X
	X

	
	
	X
	X
	
	

	Demultiplexing
	X
	
	X
	
	X

	
	
	X
	
	X
	

	Error correction through HARQ
	X
	
	X
	X
	X

	
	
	X
	X
	X
	

	Transport Format Selection
	
	X
	X
	X
	X

	
	X
	
	
	
	X

	Priority handling between UEs
	
	X
	X
	X
	X

	Priority handling between logical channels of one UE
	
	X
	X
	X
	

	Logical Channel prioritisation
	X
	
	
	X
	X

	Scheduling information reporting
	X
	
	
	X
	


Proposal 2: Insert a new table for D2D only into TS 36.321.
Table 4.4-2: MAC function location for D2D Communication
	MAC function
	TX UE
	RX UE
	eNB

	Mapping between logical channels and transport channels
	X
	X
	

	Multiplexing
	X
	
	

	Demultiplexing
	
	X
	

	Error correction through HARQ
	
	X
	

	Transport Format Selection
	X
	
	X

	Priority handling between UEs
	
	
	X

	Logical Channel prioritisation
	X
	
	

	Scheduling information reporting
	X
	
	


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) for D2D 1:M communication, and we further divide it into two sub-types, DMTCH-TX and DMTCH-RX which are both one-way logical channels. DMTCH-TX is used for point-to-multipoint transmission, and DMTCH-RX is used for reception from another D2D UE. A new transport channel is also defined, called D2D Shared Channel (D2D-SCH) in the lower layer.
Another new logical channel is for D2D discovery, called D2D Discovery Traffic Channel (DDTCH). Due to L2 transmitting and receiving the D2D discovery messages transparently according to the agreements of D2D SI, there is no function and procedures to process the D2D discovery messages. The corresponding transport channel for D2D discovery messages is defined as D2D Discovery Channel (D2D-DCH).
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 3: Update the proposed MAC architecture into the TS 36.321.
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Fig.1 MAC architecture of the D2D UEs
4
MAC Procedures
In this section, we discuss the existing MAC procedures in TS 36.321, and some possible new procedures for D2D transmission and reception.
	Functions
	Discussion
	Proposal

	Random Access (5.1)
	D2D UEs may use RA procedure for RRC connection establishment with the eNB and scheduling request for D2D resource. Current RA supports these functions. 
	No obvious change needed.

	Maintenance of Uplink Time Alignment (5.2)
	In Mode 1, D2D UEs in connected mode should keep uplink time aligned to the serving cells. The existing function can do that.
	No obvious change needed.

	DL-SCH data transfer (5.3)
	This section is for cellular UEs to receive downlink packets from eNB. N/A to D2D.
	No obvious change needed.

	UL-SCH data transfer (5.4)
	This section is for cellular UEs to transmit uplink packets on UL-SCH to eNB. N/A to D2D.
	No obvious change needed.

	UL grant reception (5.4.1)
	This section is for cellular UEs to handle the received uplink grant for cellular uplink transmission. We assumed that physical layer will differentiate D2D grants to cellular uplink grants, so this section is N/A to D2D. 
	No obvious change needed.

	HARQ operation (5.4.2)
	This section is for cellular UEs to operate the uplink HARQ processes for transmission and retransmission. We assumed that dedicated HARQ processes would be used for D2D transmission and reception, so this section is N/A to D2D.
	No obvious change needed.

	Multiplexing and assembly (5.4.3)
	This section is used for logical channel prioritization and multiplexing of the cellular logical channels and MAC control elements for UL-SCH transmission.
Because D2D BSR and other D2D related MAC control elements if necessary would be transmitted on the UL-SCH together with the cellular transmission, thus the priority of the control element for D2D should be considered in this part.

	Needs small changes.

	Scheduling Request (5.4.4)
	The SR procedure is used for requesting UL-SCH resource for new transmission.
D2D BSR should trigger an SR. If a common SR-PUCCH resource is configured for both D2D BSR and cellular data, the eNB cannot get enough information for scheduling. It is possible that the eNB would schedule more resource than the size of D2D BSR, so that the residual resource would be wasted. A dedicated D2D SR could be configured to the D2D UE to resolve this problem.
The details are discussed in another paper [2].
	Use D2D dedicated SR for D2D scheduling request.

	Buffer Status Reporting (5.4.5)
	The existing BSR procedure is used for reporting the buffer status of uplink cellular logical channels. 
A new procedure for D2D buffer status report should be introduced to report the buffer status of D2D logical channels. We suggest having a separate section to introduce D2D BSR for simplicity. 
	No obvious change needed.

	Power Headroom Reporting (5.4.6)
	The existing power headroom reporting is used for the UE to report the difference between maximum power and the estimated power for uplink transmission. The eNB would make scheduling decision (e.g., how much resource to be scheduled for a UE) based on PHR.
In D2D Mode 1 communication, the eNB would schedule the D2D transmission. It is up to RAN1 to decide whether the UE needs to report the difference between maximum power and the estimated power for D2D transmission to help eNB make scheduling decision.
	Ask RAN1 if UEs will support D2D power headroom reporting.

	D2D-SCH data transfer (5.5)
	This section is for the D2D UE to transmit and receive D2D data on the D2D-SCH from other D2D UEs.
	Add this new procedure.

	D2D grant reception (5.5.1)
	The D2D grants may be received dynamically on PDCCH, or be configured semi-persistently. This section is needed to handle different grants and deliver grants to the associated D2D HARQ.
	Add this new procedure.

	D2D HARQ operation (5.5.2)
	We assume that there is one HARQs pool for D2D transmission and another HARQs pool for D2D reception. 
The transmitting HARQ is responsible for obtaining MAC PDUs according to the received D2D grant and perform transmission and retransmission of the MAC PDUs without feedback.
The receiving HARQ is responsible for combining the received data for the same MAC PDU and attempt to decode combined data.
	Add this new procedure.

	D2D Multiplexing and assembly (5.5.3)
	This section is used for logical channel prioritization and multiplexing of the D2D logical channels for D2D-SCH transmission.
The similar procedure to section 5.4.3 could be used.
	Add this new procedure.

	D2D Buffer Status Reporting (5.5.4)
	This procedure is used for reporting the buffer status of D2D logical channels, and could be similar to the cellular BSR procedure in section 5.4.5.
	Add this new procedure.

	PCH reception (5.6)
	No obvious impact.
	No obvious change needed.

	BCH reception (5.7)
	No obvious impact.
	No obvious change needed.

	Discontinuous Reception (5.8)
	For the D2D reception, if DRX will be introduced, then all the D2D UEs in the communication group should be in DTX mode in some subframes. The UEs in a communication group could span over multiple eNBs, if we want all the UEs in a group to be in DTX mode in some subframes, it definitely needs coordination between the eNBs to decide which groups in which subframes should be in DTX. Following the decision made by plenary that there is no coordination between eNBs in Rel-12 D2D WI, RAN2 is asked not to discuss DRX between D2D UEs in Rel-12.
D2D UEs can follow current cellular DRX procedure if configured.
	Not introduce D2D DRX in Rel-12.
No obvious change needed.



	MAC reconfiguration (5.9)
	No obvious impact.
	No obvious change needed.

	MAC Reset (5.10)
	Some D2D related operations are needed.
	Needs small changes following the decision on other aspects.

	Semi-Persistent Scheduling (5.11)
	This section is used for the UE to decide in which subframes the SPS grants/assignments occur if UL/DL SPS is configured.

SPS should be considered in D2D because voice is an important traffic type for public safety D2D communication and SPS can greatly reduce the signalling load in PDCCH. The existing SPS for cellular transmission could be reused mostly. 
This section should describe that in which subframes the D2D SPS grants occur if D2D SPS is configured to the UE.
	Reuse the existing SPS procedure for D2D communication.
Describe the subframes in which D2D SPS grants occur in this section.

	Handling of unknown, unforeseen and erroneous protocol data (5.12)
	Update the procedure to support D2D.
	Needs changes following the decision on other aspects.

	MCH reception (5.13)
	No obvious impact.
	No obvious change needed.

	Activation/Deactivation of SCells (5.14)
	This section is used for activating and deactivating Scell of the UE. There is no obvious impact of D2D on this part. 

Carrier aggregation is used to improve the UE throughput. From the perspective of a UE, there is no obvious motivation for D2D UEs to use the resource of multiple carriers for D2D communication in the same subframe. 
	No obvious change needed.
The D2D resource assigned to a UE in a subframe should be limited in one carrier.


5
Conclusion

In this contribution, we discussed the possible D2D impacts to current MAC specification including functions, architecture and procedures. We have the following proposals.
Proposal 1: Update the Table 4.4-1 in TS 36.321 as proposed above. 

Proposal 2: Insert a new table for D2D only into TS 36.321 as proposed above.

Proposal 3: Update the proposed MAC architecture into the TS 36.321.
Proposal 4: RAN2 is requested to introduce a D2D dedicated SR for D2D scheduling request.

Proposal 5: RAN2 is requested to add new procedures for D2D-SCH data transfer in TS 36.321.
Proposal 6: RAN2 is requested NOT to introduce DRX between D2D UEs in Rel-12.

Proposal 7: RAN2 is requested to reuse the existing SPS procedure for D2D communication.
Proposal 8: The D2D resource assigned to a UE in a subframe should be limited in one carrier.
Proposal 9: RAN2 is requested to ask RAN1 whether to support power headroom reporting for D2D. 
6
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