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1. Introduction
For D2D communication, D2D interface (i.e. PC5) is a new interface between UEs, which is different from the traditional D2N Uu interface. Whether the legacy protocol stack in D2N is suitable in D2D interface needs to be discussed. This contribution gives our consideration on this issue.

2. Discussion
1) General
According to 36.300, current protocol stacks in D2N interface is given from user plane and control plane separately, indicated in Figure-1. 
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Figure-1 LTE protocol stack

To minimize the UE complexity and maximum the compatibility with the legacy stack, the protocol stack in D2D interface should reuse the current one as much as possible. Whether all function/layer needs in D2D interface, it should be discussed according to the D2D special requirements. 
Proposal 1: The protocol stack in D2D interface should be compatible with the legacy stack as much as possible.
For unicast communication, it is similar as the PTP transmission in D2N interface; for broadcast communication, it is similar as PTM transmission in D2N interface, i.e. eMBMS. 

2) User plane 
The required functions for D2D unicast and broadcast communication are given in Table-1. 
Table-1 Analysis on the function in user plane
	
	Function
	Unicast communication
	Broadcast communication
	Note

	MAC
	Mapping between logical channels and transport channels
	Yes.
	Yes.
	It is possible to transmit more than one service via one D2D link.

	
	Multiplexing/demultiplexing of MAC SDUs
	Yes.
	Yes.
	

	
	scheduling information reporting
	Yes.
	No.
	It is used for unicast, not for broadcast.

	
	Error correction through HARQ
	Yes.
	No.
	Feedback is infeasible for broadcast.

	
	LCP in uplink
	Yes.
	Yes.
	In case of more than one logical channel mapping on one D2D link, it is necessary.

	
	Priority handling between UEs by means of dynamic scheduling
	Yes.
	N/A.
	If one UE has different D2D links for different UEs, it is needed.

	
	MBMS service identification
	N/A.
	N/A.
	

	
	Transport format selection
	Yes.
	Yes.
	

	
	Padding
	Yes.
	Yes.
	

	RLC
	Transfer of upper layer PDUs
	Yes.
	Yes.
	

	
	Error Correction through ARQ (only for AM data transfer)
	Yes.
	No.
	For broadcast, feedback is infeasible so AM mode is not applicable.


	
	Concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer)
	Yes
	Yes for UM.
	

	
	Duplicate detection(only for UM and AM data transfer)
	Yes
	Yes for UM.
	

	
	Protocol error detection (only for AM data transfer)
	Yes
	No.
	

	
	RLC SDU discard (only for UM and AM data transfer)
	Yes.
	No.
	

	
	RLC re-establishment
	Yes.
	No.
	

	PDCP
	Header (de)compression
	Yes.
	No.
	For broadcast, PDCP layer is unnecessary, similar as eMBMS protocol stack.

	
	Ciphering and deciphering
	Yes.
	No.
	

	
	Transfer of user data
	Yes.
	No.
	

	
	Timer-based SDU discard in uplink
	Yes.
	No.
	

	
	In-sequence delivery of upper layer PDUs at PDCP re-establishment procedure for RLC AM
	Yes.
	No.
	

	
	Duplicate detection of lower layer SDUs at PDCP re-establishment procedure for RLC AM
	Yes.
	No.
	

	
	Retransmission of PDCP SDUs at handover for RLC AM;
	Yes.
	No.
	


The pair of peer entities is between UEs. For unicast, the protocol stack includes all the functions, and for broadcast, it only supports RLC-UM function and MAC function except HARQ part.

Proposal 2: For user plane protocol stack in D2D interface, it is proposed to reuse the protocol stack in D2N interface for unicast, and reuse eMBMS protocol stack in D2N interface for broadcast. 

3) Control plane 
The control plane functions are divided into two parts: resource management and D2D link maintenance. Resource management means the resource allocation used for D2D communication; D2D link maintenance means the function related to maintain D2D link between UEs, e.g. D2D connection establishment/maintenance/release.
There are three possible transmission mechanisms for D2D communication: full scheduling, semi-static scheduling and CSMA-like. Centralized control is needed for the first two types, but not for the third one. Hence, there would be two kinds of consideration on the control plane. 
· Option 1: centralized control mode
There would be one central control node, i.e. eNB (in-coverage) and new control node (out-of-coverage) to control the resource allocation, and may maintain the D2D link based on UE’s report. 
·  For resource allocation, the resource for actual D2D transmission is allocated by the central control node, and the pair of peer entities exists between the UE and the central control node. For in coverage case, the D2N interface can be reused, but for out-of-coverage, new D2D interface will be used as in Figure-2(a).
·  For the D2D link maintenance, it can be maintained by UEs themselves or via the central control node. If via central control node, for in-coverage case, the D2N interface can be reused, but for out-of-coverage case, new D2D interface will be used as in Figure-2(b); if by UEs themselves, new D2D interface will be used as in Figure-2(c). 
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Figure-2 Control plane protocol stack in centralized mode in D2D interface
· Option 2: distributed control mode
Only one resource pool is configured to all attended UEs and how to use it for each D2D transmission is dependent on CSMA-like mechanism. 
·  For resource management, the resource pool can be configured by eNB (in-coverage) or pre-configured (out-of-coverage).  For in-coverage case, if the resource is allocated via network, the peer entities exist between eNB and UE, and current protocol stack in D2N interface can be reused; for out-of-coverage case, control plane is unnecessary.
·  For D2D link maintenance, the pair of peer entities exists between UEs. 
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Figure-3 Control plane protocol stack in distributed mode in D2D interface
Considering the two communication types, the control function of resource management is needed for both unicast and broadcast; while for the control function of D2D link maintenance, it is only needed for unicast because there is no dedicated D2D link between UEs in case of broadcast.
The control plane peer entities are given in Table-2.
Table-2 Control plane peer entities in D2D interface (RRC entity)
	Mode
	Function
	Control plane peer entities

	
	
	Unicast communication
	Broadcast communication

	Centralized mode
	Resource management
	Between UE and central control node
	between UE and central control node

	
	D2D link maintenance
	Between UEs, or
Between UE and central control node.
	N/A

	Distributed mode
	Resource management
	In-coverage: N/A (reuse D2N);
Out-of-coverage: N/A
	In-coverage: N/A (reuse D2N);

Out-of-coverage: N/A

	
	D2D link maintenance
	Between UEs
	N/A


Proposal 3: For control plane function in D2D interface, it is proposed to discuss it separately for centralized and distributed mode: 

·   Centralized mode: For unicast, there are two pairs of peer entities: one exists between UE and the central control node and the other exist between UEs; and for broadcast, there is only one pair of peer entity existing between UE and the central control node.
·   Distributed mode:  There is only one pair of peer entities existing between UEs.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: The protocol stack in D2D interface should be compatible with the legacy stack as much as possible.
Proposal 2: For user plane protocol stack in D2D interface, it is proposed to reuse the protocol stack in D2N interface for unicast, and reuse eMBMS protocol stack in D2N interface for broadcast. 

Proposal 3: For control plane function in D2D interface, it is proposed to discuss it separately for centralized and distributed mode: 

·   Centralized mode: For unicast, there are two pairs of peer entities: one exists between UE and the central control node and the other exist between UEs; and for broadcast, there is only one pair of peer entity existing between UE and the central control node.
·   Distributed mode:  There is only one pair of peer entities existing between UEs.
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