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1   Introduction
A new WI named “LTE Device to Device Proximity Services” has been agreed at RAN#63 meeting [1]. As stated in [1], the work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843 [2]. According to the TR 36.843, it is agreed that the MAC header comprises L2 target ID and source ID for the receiver to filter out the packets and to identify the receiver RLC UM entity respectively. However, there are still open issues need to be solved. One of them is how to represent the L2 source and target ID in the MAC header. 
In this contribution, we will investigate the characteristics of the L2 source and target ID. Then the approaches for carrying the L2 source and target ID within a D2D MAC PDU are presented. Finally, the possible D2D MAC PDU format is proposed and the multiplexing level issue are discussed. 
2   Discussion
Characteristics of the L2 source and target ID
The L2 source ID is used to differentiate the transmitting UE whereas the L2 target ID is used to indicate the D2D communication target. Since the D2D communication target may be a specific UE, a group of UE or all the UEs, the L2 target ID may be a unicast, groupcast or broadcast address respectively. It has not yet been decided about how to obtain the L2 source and target ID for a given UE. The possible mechanisms for the L2 ID acquisition are presented as follow and RAN2 is recommended to consider these mechanisms.
· Pre-provisioned L2 source and target ID: the L2 source and target ID may be obtained from the application layer or ProSe server during the D2D UE registration or D2D group configuration. For the broadcast communication, the L2 target ID may be set to a default value.
· UE generated L2 source and target ID: the D2D UE may utilize pre-defined rules to derive the L2 source and target ID from the application layer ID, ProSe ID or IP multicast address. 
· C-RNTI reutilization for L2 source ID: for the in coverage scenario, the serving eNB should assign the C-RNTI to UE. The transmitting UE may leverage the C-RNTI as the L2 source ID for D2D communication. 
Proposal 1: RAN2 is recommended to consider the three L2 ID acquisition mechanisms: pre-provisioned L2 source and target ID, UE generated L2 source and target ID, and the C-RNTI reutilization for L2 source ID. 
As we know, if a UE receives a MAC PDU with L2 target ID for broadcast, the UE would process all the received RLC PDUs and aim to re-assemble and deliver IP packets to upper layers. However, if a UE receives a MAC PDU with L2 target ID for unicast or groupcast, the UE may discarding a received RLC UM PDU before delivering it to the RLC receiver entity if it is not the specific target UE or not a member of the target D2D communication group.  In order to avoid the unnecessary MAC header processing, the L2 target ID should be detected by the receiving UE as early as possible. As a consequence, the unicast / groupcast / broadcast indication as well as the corresponding L2 target ID may be placed at the beginning of the MAC PDU before any other MAC PDU sub-header.
Proposal 2: The unicast / groupcast / broadcast indication as well as the corresponding L2 target ID may be placed at the beginning of the MAC PDU before any other MAC PDU sub-header. 
Contrary to the L2 target ID, the L2 source ID is used by the receiving UE to identify the RLC UM entity. For the D2D receiving UE, it needs to maintain at least one RLC UM entity per transmitting peer UE. And the RLC UM receiver entity does not need to be configured prior to reception of the first RLC UM data unit [2]. So for the receiving UE, if it could not find the appropriate RLC UM entity determined by the L2 source ID, L2 target ID and potentially LCID, the receiving UE shall establish one for the subsequent RLC PDU (equivalent to the MAC SDU) reception and processing. As we can see, the receiving UE needs to know the L2 source ID before the MAC SDU sub-header is processed, then it could check whether the corresponding RLC UM entity exists or not. If exists, it delivers the RLC PDU to this RLC UM entity, otherwise, it establishes one. So it is sufficient for placing the L2 source ID before the MAC sub-headers for MAC SDU. 
Proposal 3: It is sufficient for placing the L2 source ID before the MAC sub-headers for MAC SDU.
MAC PDU format for D2D communication
According to the TS36.321 [3], a MAC PDU for cellular communication is a bit string that is byte aligned in length. It consists of MAC header, MAC CE, MAC SDU and optionally padding. A MAC PDU header consists of one or more MAC PDU sub-headers and each sub-header corresponds to either a MAC SDU, a MAC CE or padding. The MAC PDU sub-header consists of six header field R/R/E/ LCID/F/L. But for the sub-header of the fixed sized MAC CE and the last sub-header in MAC PDU, they only consist of four header fields R/R/E/ LCID. As to the LCID contained in the MAC sub-header, it identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding. Figure 1 presents the LCID values for the DL and UL cellular communication. 
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Figure 1. Values of LCID for DL and UL cellular communication
Based on the aforementioned MAC PDU design principle, we may design the MAC sub-headers and MAC CE for D2D communication. For example, the L2 source and target ID field may be carried within MAC CE and indicated by MAC sub-header. As shown in Figure 2, dedicated LCID values within the MAC sub-header are designed to identify the MAC CE type for D2D UE identity, D2D broadcast, D2D groupcast/unicast. Here the MAC sub-header for D2D UE identity indicates the corresponding MAC CE that consists of L2 source ID. The MAC sub-headers for D2D broadcast and D2D groupcast/unicast indicates the corresponding MAC CE that consists of L2 target ID. As an optimization, the MAC CE corresponding to the D2D broadcast sub-header can consist of zero bit since the D2D broadcast sub-header is sufficient to indicate the receiving UE for the subsequent RLC PDU reception. However, for the UE identity and D2D groupcast/unicast, fixed sized MAC CEs contain the L2 source and target ID field should be designed to differentiate different D2D communication source and targets. Though it is not clear about the exact size of L2 source and target ID, it should be byte aligned and is recommended have the same size as the C-RNTI field, for example, 16 bits.
	Index
	LCID values

	00000
	Reserved

	00001-01010
	Identity of the logical channel

	01011-11011
	Reserved

	11100
	D2D UE Identity

	11101
	D2D broadcast 

	11110
	D2D groupcast/unicast

	11111
	Padding


Figure 2. Values of LCID for D2D communication
Proposal 4: The L2 source and target ID information may be carried through MAC CEs and indicated by corresponding MAC sub-headers for D2D MAC PDU. 
Proposal 5: As an optimization, the size of D2D broadcast MAC CE may be zero whereas the size of D2D UE identity and D2D groupcast/unicast MAC CE may be fixed to two bytes. 
In addition to the MAC CE for L2 source and target ID, the padding and the logical channel instance of the corresponding MAC SDU should also be considered for D2D MAC PDU. As agreed in [2], MAC sub-header contains LCIDs to differentiate multiple logical channels. Also it is clarified that multiplexing/demultiplexing, priority handling and padding are useful for D2D. In order to support these D2D functionalities, the MAC sub-header for padding and the MAC SDU of different logical channels should be considered. A simple way for this is to directly leverage the design for cellular communication as shown in Figure 2. 
Proposal 6: The legacy MAC sub-header for padding and MAC SDU from different logical channels should be re-utilized for D2D MAC PDU.
It should be noted that there are many other MAC CEs for the cellular communication, for example, the power headroom report, BSR, activation/deactivation, UE contention resolution identity, time advance command, and DRX command. These MAC CEs are designed for the power/buffer report as well as the eNB fast control. Since the D2D communication is targeted to apply only to public safety use where only the broadcast and groupcast between UEs are considered, these MAC CEs may be no longer applicable for the D2D MAC PDU unless new requirements appears. 
According to the above analysis, the possible MAC PDU format for D2D communication is proposed in Figure 3. Figure 3(a) and Figure 3(b) are the D2D MAC PDU for groupcast/unicast and broadcast respectively. As we can see, both of them consist of the fixed sized D2D UE identity MAC CE, two MAC SDUs for logical channel 1 and logical 2, and the padding. The D2D UE identity MAC CE consists of the L2 source ID field. The D2D MAC PDU for groupcast/unicast communication as shown in Figure 3(a) consists of the fixed sized D2D groupcast/unicast MAC CE and the corresponding MAC sub-header. The D2D groupcast/unicast MAC CE contains the L2 target ID field. On the contrary, the D2D MAC PDU for broadcast communication as shown in Figure 3(b) consists of the MAC sub-header for D2D broadcast MAC CE. Since the size of D2D broadcast MAC CE is zero, it does not appear in the MAC payload region.
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Figure 3. MAC PDU format for D2D communication
Proposal 7: RAN2 is recommended to consider the proposed MAC PDU format for D2D communication.
As a matter of fact, the MAC PDU format proposed in Figure 3 is designed for the D2D communication with only one D2D communication destination. However, it may happen that the officer carrying public safety UE belongs to multiple D2D communication. Suppose the officer plans to transmit both the voice and data packet from these two groups, whether the multiplexing/de-multiplexing of MAC SDUs for different D2D communication destination into one D2D MAC PDU is permitted or not should be clarified. If the multiplexing/de-multiplexing of MAC SDUs for different D2D communication destination is permitted, multiple D2D groupcast/unicast MAC CEs and D2D broadcast MAC CE appear simultaneously within one MAC PDU. In that case, it may be beneficial to place the D2D UE identity MAC sub-header at the beginning of the MAC PDU.
Proposal 8: It should be clarified whether the multiplexing/de-multiplexing of MAC SDUs for different D2D communication destination into one D2D MAC PDU is permitted or not.
3   Conclusion
In this contribution, we investigated the characteristics of the L2 source and target ID. Then the approaches for carrying the L2 source and target ID within a D2D MAC PDU were presented. Finally, the possible D2D MAC PDU format was proposed and the multiplexing level issue were discussed. Several proposals have been suggested on how to continue the study:
Proposal 1: RAN2 is recommended to consider the three L2 ID acquisition mechanisms: pre-provisioned L2 source and target ID, UE generated L2 source and target ID, and the C-RNTI reutilization for L2 source ID. 
Proposal 2: The unicast / groupcast / broadcast indication as well as the corresponding L2 target ID should be placed at the beginning of the MAC PDU before any other MAC PDU sub-header. 
Proposal 3: It is sufficient for placing the L2 source ID before the MAC sub-headers for MAC SDU.
Proposal 4: The L2 source and target ID information may be carried through MAC CEs and indicated by corresponding MAC sub-headers for D2D MAC PDU. 
Proposal 5: As an optimization, the size of D2D broadcast MAC CE may be zero whereas the size of D2D UE identity and D2D groupcast/unicast MAC CE may be fixed to two bytes. 
Proposal 6: The legacy MAC sub-header for padding and MAC SDU from different logical channels should be re-utilized for D2D MAC PDU.
Proposal 7: RAN2 is recommended to consider the proposed MAC PDU format for D2D communication.
Proposal 8: It should be clarified whether the multiplexing/de-multiplexing of MAC SDUs for different D2D communication destination into one D2D MAC PDU is permitted or not.
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