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1
Introduction
As per the WID of D2D, RAN2 will take the responsibility of specifying D2D in AS layers.
	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 this contribution, we will discuss the design of the MAC header and the MAC control elements.
2
Design of the D2D BSR
According to the previous agreements, multiple logical channels will be used to differentiate different types of traffic. Another aspect which needs to be considered is that one UE could belong to multiple communication group at the same time. Therefore, the D2D BSR needs to indicate to the eNB information including how much data is waiting for transmission for a logical channel or logical channel group, and for which communication group.

Observation 1: D2D BSR needs to indicate to the eNB how much data pending for transmission for a logical channel or logical channel group, and for which communication group.

The existing cellular BSR reports the buffer status at the granularity of  logical channel group rather than logical channel, which reduces the overhead of BSR. The D2D BSR could reuse the structure of the cellular BSR, and further include the group information.

Proposal 1: The D2D BSR reuses the structure of the cellular BSR and reports buffer status at the granularity of logical channel group.
One issue that needs to be decided is whether to report the buffer status of logical channels of different groups in the same BSR MAC CE, or to report a separate D2D BSR for each group. The benefit of reporting one BSR for multiple groups is that the overhead or some MAC subheaders can be saved. However, the problem is that the BSR could have variable size depending on the number of groups the UE belongs to. This means the MAC subheader with six header fields R/R/E/LCID/F/L (at least 2 bytes) should be used for the D2D BSR. If one D2D BSR only reports one group, then the size of the BSR is constant, so the MAC subheader with four header fields R/R/E/LCID (1 byte) can be used.
Table.1 options for D2D BSR

	Options of D2D BSR
	Benefits
	Drawbacks

	One BSR MAC CE reporting multiple groups
	Only needs one MAC subheader for all the groups.
	The MAC header with six header fields R/R/E/LCID/F/L (2 bytes) is needed.

	One BSR MAC CE reporting one group
	the MAC subheader with four header fields R/R/E/LCID (1 byte) can be used.
	Needs multiple MAC subheaders. One for each group.


Proposal 2: RAN2 should decide whether one D2D BSR can report the buffer status of multiple groups.

Another issue is whether the full ProSe group identifier needs to be included in the D2D BSR. The full ProSe group identifier could be up to 48 bits, which is quite long. Actually, the group identifier is needed only for indicating the corresponding group of the buffer status report. An alternative method is that only an index for the group is included in the D2D BSR. This index can be much shorter than the full Target Group ID (e.g.1 byte). The mapping between a ProSe Goup Index and Target Group ID can be defined during D2D bearer configuration  [1].
Fig.1 gives an example of the long D2D BSR format. This format can be used in the case that there is data pending for transmission for more than one logical channel group of one or multiple communication groups. 
Fig.2 gives an example of the short or truncated D2D BSR format. This format can be used in case that only one logical channel group of one communication group has data pending for transmission, or the uplink resource is not sufficient to report a long D2D BSR.
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Fig.1  Examples of long D2D BSRs
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Fig.2 An example of short or truncated D2D BSR

Proposal 3: An index of the ProSe group but not the full ProSe group identifier should be included in the D2D BSR. The size of the index can be 8 bits.
3
Design of D2D MAC PDU
RAN2 agreed that the identifiers of the source UE and the target group should be included in MAC PDUs, in order for the receivers to properly identify logical channels, and to filter out the packets of other target groups. 
One issue is whether one MAC PDU could be sent to multiple target groups. Equivalently, the question is whether one MAC PDU could contain SDUs of different target groups/UEs. 
The benefit of one MAC PDU including SDUs of different targets is that the D2D resource allocated in a grant can be shared by multiple target groups. Therefore, the resource could be used more efficiently. 
However, the drawback of one MAC PDU including SDUs of different targets is that multiple full target group/UE identifiers need to be added for the SDUs of different communication groups.  If multiple target identifiers are included it will add complexity and overhead to the structure of the MAC PDU. Furthermore, RAN1 will possibly decide to include field partially mapping to the target identifier into scheduling assignments (SA), and it is difficult to include fields corresponding to multiple target identifiers in one SA. Due to these drawbacks, we propose that one D2D MAC PDU should only have one target group.
Proposal 4: One D2D MAC PDU should only have one target group, and only one target group identifier should be included in one MAC PDU.

Another issue is how to place the source and target identifiers in a MAC PDU. Here there are 3 options:
2.1 
Option 1- source and target identifier as new MAC CEs 

With this option, a MAC sub-header with a new LCID is needed for both of the source identifier MAC CE and the target identifier MAC CE, as illustrated in Fig.2. Fig. 3 below illustrates the D2D MAC PDU format for a groupcast D2D communication using option 1.
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Fig.2 The source identifier and target identifier MAC control elements and corresponding sub-headers
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Fig.3 Example of grou-cast D2D MAC PDU for option 1
For broadcast communication, it is not necessary to include the target group identifier and the corresponding sub-header in the MAC PDU. This is shown in Fig.4. If the receiver cannot find a sub-header corresponding to the target identifier, the MAC PDU can be identified as a broadcast MAC PDU.
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Fig.4 Example of broadcast D2D MAC PDU for option 1
2.2 
Option 2- source and target identifiers as new MAC sub-headers 

New MAC sub-headers including a field for source identifier and another field for target identifier can be introduced. Different from MAC CEs, the MAC sub-headers of the source and target identifiers should be placed in a fixed position for ease of identification (e.g., at the beginning of the MAC PDU). This is illustrated in Fig.5. The new MAC sub-headers do not correspond to any MAC SDUs or MAC CEs.
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Fig.5 Example of MAC PDU for option 2
The source identifier sub-header could comprise only one field indicating the source UE as shown in Fig.6.
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Fig.6 Example of source identifier sub-header
For the target identifier sub-header, broadcast and groupcast are different. For broadcast, a target Group ID is not needed. Therefore, a 1-bit flag can be used in the sub-header to indicate whether the MAC PDU is for broadcast or group-cast as shown in Fig.7. 
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Fig.7 Example of target identifier sub-header for broadcast and group-cast
2.3 
Option 3- source identifier as a new MAC sub-header and target identifier as a new MAC CE
Option 3 is a hybrid of options 1 and 2. The source identifier will be included in the D2D MAC PDU at the beginning of the MAC header as a MAC sub-header (as in option 1), but the target identifier is included as a new MAC control element (as in option 2). The D2D MAC PDU format for groupcast using option 3 is illustrated in Fig.8, Here the source ID sub-header is same as in Fig.6, and the target group identifier MAC CE and its corresponding sub-header are similar to those on the right of Fig.2. 

For broadcast communication, similar to option 1, it is not necessary to include the target group identifier and the corresponding sub-header in the MAC PDU. If the receiver cannot find the sub-header corresponding to the target identifier, the MAC PDU can be identified as a broadcast MAC PDU.
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Fig.8 Example for group-cast D2D MAC PDU for option 3
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Fig.7 Example for broadcast D2D MAC PDU for option 3
2.4 
Summary of the 3 options

Table.2 Comparison of overhead of source and target IDs 
	
	Option 1
	Option 2
	Option 3

	Overhead of source and target IDs in groupcast D2D MAC PDU
	Source ID MAC CE: 6 bytes

Sub-header for source: 1 byte
Target ID MAC CE: 6 bytes

Sub-header for target : 1 byte

Total : 14 bytes 
	Source ID sub-header: 6 bytes

Target ID sub-header: 7 bytes

Total : 13 bytes
	Source ID sub-header: 6 bytes

Target ID MAC CE: 6 bytes

Sub-header for target : 1 byte

Total : 13 bytes

	Overhead of source and target IDs in broadcast D2D MAC PDU
	Source ID MAC CE: 6 bytes

Sub-header for source: 1 byte

Target ID MAC CE: 0 bytes

Sub-header for target : 0 byte

Total : 7 bytes
	Source ID sub-header: 6 bytes

Target ID sub-header: 1 bytes

Total : 7 bytes
	Source ID sub-header: 6 bytes

Target ID MAC CE: 0 bytes

Sub-header for target : 0 byte

Total : 6 bytes


In Table 2 we compare the overhead for the source and target IDs among these 3 options. We can see that, compared to option 1 and option 2, option 3 consumes the least overhead. Therefore, we propose to use option 3 as the format of D2D MAC PDU.

Proposal 5: The source ID is included at the beginning of the D2D MAC PDU as a MAC sub-header, and the target ID is included in the D2D MAC PDU as a new MAC CE. For broadcast D2D MAC PDUs, the target ID and its corresponding sub-header are omitted.

Proposal 6: After RAN2 decides how to include the source and target IDs in the MAC PDU, the corresponding format of D2D MAC PDU given in this paper is requested to be agreed by RAN2.
2.4 
Unicast D2D communication

In the D2D SI phase, unicast public safety communication was not within the scope. In RAN2, we made an agreement that the UE identifier could be used as the target identifier. However, in SA2 and RAN1, unicast communication has not been discussed. Even if RAN2 agreed to incorporate the UE identifier as the target identifier in the MAC PDU, unicast will not be supported due to the mismatch with other groups (SA2 and RAN1). 
Proposal 7: To align with SA2 and RAN1, it is better for RAN2 not to discuss how to support unicast D2D MAC PDU in Rel-12.  
5
Conclusion

In this contribution, we discussed how to design the D2D BSR and D2D MAC PDU formats.
For the D2D BSR, we have proposal 1-3.

Proposal 1: The D2D BSR reuses the structure of the cellular BSR and reports buffer status at the granularity of logical channel group.
Proposal 2: RAN2 should decide whether one D2D BSR can report the buffer status of multiple groups.

Proposal 3: The index of the ProSe group but not the full ProSe group identifier should be included in the D2D BSR. The size of the index can be 8 bits.
For the design of D2D MAC PDU, we have proposal 4-7.

Proposal 4: One D2D MAC PDU should only have one target group, and only one target group identifier should be included in one MAC PDU.

Proposal 5: The source ID is included at the beginning of the D2D MAC PDU as a MAC sub-header, and the target ID is included in the D2D MAC PDU as a new MAC CE. For broadcast D2D MAC PDUs, the target ID and its corresponding sub-header are omitted.

Proposal 6: After RAN2 decides how to include the source and target IDs in the MAC PDU, the corresponding format of D2D MAC PDU given in this paper is requested to be agreed by RAN2.

Proposal 7: To align with SA2 and RAN1, it is better for RAN2 not to discuss how to support unicast D2D MAC PDU in Rel-12.  
6
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