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1   Introduction
At RAN2#83bis meeting, topics related to D2D communication were discussed and some agreements were reached in respect of protocol functionality. However, there are still many open issues that need to be solved, for example: the message/data flows for D2D communication, which information need to be carried and acquired from which layer, whether the group and identity management on L2/3 is needed or include any ID in MAC or L1, protocol stack configuration, etc. In this contribution, we will discuss the information that need to be carried for group identification and the protocol stack configuration for D2D communication. The example data flows for D2D communication are also presented in this contribution. 
2   D2D group communication procedure
Given the priority chosen by RAN plenary, RAN2 will focus on the 1:M group communication in and out of coverage. According to the discussion at RAN2#83 meeting, two mechanisms for D2D group communication are addressed: CSMA and coordinated access mechanism. In CSMA mechanism, the UEs work in ad hoc mode and perform the same role. The coordinated access requires the central control entity (CCE) to provide the synchronization and RRM functionality. The eNB could act as the CCE for the in coverage scenario whereas a normal UE may be selected to act as the CCE for the out of coverage scenario and serve the nearby UE within its coverage. Figure 1 shows three D2D group communication scenarios according to the coverage of CCE. UE1, UE2 and UE3 are configured to belong to the same D2D communication group and UE1 wants to initiate the D2D group communication. The without and within CCE coverage scenario are illustrated in Fig. 1(a) and Fig. 1(b) respectively. It also happens that part of the UEs is within the coverage of CCE as shown in Fig.1(c). 
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Figure 1. D2D 1:many communication scenarios.
Before discussing the data flows of the D2D group communication for the above scenarios, it is necessary to understand the key issues to enable the D2D group communication establishment. Generally speaking, the issues such as resource allocation, group management and identification, and the protocol stack configuration should be addressed in the data flow for the D2D group communication. [1] addresses the discussion on the resource allocation. In this contribution we will focus on the latter two issues. 
Group management and identification
The requirements for D2D group management may refer to the existing GCSE group handling. As described in TR 22.469 [2], the system shall provide mechanism for the dynamic creation, modification and deletion of communication group. A Group Member shall be able to add or remove group members of an established Group. Notification mechanism should be provided to keep the group member informed of the group change. As a matter of fact, there are many other requirements to realize a sound group management. As we can see, the group management implies a complicated signalling exchange for the D2D group formation and maintenance. It is recommended that RAN2 does not consider how to support D2D group management. More specifically, it is better to adopt an application layer D2D group management solution which is out of the scope of RAN2. 
Proposal1: RAN2 is recommended not to consider how to support D2D group management as it is better to adopt an application layer D2D group management solution which is out of the scope of RAN2.
Assuming that the group management is provided by the application layer, the D2D UE may be pre-configured to belong to one or more D2D communication groups. During the configuration, the D2D UE could be provisioned with the GID (group identifier), which could be utilized directly or indirectly in the subsequent D2D group communication transmission and reception. As we know, D2D group communication aims at transmitting to the group members in the group. For the non-member D2D UEs in proximity, it is unnecessary to receive/decode the group communication data packet. In this sense, the data packet for D2D group communication shall be able to indicate the corresponding D2D groups so as to the receiver side may differentiate whether this packet should be processed or discarded as early as possible. The solutions for the group identification of data packet may be categorized as follows:
· L3 layer identification: utilize the destination IP address of data packet to identify the D2D group. As agreed in the last meeting, D2D communication data (i.e. IP packets) should be handled as normal user-plane data. Suppose IP multicast is supported, the IP multicast address may be pre-provisioned to UE during the D2D group configuration. The destination IP address can be set to the IP multicast address to differentiate the data packet from other D2D groups. 
· L2 layer identification: include the L2 GID in MAC sub-header. The L2 GID may be obtained from the application layer pre-provisioned during the group configuration. Also this L2 GID may be generated by the D2D UE or CCE according to the application layer GID before the D2D communication initiates. The D2D UE may utilize pre-defined rules to derive the L2 GID from the application layer GID or IP multicast address and all the D2D UEs within the group should follow the same set of rules to keep aligned group identification. On the other hand, if the CCE generates the L2 GID, the D2D UE within the group should be notified about the mapping between application layer GID and L2 GID. 
· L1 layer identification: utilize the G-RNTI (Group-Radio Network Temporary Identifier) to scramble the L1 resource allocation control information and data packet as used in E-UTRAN network. The G-RNTI may be generated by the CCE according to the application layer GID and broadcast to the D2D UE within its coverage. The D2D UE may obtain the G-RNTI corresponding to the group it belongs to and use it to decode the resource allocation control information and data packet.
Among these solutions, the L3 layer identification leverages the existing IP multicast technology and requires no changes in RAN. However, the non-member UE has to finish the PHY/MAC/RLC/PDCP/IP layer processing before it knows that it should discard this packet. The unnecessary PHY/MAC/RLC/PDCP/IP layer processing consumes time and power for non-member D2D UEs and should then be avoided. The L1 layer identification is the most efficient one in that it could tell the D2D group at PHY layer of receiver UE. However, current D2D study of RAN1 focuses on broadcast D2D communication [3]; it is not yet clear whether RAN1 is to support the differentiation of the broadcast/multicast/unicast public safety communication at PHY layer in R12. The L2 layer identification requires the modification of the MAC protocol. For example, a new MAC sub-header may be designed to include the L2 GID. The mechanism for the L2 GID generation should also be considered. With the L2 layer identification, the D2D UE could identify the corresponding D2D group when the MAC layer parsing of the data packet begins. Considering the efficiency for the non-member D2D UE reception, the standardization efforts for RAN2 is worthwhile and RAN2 is recommended to consider the design of a new MAC sub-header and L2 GID generation.
Proposal2: It is recommended to consider the design of new MAC sub-header and L2 GID generation for the purpose of group identification. 
Protocol stack configuration
The protocol stack configuration is used to configure the PHY/MAC/RLC/PDCP layer over D2D group communication. During the last RAN2#83bis meeting, some aspects regarding the user plane protocol have been agreed, such as the header compression/decompression applicable for the PDCP layer, UM mode for RLC layer and no HARQ feedback for MAC layer. However, further aspects need to be clarified for the establishment of D2D group communication. For example, the PDCP SN size, RLC SN field length, logical channel and other physical layer parameters should be configured. 
For the scenario with CCE, it is apparent that the protocol stack for group communication could be configured by the CCE. However, if the CCE is not available (without CCE or partial CCE coverage scenarios), a simple approach for this problem is to utilize default configurations or pre-provisioned when the UEs were previously in CCE coverage. 
Proposal3: Both the default and dynamic protocol stack configuration should be supported for different scenarios. 
Data flow for D2D group communication
The example data flows for D2D group communication including the aforementioned steps are presented in this subsection.
Figure 2 shows the D2D group communication data flow for the Fig. 1(a) scenario. UE1, UE2 and UE3 belong to the same group. They are pre-provisioned the APP-specific GID, radio resource and default protocol stack configuration information for the D2D group communication. The system has pre-defined the rules for mapping the APP-specific GID to L2 GID. Suppose UE1, UE2 and UE3 plan to transmit and/or receive the D2D group communication packet, they firstly map the APP-specific GID to L2 GID. For the transmitter UE1, it senses the pre-provisioned radio resource and tries to access the resource in a contention based way. Once the UE1 access the resource, it sends the data packet with MAC header including the L2 GID field. UE2 and UE3 may listen to the pre-provisioned radio resource. Once data transmission is detected, they decode the packet and parse the MAC sub-header. If the L2 GID is detected, UE2 and UE3 check the corresponding APP-specific GID and judge whether it is a member of this group. If yes, the UE2 and UE3 continue the subsequent MAC/RLC/PDCP processing, otherwise, UE2 and UE3 shall discard this data packet. 
The pre-defined ID mapping rules may lead to collision, that is, different APP-specific GID may be mapped to the same L2 GID. In this case, UE may further use the L3 layer solution (IP multicast address) for D2D group communication. This requires the combined utilization of L2 and L3 layer group identification mechanism.
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Figure 2. Group communication data flow for the without CCE scenario.
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Figure 3. Group communication data flow for the within CCE coverage scenario.
Figure 3 shows the D2D group communication data flow for the Fig. 1(b) scenario. Similarly to the scenario without CCE, UE1, UE2 and UE3 are pre-provisioned the APP-specific GID. When UE1 wants to initiate the D2D group communication, it sends the group communication request message to CCE carrying the APP-specific GID. Also the message may include QoS of the requested service flows and other parameters. Upon receiving this request, the CCE performs the admission control, assigns the radio resource and generates the L2 GID. Then CCE sends the group communication ack message to UE1 which may contain the assigned radio resource and L2 GID, accepted service flow and protocol stack configuration. In order to keep other D2D group member UEs within the CCE coverage informed of the assigned L2 GID, the CCE needs to periodically broadcast the mapping between APP-specific GID and L2 GID. Optionally, the CCE may broadcast the protocol stack configuration and potential resources for incoming D2D group communication so that the other D2D group member UEs only need to listen to the specific resources. Once the L2 GID, radio resource and the protocol stack configuration are ready, the UE1 may broadcast the D2D group communication data packet on the assigned resource with MAC header including the L2 GID field. UE2 and UE3 listen to the radio resource and detect the group data transmission. For the detected data packet, UE2 and UE3 parse the MAC sub-header. If the L2 GID is detected, UE2 and UE3 check the corresponding APP-specific GID and judge whether it is a member of this group. If yes, the UE2 and UE3 continue the subsequent MAC/RLC/PDCP processing, otherwise, UE2 and UE3 shall discard this data packet. 
For the partial CCE coverage scenario as shown in Fig. 1(c), it can be divided into two cases: 1) out of coverage UE3 transmitting, and 2) in coverage UE1 transmitting. For the first case, since the UE3 is out of coverage and could not receive the coordination from the CCE, it may reuse a CSMA based data flow similar to Figure 2 with pre-provisioned APP-specific GID, radio resource and default protocol stack configuration information. When it comes to the second case, the in coverage UE1 could be controlled by the CCE for D2D communication with a similar data flow for the scenario within CCE coverage except that the UE1 needs to periodically broadcast the radio resource and GID mapping information to be used by the out of coverage UE3, as shown in the step 5 of Fig, 4. In this way, the out of coverage UE3 could use this information to know which resource is allowed for D2D communication and for which D2D group. Hence, the UE3 may initiate the group communication data packet reception when necessary. However, it needs to be investigated which and when the cell edge UE should broadcast the group communication notification. Also the periodicity of such broadcast information should be further studied.
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Figure 4. Group communication data flow for the within CCE coverage scenario.
Proposal4: RAN2 is recommended to consider the data flows for within, without CCE and partial CCE coverage scenario with the aforementioned data flows as a baseline. 
3   Conclusion
In this contribution, we discussed the information that need to be carried for group identification and protocol stack configuration for the D2D communication. The example data flows for D2D communication were also presented in this contribution. Several proposals have been suggested on how to continue the study:
Proposal1: RAN2 is recommended not to consider how to support D2D group management as it is better to adopt an application layer D2D group management solution which is out of the scope of RAN2.
Proposal2: It is recommended to consider the design of new MAC sub-header and L2 GID generation for the purpose of group identification. 
Proposal3: Both the default and dynamic protocol stack configuration should be supported for different scenarios. 
Proposal4: RAN2 is recommended to consider the data flows for within, without CCE and partial CCE coverage scenario with the aforementioned data flows as a baseline. 
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