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1
Introduction
According to the study item in [1] and the draft agenda at the RAN1#74 meeting [2], a study item about device-to-device studies for group communication:

· Focus on broadcast D2D communication for the public safety use case, on the understanding that that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication.
  In this documents, we will focus on the features that should be supported in the groupcast D2D communication. To begin with, it is beneficial for RAN1 to reference to the broadcast/multicast service (MBMS) which has been standardized in LTE. The multi-cell MBMS is transmitted on the MCH in a single-frequency-network (SFN) and the single-cell MBMS is operated on the DL-SCH at each single cell. In this contribution, we propose to reserve or modify some of the features in MBMS service to be adopted for the D2D case. Along with the requirements of groupcast in public safety, some essential features for group communications are proposed.
2
Discussion on D2D Group Communications
  In the existing LTE specification, MBMS services provide multicast/broadcast communications over a large area. However, it is provided under a large number of cells by joint multi-cell transmission, i.e., single frequency network (SFN). For the case of D2D communication in public safety, only one transmitter is active in each group and the communication range is limited to a local area. Single-cell based solution is therefore more practical and efficient than the multi-cell based scheme. In addition, the existing MBMS scheme does not incorporate feedback feature, which is most likely due to feedback overhead under multi-cell cooperation. For the case of single-cell based group communication in D2D, although the coverage range is reduced, the feedback number is still large compared to the unicast case. A solution to limit the feedback number for link adaptation and HARQ retransmission is necessary.
  The group member situation awareness in a groupcast group is of particular interest for public safety, this feature let the group sender become situation aware, where the sender awares of the receiving status of receivers in a dynamic channel environment. To speed up the study process of public safety in R12, counting mechanism proposed in MBMS, which is originally used for determining the number of users interested in specific MBMS service, can be reused and modified to fulfil dynamic group member situation awareness in the public safety application. Because the group membership of public safety is semi-statically configured, this counting procedure can be used for pre-setup of group communication or membership awareness during the group communication. . 
Essential features for D2D group communication are proposed in the following sections. 
2.1
D2D Group Communication
2.1.1 Unified Solution for Groupcast and Unicast 
  Public safety group communication includes one-to-many and one-to-one (private call) communications. In order to simplify the operation procedure and prevent switch overhead and design complexity between unicast mode (one-to-one) and groupcast mode (one-to-many), an unified solution should be considered. Concept of counting mechanism in MBMS can be utilized here to know the actual number of user interested in current D2D groupcast service. The unicast communication therefore can be viewed as a special case of groupcast communication where only two users belong to a group. 
2.1.2 Groupcast RNTIs 

  Based on the assumption of an unified solution, some features supported in the unicast should be generalized for the groupcast case. Other than the unicast RNTIs, a group of RNTIs, each corresponds to a specific group should be defined to indicate resource assignments for each groupcast. The scheduling information for groupcast can be located in L1/L2 control channel.
Proposal 1: 
A unified solution for both unicast (one-to-one) and groupcat (one-to-many) should be considered for D2D groupcast communications.
2.2
Counting Mechanism for D2D Groupcast

  Compared with the counting procedure utilized in MBMS, where only the number of interested UEs in certain MBMS service is required. This value helps to determine if the MBMS service is provided at certain cell in view of resource conservation. There are two reasons to adopt counting mechanism in D2D group communication. First, the D2D transmitter can use this information to adapt the resource usage for reliable communication. In case of multiple groupcasts from the same transmitter, at the given moment, each group may contains one, more than one or even no active receivers. This counting information facilitates the usage of spectrum and power, as well as to prevent inter-group interference. Another benefit of this information is to identify reachable users within a group, which is of particular interest for public safety application to ensure the receivability of critical messages at certain group member. If a group member is unreachable, the sender could startup a procedure to establish an alternative communication path that could be setup through relay.            
2.2.1 Groupcast ID Notification 
  Before the counting response generated from the interested group members, an announcement of current available groupcast service relevant IDs should be delivered to each group member. It could be notified via a broadcast channel or a groupcast specified control channel. In the multiple groupcasts case, an UE may belongs to multiple groups. 
2.2.2 Counting Response State 
  Although it is still unknown if the RRC_idle state group members can receive the groupcast service. In order to detect group members in idle state, the idle state counting can be performed either at the RRC_idle state or based on the higher layer signaling in the connected state or during the random access procedure. In the first case, which is a contention based counting, only L1 signaling is involved, the group member can randomly select the preamble sequence which is reserved for groupcast counting. Preamble sequences can be further separated into different sets, where each set is representative of a dedicated group ID. Based on the above scheme, a power efficient counting response of multiple groupcasts is possible.     
Proposal 2:  
Group member situation awareness is a critical function in group communication.

Proposal3:

It is preferable to reuse the counting procedure of MBMS as a basis for group member situation awareness. 
2.3
Feedback Mechanism for Groupcast
  Two kinds of feedback can be performed in D2D groupcast, including HARQ feedback and MCS adaptation feedback. In the HARQ feedback, group members send NACK when they have received groupcast data in error after CRC check. On receiving the NACK, the group sender re-transmission data for not yet successfully decoded members. In the MCS adaptation feedback, group members provide channel quality feedback to the transmitter to allow the transmitter to select the best MCS. For the case of single-cell based group communication in D2D, the feedback number is large compared to the unicast case. A solution to limit the feedback number for link adaptation and HARQ retransmission is necessary.
2.3.1 Feedback Overhead Reduction

  Unlike the unicast feedback, groupcast feedback involve a number of feedbacks per transmission, the feedback overhead incurred in the reversed link is therefore enormously increased. To make the groupcast feedback feasible, number of members transmitting feedbacks should be limited, for example, 
· Only NACK based feedback is performed
· Selective feedback according to the member with worser CQI. 
This implies that detailed feedback information may not be necessary, which can reduce the bit length of feedback channels. Currently, group communication supports various applications with different quality of service, the feedback opportunity may therefore be adjusted according to different service types, i.e., delay sensitive service or not. Another scheme to avoid transmission latency is to specify the maximum number of re-transmissions. Unlike re-transmissions, MCS adaptation feedback, to some extent, has less impact to the traffic delay. Moreover, the occurrence frequency of NACK feedbacks can also be used for MCS adaptation.  
2.3.2 Feedback Channel Allocation
  The location of the feedback channel can be indicated through control signalling. Two types of feedback channel can be considered

· Group member dedicated feedback channel

· Group ID specific common feedback channel

Assign dedicated feedback channels to each group member avoids feedback interference while at the cost of resource usage. In this scheme, group senders exactly know the channel status of each group member, therefore the MCS setting and re-transmission can be confined to the specific users, the scheduling of the re-transmitted data can be indicated based on the specified group RNTI . For groupcasting, re-transmission occurs as long as one NACK being received. In this case, it may not be necessary to know who or how many users requesting re-transmission, therefore, a shared feedback channel shall be enough. To further identify feedback groups and also keep minimum feedback resource, group ID specific sequences could be designed for transmitting in the common feedback channel. This scheme saves large amounts of resource, however, for this many-to-one feedback transmission operated at the same resource, synchronization for simultaneous reception at the group sender is an important issue. 
Proposal 4:  
Link adaptation and HARQ retransmission should be incorporated in D2D group communication.
3   Conclusions
  In this contribution, we propose to reserve or modify some of the features in MBMS service to be adopted for the D2D case. Along with the requirements on groupcast in public safety, some essential features for group communications are proposed. Some possible directions to overcome potential difficulties are provided.
Proposal 1: 
A unified solution for both unicast and groupcast should be considered for D2D group communication.
Proposal 2:  

Group member situation awareness is a critical function in group communication.

Proposal3:

It is preferable to reuse the counting procedure of MBMS as a basis for group member situation awareness. 
Proposal4: 
Link adaptation and HARQ retransmission should be incorporated in D2D group communication.
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