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1 Introduction

At RAN #60 the RAN plenary provided the following direction to the RAN WGs regarding D2D Communication [1]:

· 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

RAN #61 further clarified and ranked the Public Safety use case priorities for Rel. 12 [2]. It was agreed that Direct 1: many E‑UTRA Communication, both in and out of network coverage, and UE to network Relay, are the highest priority items for the completion of public safety use cases for ProSe work in Release 12. 

Reference [3] summarized the decisions of RAN #61 on system level features. In particular, for Direct 1: many and Direct 1:1 communication, the following note defines the scope Rel. 12 SI:

RAN is studying a single mechanism that would support broadcast-, group- and 1:1 communication, implemented by a broadcast mechanism at the physical layer.

Taking these points together, it is clear that the RAN WGs are being tasked to define a framework that can support Direct 1: many communications for Public Safety over LTE. 

Reference [4] discussed various proximity communication scenarios and the RAN2 challenges for proximity communications for supporting D2D communication in each scenario. In this contribution, we further investigate the implications of 1: many direct communications from a RAN 2 perspective.
2 Service requirements of D2D group communication for public safety
Reference [5] provides invaluable insight into the typical application scenarios for D2D group communication in public safety. We summarize the key points as follows:

· First responders addressing a public safety incident typically work in small teams or task groups (e.g. firemen, police, etc.) 

· One or more task groups report to an Incident Commander that assigns them their tasks, including which channel (radio resources) to use for direct communication.

· Direct group communication is critical to maintaining communication among the members of each task group. 

· Some task group members may go out of coverage (into a basement for example), while most of the members of the task group would typically continue to operate within network coverage. Thus D2D group communication is needed among in-coverage UEs, out-of-coverage UEs and a mixture of UEs in and out of coverage.
· Maintaining concurrent D2D Group Communication and LTE connectivity to EPC is required regardless of whether UEs are in coverage or out-of-coverage. The LTE connectivity to EPC for out-of-coverage UEs are provided via UE-to-Network Relays. 

· The response to typical incident may involve a small number (6-8 D2D Group Communication groups) at an incident scene, with each group comprising be more than 12-16 users.

· In some scenarios, such as a search and rescue mission, the group size could be expanded to 50-70 users, over an area as large as 1.5 mile radius. In other scenarios two members of a given group may need to engage in an authorized “private call”.
· The radio resources for D2D Group Communication are allocated semi-statically. The delay of initial configuration and reconfiguration could be in the time scale of seconds.

· A diverse set of applications need to be supported for D2D group communication. These applications include: voice, location, low speed data (SMS, report/query, sensor, etc.) and pictures (and possibly video). Voice as the most critical means of communications for public safety.
Proposal 1: RAN2 must address the requirements of this section for D2D group communication.
Observation 1: A public safety UE must at a minimum be able to concurrently maintain connectivity to the LTE network (EPC) and at least one D2D communication group. It is FFS if a public safety UE must be able to support concurrent connectivity to multiple D2D communication groups, in addition to LTE network.    
3 Management of D2D communication groups for public safety
Reference [6] studied the performance of D2D communication with broadcast. Results are presented for both best effort and voice traffic. The simulation results show that broadcast D2D communications limited only by the maximum link budget (RSRP threshold of -112 dBm) will suffer significant performance loss due to interference. It is suggested in [6] that tightening the RSRP threshold to -80 dBm (a maximum path loss of 103 dB @ 23 dBm UE transmit power), is sufficient to support both voice communications and full buffer data. By comparing the path loss limit of 103 dB to the agreed path loss models for the D2D simulation, we conclude that this corresponds to a distance of < 200 meters for all propagation models considered. Fortunately, such a range is more in line with the public safety service requirements of section 2.
Observation 2: The service requirements of section 2 indicate the need to support multiple D2D communication groups per incident, where each communication group needs limited communication range, and multiple communication groups per incident.

Proposal 2: Medium Access Control for public safety D2D Group communication should ensure that multiple communication groups can co-exist at one incident location, without interfering with each other.

Figure 1 illustrates a scenario with 3 different D2D communication groups. D2D communication group  (1) is completely within the network coverage, group (2) is completely outside of network coverage, and group (3) is partially within network coverage. Note that groups 2 and 3 each have a soft controller. The soft controller is responsible to manage the group, including connection control, resource allocation, managing security contexts and service continuity [4].

Note that in Figure 1, D2D communication group (1) does not have a soft group controller, as the eNB can act as the controller for the group. Alternatively, the eNB may delegate some or all of the group management functions to a soft controller, even for a D2D communication group such as group (1), which is completely within network coverage.
Proposal 3: A D2D communication group that operates completely or partially outside of network coverage has one UE that acts as a soft group controller.

Proposal 4: The eNB may act as the group controller for a D2D communication groups that is completely within network coverage, or the eNB may delegate some or all of the  group management functions to one of the group UEs acting as a soft group controller.

The soft controller also provides a convenient way to define the geographical extent of the communication group, in addition to broadcasting information that allows new users to join the group (e.g. group identity) [7].
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Figure 1. Multiple D2D Communication Groups
4 D2D communication groups resource management

A key function of the group controller is radio resource management. According to the service requirements of section 2, radio resources should be allocated to the group on a semi-persistent basis, and a delay of a few seconds is satisfactory for the initial allocation to the group. Typically, a public safety communication group is setup to address a particular incident (section 2), The incident commander defines the group and acquires appropriate radio resources from the network, before assigning specific missions to take members. Normally the incident commander would be within network coverage at this stage in the emergency response, and so air interface resources can be negotiated and reserved through signaling with the network. The exact process and message exchange for this process is FFS.

Proposal 5: The incident commander negotiates with the network and reserves radio resources for the public safety communication group at the initial stage of emergency incident response. The network allocates these resources to the communication group on a semi-persistent basis, and with a time limit.

Partitioning of the communication group’s resources between different group members can be managed by the group controller. Within each group radio resources can also be allocated on a semi-persistent basis [7]. In some rare scenarios (e.g. forest fire) the communication group may operate completely out of network coverage. In this case, the radio resources for D2D group communication may be predefine, selected by the incident commander for a list of possibly allocations, selected after scanning to find the least interfered band, etc.

Proposal 6: Partitioning of the communication group’s resources between different group members can be managed by the group controller. Within each group radio resources are also allocated on a semi-persistent basis
Proposal 7: In case a new D2D communication needs to be configured completely outside of network coverage, the radio resource selected may be pre-defined, selected from a list of options, or selected after scanning to find the best available channel.  
As discussed in section 3 an emergency incident is typically a very local event. Thus the required range for public safety group communication would normally be less than the coverage range of a macrocell. However, in some cases the incident may occur close to the cell edge. Hence, there may be a need to coordinate with adjacent cells, when reserving radio resource for a public safety communication group. For example, this coordination may utilize the X2 interface. The details of this resource coordination between adjacent cells is FFS.
Observation 3: Radio resource reservation for public safety D2D group communication may be coordinated between neighboring cells or eNBs.
5 Impact of D2D Group communication on L2 protocol stack
It is clear from the service requirements of section 2 that public safety D2D group communication will need to support various applications, such as voice, location information, short data messages, image and file transfer, and possibly video. Each of these diverse applications has different QoS requirements that must be supported. Some of these applications can be effectively supported using radio link control operating unacknowledged mode, while others (e.g. file transfer) require ARQ to work effectively.  Furthermore, as discussed in section [7], a UE (e.g. group controller) may transmit some broadcast messages. These may in tern require the support of the RLC transparent more.

 Proposal 8: A public safety UE engaged in D2D group communication must support acknowledged mode AM, un-acknowledged mode UM, and transparent mode TM in its D2D RLC protocol stack.  
 It is conceivable that the users of one D2D communication group will need to access to multiple applications or data streams simultaneously. For example, users A, B and C may be engaged in a voice call, while user A is downloading a map, and user C is sharing a video feed of her local environment. Since each of these applications has different QoS requirements, this implies that D2D Group communication must support multiple simultaneous logical channels. Furthermore, one UE may need to transmit on one logical channel (e.g upload some images), while simultaneously engaged in a mission critical voice call. The user may not be the current speaker on the voice call, and hence a different user may be transmitting the logical channel carrying the voice call. 
Proposal 9: A public safety UE engaged in D2D group communication must support multiple logical channels simultaneously. Each logical channel may have a different RLC mode, and a given user may transmit one logical channel, while receiving another.  
As D2D operation is half duplex, a given UE cannot transmit one logical channel, and receive a different logical channel in the same subframe. Therefore, a UE may only map logical channels that it is transmit to a transmitting subframe. For conversational flows such as voice, only one user may transmit (hold the floor) at a time. Therefore, RAN2 needs to define a mechanism to arbitrate the transmitter for each logical channel.

 Proposal 10: a UE may only map logical channels that it is transmitting to a transmit subframe. 

 Proposal 11: RAN2 needs to define a mechanism to arbitrate the control of the transmitter function for a given logical channel.
Multiple logical channels may be concatenated by the MAC into a single transport channel. It is FFS to decide if D2D group communication needs to support multiple transport channels for the D2D link. Furthermore, it is clear if which PDCP functionality needs to be supported for the D2D group communication link. For example, should RoHC be supported over group communication?
Proposal 12: RAN2 should study if there is a need to support multiple transport channels and which PDCP functions should be supported on a D2D group communication link.
6 Conclusion

In this paper we studied considerations for D2D communications impacting RAN 2. In particular, we focused on the implications of supporting D2D group communications for public safety.

We made the following observations from this study:  

Observation 1: A public safety UE must at a minimum be able to concurrently maintain connectivity to the LTE network (EPC) and at least one D2D communication group. It is FFS if a public safety UE must be able to support concurrent connectivity to multiple D2D communication groups, in addition to LTE network.    
Observation 2: The service requirements of for public safety D2D group communication indicate the need to support multiple D2D communication groups per incident, where each communication group needs limited communication range, and multiple communication groups per incident.

Observation 3: Radio resource reservation for public safety D2D group communication may be coordinated between neighboring cells or eNBs.
Our proposals are listed below:
Proposal 1: RAN2 must address the service requirements of D2D group communication.
Proposal 2: Medium Access Control for public safety D2D Group communication should ensure that multiple communication groups can co-exist at one incident location, without interfering with each other.

Proposal 3: A D2D communication group that operates completely or partially outside of network coverage has one UE that acts as a soft group controller.

Proposal 4: The eNB may act as the group controller for a D2D communication groups that is completely within network coverage, or the eNB may delegate some or all of the  group management functions to one of the group UEs acting as a soft group controller.

Proposal 5: The incident commander negotiates with the network and reserves radio resources for the public safety communication group at the initial stage of emergency incident response. The network allocates these resources to the communication group on a semi-persistent basis, and with a time limit.

Proposal 6: Partitioning of the communication group’s resources between different group members can be managed by the group controller. Within each group radio resources are also allocated on a semi-persistent basis
Proposal 7: In case a new D2D communication needs to be configured completely outside of network coverage, the radio resource selected may be pre-defined, selected from a list of options, or selected after scanning to find the best available channel.  
Proposal 8: A public safety UE engaged in D2D group communication must support acknowledged mode AM, un-acknowledged mode UM, and transparent mode TM in its D2D RLC protocol stack.  

Proposal 9: A public safety UE engaged in D2D group communication must support multiple logical channels simultaneously. Each logical channel may have a different RLC mode, and a given user may transmit one logical channel, while receiving another.  
Proposal 10: a UE may only map logical channels that it is transmitting to a transmit subframe. 

 Proposal 11: RAN2 needs to define a mechanism to arbitrate the control of the transmitter function for a given logical channel.
Proposal 12: RAN2 should study if there is a need to support multiple transport channels and which PDCP functions should be supported on a D2D group communication link.
.
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