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1
Introduction
How to support LTE device to device for proximity service has been discussed for several meetings in RAN1 since the approval of SI [1]. According to the scope of the SI, the two main topics need to be investigated in RAN1 are discovery and communication. And furthermore, as agreed already within RAN1, the following scenarios are to be considered for D2D operation:

· Within network coverage

· Out of network coverage

· And partial network coverage

In the scenario of partial network coverage, a group of D2D discovering and communicating UEs includes both UE(s) with network coverage and UE(s) without coverage. 

In this contribution we discuss how to support D2D communication in the case of without network coverage case. In a companion contribution we discuss the within network coverage case [2].
2
D2D communication framework 

The general principles for D2D communication are discussed in the companion paper [2]. Here only the main points are listed below, which are also valid for the case of without network coverage:
· Reuse the same numerology as regular LTE cellular communication including timing parameters (e.g. length of OFDM symbol, length of frame/subframe) and frequency parameters (e.g. subcarrier spacing). Selection of transmission scheme for D2D communication needs to take various aspects into account, especially UE implementation.

· Scheduling based resource allocation should be the baseline of all D2D communication in order to maximize spectral efficiency and minimize the interference.

· Avoid unnecessary differentiation between D2D communication solutions for within NW coverage and out-of NW coverage.
· In general, try to reuse as much as possible of the existing LTE concepts for D2D communication.

· It is proposed that SC-FDMA is reused for D2D communication in order to optimize the coverage.
· Base the D2D communication on the concept of a pair RNTI, which is created for each D2D link. The pair RNTI can be referenced in regular DCI formats when accessing both UEs of the link.
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D2D communication without network coverage 

The starting point for D2D communication design is the within network coverage case discussed in [2], where the features and functionalities from LTE system that are beneficial to be considered for D2D communications are more evident.  Once a clear framework for D2D communications is available for that case, it is natural to extend it to the out of network coverage case. This ensures that both solutions will have significant commonality, while also taking into account that the channels and functionalities are more limited in out of coverage case, and that additional UE functionalities might be required.
A solution for the case of within network coverage is discussed in the companion contribution [2]. The signaling scheme from the within network coverage case is also shown below for convenience in Figure 1.
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Figure 1: D2D communication within network coverage [2]
For D2D communication without network coverage we start with some general principles for the design given in the bullets below:

· A “Cluster Head” is controlling the radio resources reserved for Public Safety use outside of network coverage taking the role of the eNB of the case within network coverage. The cluster head can be a more powerful UE, which advertises itself as master and coordinator and which potentially is also under NW coverage in case of with partial network coverage.
· Synchronization is achieved and maintained with a procedure similar to periodic RACH between UEs and Cluster Head.
· The UEs know the identity of the Cluster Head and have been given a BROADCAST and GROUP RNTIs used for broadcast and groupcast communication.
The main difference between the in coverage and out of coverage solutions is that the in coverage solution can utilize the existing physical DL channels like broadcast channel and DL control channel and physical UL channels as PUCCH, and therefore also has a smaller standardization and implementation efforts. In the case of out of network coverage, where the communication uses UL resources, it is natural to restrict the communication to use channels of which the physical layer properties are derived from existing UL channels and signals. As we are trying to reuse the existing LTE channels and information structures as much as possible in another context, it is natural to give them new names in order to differentiate D2D and cellular concepts. Table 1 lists the cellular terminology and the proposed corresponding D2D terminology. 
Table 1. Correspondence between cellular and D2D channels
	
	Cellular terminology
	D2D terminology

	Physical Control Channel
	PUCCH / PDCCH
	D2D-PCCH

	Physical Data Channel
	PUSCH / PDSCH
	D2D-PSCH

	Control Information
	DCI
	D2D-CI


It is noted that some of the channels or information structures could be modified when used in the D2D context. For example, the D2D-CI could be significantly smaller for D2D due to the limited number of resources compared to LTE cellular DCIs. 
Below is some further assumption summarized that will form the basis for the D2D communication:
· Higher layer channels are mapped on D2D-PCCH / D2D-PSCH
· D2D channels utilize SC-FDMA
· Reduced size control information formats (i.e. D2D-CI) used for D2D control sent from cluster head on D2D-PCCH. The exact D2D-CI formats to be supported for D2D communications are FFS
· Actual D2D-PCCH design supporting D2D-CI is FFS
Proposal 1: In the out of network coverage case D2D control information (D2D-CI) is mapped on D2D-PCCH / D2D-PSCH and can potentially be reduced in size compared to LTE cellular DCIs.
Based on these assumptions a D2D communication scheme for the out of coverage case can be envisioned, which is coarsely depicted in Figure 2 and described in the subsequent text.
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Figure 2. Basic D2D communication without NW coverage
The following steps can be identified:
· UE1 indicates to the Cluster Head that it wants to set up a direct D2D communication link with UE2
· Cluster Head performs a pairing operation between the UEs. A pair RNTI is created and sent to the UEs.
· UE1 and UE2 are configured to send e.g. SRS in certain specified subframes.
· It should be pointed out that one of the participating UEs in a D2D communication pair can also act as the Cluster Head.
· UE1 wants to initiate the communication phase and sends a scheduling request, D2D CSI information, count 
· Cluster Head sends a D2D resource grant with the pair RNTI, NDI = 1, RA, MCS, power control.
· The grant is received by both UEs: for UE1 it is a resource grant for transmission while for UE2 it is a resource assignment for receiving.
· After receiving the grant UE1 transmits its data on the assigned resources (D2D-PSCH). UE2, who has also received the grant, receives and decodes the data.
· If HARQ is supported:
· In case UE2 receives the data with errors it will send a NACK to the Cluster Head (D2D-PCCH).
· Cluster Head responds with a D2D communication grant with NDI = 0. UE1 resends the data.
· In case UE2 receives the data without errors it send an ACK to the Cluster Head (D2D_PCCH).
· Cluster Head responds with a D2D communication grant (D2D-PCCH) with NDI = 1. UE1 sends new data.
· At any time UE1 can indicate to the Cluster Head that
· The communication continues (via e.g. scheduling request)
· The communication has ended
· The CSI has changed (Cluster Head takes the change into account when allocating resources, setting MCS and controlling D2D TX power)
This exemplary D2D communication arrangement has the following main benefits:

· Supports HARQ retransmissions if needed 
· Scheduling of all resources by cluster header
· Enables spatial reuse of resources possible
· Link adaption including power control
· Enables interference coordination
It is also noted that the Cluster Head is able to communicate with any single UE in a similar way as the eNB would do in regular cellular manner by using the UEs RNTI instead of any pair RNTI. 

5
Groupcast communication
Groupcast communication is type of communication where there are multiple recipients of the same message and the receiving UEs are configured in advance. Broadcast can be seen as a special type of group communication, where the receiving UEs are not specifically configured in advance and the message is intended for any authorized UE in proximity.
For the groupcast scenarios we have the following assumptions:

· A GROUP RNTI is pre-configured for each communication group.
· A BROADCAST RNTI is pre-configured for all UEs supporting D2D communication.
· No HARQ is assumed.
· Transmission with more robust modulation and coding as well as higher power can be considered.
Proposal 2: Base the D2D groupcast communication on the concept of a BROADCAST RNTI and on one or several GROUP RNTIs, which are created for each D2D group. The defined RNTIs can be referenced in regular D2D-CI formats when accessing the UEs which are part of the groupcast.

Two alternatives are envisioned to support groupcast communication:

Alt 1: The UE sends data to the Cluster Head and the Cluster Head transmits that data to all UEs in group on the behalf of the UE.
Alt 2: The UE explicitly asks for permission from the Cluster Head to transmit the data to all UEs in the group. The Cluster head responds by giving the authority to the UE by sending the groupcast grant. After receiving the grant the UE will transmit the data.
Alternative 1, which is quite straightforward, could be more suitable for non-real time services but is not very practical for periodic messages like voice and other real time communication as the data always would be transmitted twice. Moreover, the groupcast coverage would then be given the coverage of the cluster head and not given by the coverage of the UE that tries to get the message to be transmitted to the group. Alternative 2 is on the other hand better suited for real time communication as the actual message is transmitted just once. 
An exemplary implementation of Alt 2 is described with some details below in Figure 3:
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Figure 3. Groupcast communication according to alternative 2
The following steps can be identified:
· In the configuration phase UE1 indicates to the Cluster Head that it wants to set up a group D2D communication session to a group of UEs

· The Cluster Head sends an acknowledgement to the UE and configures the GROUP RNTI for the UEs. 

· UE1 wants to initiate the communication phase and sends a scheduling request
· Cluster Head sends a D2D group communication resource grant with the GROUP RNTI, including RA, MCS. Identification of the sender UE for the Groupcast/Broadcast transmission is FFS.
· After receiving the grant, UE1 transmits its data on the assigned resources (D2D-PSCH). All UEs, which have also received the grant, receives and decodes the data
· As real time communication is expected to be the most relevant for group communication it is considered that HARQ is not necessarily needed. Furthermore, reliability can be improved with other means like more robust modulation and coding as well as power control 
· At any time UE1 can indicate to the Cluster Head that
· The communication continues (via e.g. scheduling request)

· The communication has ended
Even though we have considered in this contribution the problem of Groupcast and Broadcast communications from the point of view of without network coverage case, if such use case is to be supported also within network coverage it is natural to assume that the eNB could take the role of cluster head and coordinate the resource utilization accordingly 
6
Conclusions
In this contribution we have discussed the without coverage case for D2D unicast communication as well as groupcast & broadcast considerations based on our within network coverage proposal discussed in the companion contribution [2]. On top of the observations and proposals in [2], the following additional proposals for out-of-network D2D communication and D2D groupcast operation are made:
Proposal 1: In the out of network coverage case D2D control information (D2D-CI) is mapped on D2D-PCCH / D2D-PSCH and can potentially be reduced in size compared to LTE cellular DCIs.
Proposal 2: Base the D2D groupcast communication on the concept of a BROADCAST RNTI and on one or several GROUP RNTIs, which are created for each D2D group. The defined RNTIs can be referenced in regular D2D-CI formats when accessing the UEs which are part of the groupcast.
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