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1. Introduction

In the study item description (SID) of device to device (D2D) communications [1], there are 2 functional scenarios as direct communication and discovery. Additionally, 2 application scenarios which are general scenario and public safety scenario are considered. For the public safety scenario both the discovery and direct communication are supported while for general scenario only the discovery is applicable. 

From this understanding, we can observe that the discovery can be an independent functionality (e.g. in general scenario) or a preceding functionality of direct communication (e.g. in public safety scenario). Therefore, in this contribution we consider the discovery for communication is a part of communication setup for D2D group-cast and discuss a complete design to build up the connections. To be a starting point, we focus on the in-network coverage use cases.
In the last (RAN1 #73) meeting, on the issue of synchronization and timing for device discovery we achieve several agreements. The following agreements are considered in this document since they are applicable to the in network coverage scenario.

· In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference
· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.
· Option 1.2: T2 is configurable by the network.
· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· At least option 1.3 is supported for within NW coverage

In additions, on the issue of resource management, the following agreements are achieved.
· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL sub-frames of the cell giving coverage (in the case of TDD except when out of coverage)
· Use of DL sub-frames in the case of TDD can be studied further.

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier.
In this document, based on those agreements, we start from a possible procedure and try to find critical design rules for possible signalling and required resource allocation, to support D2D group-cast within network coverage for public safety scenario. We also analyse the impacts on legacy transmissions.
2. Scenario
In our understanding, the group-cast in public safety scenario within network coverage means that, there is a group of UEs under network coverage and each of them can communicate with all other UEs in the group directly, there is no data and voices are delivered through the eNB. 
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10 UEs under network coverage and 3 of them form a group.
Figure 1 depicts the scenario we considered, where 10 UEs are in the coverage of the network and 3 of them form a group. Each UE in the group can send data to all other UEs in the group. 
3. Procedure 
To build up such a group and to realize the group-cast, we first consider a possible procedure with an assumption that, since all the UEs are in the network coverage, all the resources and transmissions are controlled by the eNB. 
In the beginning, the group can be constructed by the eNB or by the UEs. If the group has been formed previously or has been registered (e.g. company working group), the eNB knows IDs (e.g. C-RNTI or higher level ID) of UEs in the group. If the group has not been formed previously or has not been registered, it should be constructed by UEs in the group. It means one UE in the group can send a message to the eNB to indicate eNB to build up the group. This message may include the ID of the group, the IDs of the UEs to be included in the group and authentication information of the group. 
When eNB receives the message, it can map each of the received UE IDs (which can be application level ID such as email address or higher level ID such as IMSI that may not be known by eNB) to a UE ID (e.g. C-RNTI) known by eNB. Then, the eNB responds to all UEs in the group the ID of the group, the IDs of UEs to be included in the group and authentication information of the group. Other UEs who want to join the group can also send message to the eNB, the message(s) can include the ID of the group and authentication information of the group.
The radio resources to be used by the group are configured by the eNB, to avoid generating interference to current communications. The eNB then signals the radio resource configuration(s) to UE in the group, this signaling can be realized by dynamic control channels such as PDCCH and ePDCCH, or by RRC signaling and then PDCCH and ePDCCH. 
After that, the UEs in the group send discovery signals to other UEs in the group to build up synchronization, on the resource configured by the eNB and starts communications. 

4. Resource configuration 
Based on the above procedure, we consider the first thing to do for group-cast is to construct the synchronization between UEs in the group. Due to the agreement mentioned in section I that, D2D transmission/reception does not use full duplex on a given carrier, at every moment only one UE in the group can transmit discovery signal. Therefore, one unit of resource (i.e. in terms of discovery signal) is sufficient for a group to build synchronization. 
Observation 1: one resource for one discovery signal is sufficient for a group to build synchronization.
Furthermore, the group-cast means every UE in the group can send messages to all other UEs in the group. But considering that one UE cannot transmit and receive at the same time, one resource is also sufficient for a group at a moment during group-cast communications.
Observation 2: one resource at a time is sufficient for a group during group-cast communications.
5. Impacts on legacy transmissions
A critical design requirement for D2D communication within network is avoiding additional impacts on legacy systems. The agreement to use PUSCH transmit time mentioned in section I is one example. 
Observation 3: Reusing the timing advance in normal UL for D2D transmission time can reduce interference to legacy systems.
However, once the transmission times of all UEs are fixed to their timing advance for normal UL, the time each UE receives signal from other UEs becomes variable due to the transmission times from UE to UE are different. It may disturb the legacy UL transmission of each UE, since all UEs are half duplex. In the following, we use a FDD example to demonstrate this consideration.
Considering a case in which there are 3 FDD UEs (denoted as UE1, UE2 and UE3) in a group and each UE can send message to other UEs in the group or to the eNB. One possible frame timings at the eNB and at the 3 UEs could be described as in figure 2, where the locations of eNB, UE1, UE2 and UE3 are included.
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Figure 2: One example of frame timing in group-case device to device communications.
In figure 2, we assume 3 sub-frames are used for group-cast D2D communications (denoted as GC Tx or GC Rx) while the other 7 sub-frames are left for normal UL transmissions (denoted as N Tx). Among the 3 sub-frames for group-cast communications, the 1st sub-frame is for transmissions from UE1 to UE2 and UE3, the 5th sub-frame is for transmissions from UE2 to UE1 and UE3 while the 10th sub-frame is for transmissions from UE3 to UE1 and UE2.
The first point we can observe in figure 2 which would not happen in 3GPP Rel. 8 and 9 FDD modes is, the 1st sub-frame of UE2 is overlapped with the 2nd sub-frame, so as UE3. It is due to the transmission takes time, and thus the transmission timing of the 2nd sub-frame is leading to the eNB UL sun-frame timing while the reception timing is beyond the eNB UL sub-frame timing.
The second point we can observe in figure 2 is that, there is no guard interval between 4th sub-frame and 5th sub-frame of UE1. However, the 4th sub-frame is for transmission but the 5th sub-frame is for reception, there should be a guard interval between them. This point happened due to the reception timing of 5th sub-frame at UE1 is determined by both the transmission timing of 5th sub-frame at UE2 and the transmission distance between UE1 and UE2. For UE1 the reception timing of 5th sub-frame from UE2 may become too early to concatenate the previous sub-frame or even to overlap with the previous sub-frame. But we can note that, such point does not happen in the 10th sub-frame of UE1 and UE2, due to the transmission duration between UE3 and UE1/UE2 are larger enough. Therefore, the eNB may not be able to know at which sub-frame the transmission and reception would overlap, if the eNB does not has the information on the transmission distance between UE1 and UE2.

Observation 4: The eNB may not be able to know at which sub-frame the transmission and reception would overlap, if the eNB does not know the transmission time between UE1 and UE2.
6. Signalling
When the eNB forms the group, it needs to send a message to all UEs in the group to indicate the resource for transmitting/receiving discovery signal and the resource for transmitting/receiving communication data. Due to the UEs cannot transmit and receive simultaneously, the resource for each UE shall be situated at different time. It implies that, the eNB shall indicate every UE in the group a resource for discovery signal or for future communications, and the resource for each UE shall be in different time. 
Proposal 1: The eNB signals one resource for discovery signal and one resource for communication data, the resource for each UE is at different time from resource for other UEs.
In additions, to let the UEs can decode the data transmitting from other UEs, the eNB needs to signal a set of communication parameters to every UE in the group. This set of parameters shall include the communication parameters for this UE to transmit (e.g. D2D-RNTI) and the communication parameters for this UE to decode (e.g. D2D-RNTI of other UEs in the group).
Proposal 2: The eNB needs to signal a set of communication parameters to every UE in the group, including the communication parameters to transmit and to decode.
Based on the analysis in section 5, to avoid the overlap of or to reserve sufficient switch time between reception sub-frame and transmission sub-frame, it is desired to let the UEs to report the information about the transmission time of the discovery signal from other UEs.
Proposal 3: To let the UEs to report the information about the transmission time from other UEs.
7. Conclusion
In this document we have 4 observations and 3 proposals as follows.
Observation 1: one resource for one discovery signal is sufficient for a group to build synchronization.
Observation 2: one resource at a time is sufficient for a group during group-cast communications.
Observation 3: Reusing the timing advance in normal UL for D2D transmission time can reduce interference to legacy systems.
Observation 4: The eNB may not be able to know at which sub-frame the transmission and reception would overlap, if the eNB does not know the transmission time between UE1 and UE2.
Proposal 1: The eNB signals every one resource for discovery signal and one resource for communication data, the resource for each UE is at different time form resource for other UEs.
Proposal 2: The eNB needs to signal a set of communication parameters to every UE in the group, including the communication parameters to transmit and to decode.
Proposal 3: To let the UEs to report the information about the transmission time from other UEs.
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