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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 relay scenario 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

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 relay within network coverage for public safety scenario.
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Figure 1: Relay scenario in device to device communications
2. Scenario
In our understanding, the relay application in public safety scenario within network means that, the UE which is outside the network coverage can connect with the eNB via another UE which is inside the network coverage. Figure 1 depicts the scenario where UE1 is in the coverage of eNB while UE2 is out of the coverage of eNB, and the UE2 can connect with the eNB via the UE1. 
3. Procedure and Proposals
When the UE which is outside the coverage of network wants to connect to a eNB, it has 2 choices as to listen a discovery signal from relay UE or to send a discovery signal. We consider the prior one is not so reasonable since let a UE keeps to sending discovery signal is very wasting transmission power and both the time/frequency resource in the cell. 
Proposal 1: Let the UE outside the network coverage sends the discovery signal.
So we consider the case that, the UE2 can send a discovery signal. If there are UEs which is inside the coverage of network and receives this discovery signal, it can be a relay UE. In the following we denote the UE outside the network coverage as UE2 and the UE insider the network coverage as UE1. 
The discovery signal sent by UE2 should be on a time-frequency resource that is known by UE1, then the UE1 can monitor possible discovery signal on that frequency band at that time.
Proposal 2: There should be a set of time-frequency resource defined in the specification, to let the UE outside network coverage can send and the UE inside network coverage can monitor discovery signal. 
Since the UE1 is a possible relay UE, a connection may be built up between UE1 and UE2. It implies that the timing of UE2 should be estimated by UE1 through the discovery signal.
Proposal 3: The discovery signal should be used by UE1 to synchronize with UE2, which can be synchronization signal (e.g. PSS, SSS)l or random access preamble.
Since the UE1 is in the network coverage, it may have active communications with the eNB. It means the eNB may schedule some UL sub-frames for normal UL transmissions form UE1. As UE1 cannot receive the discovery signal when it is delivering normal UL transmission, the discovery signal from UE2 should be sent more than one time.
Proposal 4: The discovery signal should be transmitted periodically or several times.

As we mentioned above, the timing of UE2 should be estimated by the UE1.  It is not only pointing the symbol level timing but also indicating the frame level timing. So, the discovery signals transmitted at different time should be different.

Proposal 5: The discovery signals transmitted at different times should be different.
Under the assumption that, all transmissions sent by UEs should be controlled by the eNB since they are in network coverage. When the UE1 receives the discovery signal, it should send a report to the eNB to ask for the time and frequency resource on which the response signal can be sent. In addition, the UE1 still needs to monitor the next discovery signal from UE2 and cannot transmit normal UL data at the same sub-frame. Therefore, this report shall include the time that the UE1 would receive the discovery signal then the eNB would not schedule normal UL transmission from this UE at those times. 
Proposal 6: The period or the interval between transmissions of discovery signals should be determined by the UE receiving the discovery signal. One possible way is to assign a period to each discovery signal.
Proposal 7: The report from UE1 to eNB can ask for the time and frequency resource for response signal.
The eNB may receive several reports from different UEs at the same time, and it needs to determine which UE could be the relay UE. To realize this collision resolution, the report from UE1 should include the index of the discovery signal it received. 
Proposal 8: The report from UE1 to eNB should include the index of the discovery signal.
Once the eNB determines the UE1 as relay UE, it responds a message including the time and frequency resources on which the UE1 can send response signal to UE2. This message could also indicate the time and frequency resources for further communications between UE1 and UE2. Due to the transmission parameters of UE1 for D2D transmissions (e.g. RNTI) may be different form the transmission parameters of UE1 for normal UL transmissions, this message could also indicate the transmission parameters of UE1. Similarly, the transmission parameters of UE2 should also be controlled by the eNB and is also included in this message.
Proposal 9: The message from eNB to UE1 could indicate the resources for the UE1 to send responding signal to UE2, the resource for further communication between UE1 and UE2 and the transmission parameters both for UE1 and UE2.
Since the UE2 also needs to synchronize the UE1 to construct the communications, the responding signal sent by UE1 could be another discovery signal. Furthermore, to let the UE2 knows this responding discovery signal is corresponding to the discovery signal it sent before; there shall be a relationship between the discovery signal sent by UE2 and the discovery signal sent by UE1. One possible way to realize is to design 2 sets of discovery signals and there exist a correspondence between the indexes of the discovery signals in the 2 set. 
Proposal 10: There should be a relationship between the discovery signal sent by UE2 and the discovery signal sent by UE1.
After the UE1 receiving the message from eNB, it can send a discovery signal which is transmitted on the time and frequency resources scheduled by the eNB. This discovery signal is for the UE2 to synchronize with the UE1, both for symbol level and frame level synchronization. So, this discovery signals sent by the UE1 should also be periodic and are different in different transmissions.
Proposal 11: The discovery signals sent by UE1 should also be periodic and are different in different transmissions.
When the synchronization between UE1 and UE2 are completed, they may start to communicate with each other on the time and frequency resource configured by the eNB. This resource configuration should be indicated to the UE2 by the UE1 via a message, including also the transmission parameters (e.g. RNTI for UE2) and timing advance of UE2. However, this message could not be decoded by the UE2 if it does not have the information of the transmission parameters of UE1. One set of commonly known parameters may be a possible solution, but may induce higher interference between D2D transmissions. Another possible way is to let the UE1 to notice the transmission parameters of UE2 via the discovery signal sent by the UE1. It means that, each discovery signal could imply a set of transmission parameters. When the UE2 receives the discovery signal it knows the parameter to decode the message.
Proposal 12: Assign a set of transmission parameters to each discovery signal.
Finally, the UE2 can communicate with UE1 and then the eNB.
4. Example

Considering a case in which 2 sets of random access sequences are assigned specifically for discovery signal in device to device communications, and thus they are named as D2D random access sequences. The first set is has 10 sequences while the second set has 100 sequences, each sequence of the first set is with a period and corresponds to 10 sequences in the second set, where each of the 10 sequence denotes a D2D-RNTI.

When UE2 wants to connect to the network but find it is outside the network coverage, it selects a D2D random access sequence from the first set and uses it to send a discovery signal with 10 ms period and minimum system bandwidth (i.e. 6 RBs, 1.08 MHZ).

When UE1 which is inside network coverage receives a random access preamble, it estimates the D2D timing advance for this D2D random access preamble. The UE1 can also find the period of the received D2D random access preamble and determine the future sub-frame(s) which would be interference by this random access preamble.

The UE1 then reports to eNB the reception of discovery signal (e.g. index of the discovery signal), and to indicate the future sub-frame(s) which would be collided by this discovery signal. The UE1 asks eNB to configure the discovery signal for UE1 to respond and the sub-frame(s) on which the discovery signal is transmitted. The responding discovery signal is selected according to the received discovery signal and the D2D- RNTI to be used to encode further message. It means the UE1 can understand the D2D-RNTI from the received response discovery signal and use it to encode the message(s) to UE2. The UE1 also ask the eNB to configure the time/frequency resources for the message(s), and time/frequency resources, D2D-UE1-RNTI and D2D-UE2-RNTI for future D2D communications between UE1 and UE2.

The eNB then sends a message to UE1 to indicate the information required by UE1, and the UE1 sends the response discovery signal to UE2. When the UE2 receives the response discovery signal it can find the D2D- RNTI indicated by the response discovery signal. The UE1 then send the message(s) on the set of resources configured by eNB, which includes the D2D timing advanced of UE2, the time/frequency resource, D2D-UE1 RNTI and D2D-UE2 RNTI for future D2D communications between UE1 and UE2. Then the UE2 can decode the message by the D2D-RNTI.
5. Conclusion
In this document we have 12 proposals as follows.
Proposal 1: Let the UE outside the network coverage sends the discovery signal.
Proposal 2: There should be a set of time-frequency resource defined in the specification, to let the UE 
Proposal 3: The discovery signal should be used by UE1 to synchronize with UE2, which can be synchronization signal (e.g. PSS, SSS)l or random access preamble.

Proposal 4: The discovery signal should be transmitted periodically or several times.

Proposal 5: The discovery signals transmitted at different times should be different..
Proposal 6: The period or the interval between transmissions of discovery signals should be determined by the UE receiving the discovery signal. One possible way is to assign a period to each discovery signal.
Proposal 7: The report from UE1 to eNB can ask for the time and frequency resource for response signal.
Proposal 8: The report from UE1 to eNB should include the index of the discovery signal.
Proposal 9: The message from eNB to UE1 could indicate the resources for the UE1 to send responding signal to UE2, the resource for further communication between UE1 and UE2 and the transmission parameters both for UE1 and UE2.

Proposal 10: There should be a relationship between the discovery signal sent by UE2 and the discovery signal sent by UE1.
Proposal 11: The discovery signals sent by UE1 should also be periodic and are different in different transmissions.
Proposal 12: Assign a set of transmission parameters to each discovery signal.
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UE1 is in the coverage of eNB, UE2 is outside the coverage of eNB.



