
3GPP TSG RAN WG1 Meeting #74
R1-132995
Barcelona, Spain, August 19th – 23rd, 2013
Agenda Item:
7.2.8.2
Source:
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title:
D2D Discovery design for groupcast, broadcast, and relay
Document for:
Discussion and decision

1 Introduction
In RAN1#73, generic methodologies for D2D discovery were discussed.  The radio resource and the duplex operation for D2D were agreed as follows,
· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes 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

Two types of discovery procedure were agreed for the purpose of terminology definition for use in further discussions/studies as follows:
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals
· Type 2B: Resources are semi-persistently allocated for discovery signal transmission
Several alternatives of synchronization reference timing when A UE begins to transmit a D2D signal at the time instance of T1-T2 with T1 being the reception timing of the synchronization reference and T2 being an offset which is positive, negative, or zero, were agreed as follows: 
· 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).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 
· Option 3.1: T2 is fixed in the specification.
· Option 3.2: T2 is obtained from the one UE 
· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 
· Option 4.1: T2 is fixed in the specification.
· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 

The alternatives of synchronization reference timing used for D2D discovery and communication for D2D study were  agreed as follows:
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.
· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.
· At least option 1.3 is supported for within NW coverage
In this paper, we will discuss more detailed two-stage D2D discovery procedure and discovery signature design for unicast, broadcast, groupcast, and relay for scenarios when devices within and outside network coverage. 
2 Two-Stage D2D discovery Signature Design
Two-stage D2D discovery was proposed and discussed in [4]. The proposed two-stage D2D discovery in [4], which is similar to the two-stage LTE RACH procedure, comprises discovery signals that comprise signatures designed for easy detection and synchronisation, and a subsequent discovery channel on which a discovery packet containing information for which UE identification (similar to RACH msg3) is transmitted.  
The proposed discovery signals comprise signatures that could be designed in a similar way to PSS/SSS.    A two-stage UE-specific PSS (U-PSS) and SSS (U-SSS) discovery signature design has the advantage of supporting a large number of devices in the system by multiplying the number of U-PSS sequences by the 168 hypotheses of the U-SSS.  A set of UE-specific Zadoff-Chu root sequences could be designed for the U-PSS for different purpose.  The M sequences used for SSS could be reused for U-SSS.    The two-stage U-PSSS/U-SSS signature design has the following advantages:
· Cell agnostic  – the signature allocation is independent of the device location, whether it is under the coverage of a serving cell or out of network coverage 
· Short sequence length – minimizing the required radio resource from D2D signature and the processing complexity of signature detection 

· Large number of signatures available – supports a large number of devices with the combination of U-PSS/U-SSS (total number of signatures is the product of the numbers of U-PSS and U-SSS sequences).  
· Uniqueness of signature in a cluster area – each device has its unique signature assigned by the network when the number of available signatures is more than the number of devices in a area.  

·  Minimizing the Collision probability – collision probability of resource randomly assigned/selection from two resource pools of D2D signature sequences is lower than that from one resource pool for single-stage D2D signature design 
· Good cross-correlation property of U-PSS and U-SSS  –  This will simplify UE detection of the sequence.   
Two-stage discovery signature design (U-PSS/U-SSS) are used to partition two sets of discovery signatures for two different purpose in supporting of different types of D2D communication, such as unicast, groupcast, broadcast, and Relay.   The proposal of using discovery signatures to indicate types of D2D discovery
· U-PSS is used as unicast index, group identification for groupcast, broadcast prefix, and relay indication – a set of U-PSS would be configuration for either unicast, groupcast, broadcast or relay purpose.  
· The U-PSS configuration for unicast, groupcast, broadcast and relay will be provided by network when devices are within network coverage.  

·  A default U-PSS configuration would be pre-installed in each device for the scenario when devices are out-of-coverage.   

· Each device is not limited to transmit one U-PSS.  For example, one device could transmit unicast U-PSS for autonomous discovery and relay U-PSS for relaying service of devices outside the network coverage 

· U-SSS is used for member identification of unicast group, groupcast, broadcast group and relay group.

To enable higher-layer identity discovery and service discovery, additional resources need to be allocated for the discovery channel.   The resource allocated for the discovery channel could be derived implicitly through the discovery signature, directed by network dedicated signaling, or broadcast in the system information. In general, the discovery resources can be in the LTE carrier (i.e., co-channel allocation sharing the LTE carrier with LTE cellular transmissions) or in a dedicated carrier (where legacy impact is avoided but an additional carrier is needed). In the co-channel discovery resource allocation, the uplink spectrum (FDD) or subframes (TDD) are used for D2D discovery and direct communication. 
Two-stage U-PSS/U-SSS design could be used to indicate two-level of radio resource used for discovery channel transmission

· U-PSS is used for the mapping to an given subframe allocating for discovery channel

· U-SSS is used for the mapping to the specific neighbor discovery channel (ND channel) in the subframe.   

· U-PSS could also be used as the scrambling sequence of the ND channel for additional security.
Proposal 1:  D2D discovery signals should support separated transmission of discovery signature and discovery channel, the latter of which contains device identity and control signaling.  

Proposal 2:  A two-stage discovery signature design with short sequences, such as U-PSS/U-SSS, should be used.  
3 D2D discovery procedure
The procedures of D2D discovery and communication are quite different to the procedure of traditional UE access to the LTE network.   In particular, different types of ProSe discovery have been specified in TSG SA.  A flowchart of D2D discovery procedures would provide graphic indication of different procedures for different ProSe discovery types in different scenarios as shown in Figure 1.  When devices are under network coverage, D2D discovery could be triggered autonomously or with assistance from the network.   

· Network-assisted D2D discovery – 

· Source device initiates a request to the network for communication with target device.  

·  Network would verify the identity of source device and start signaling procedure for a communication establishment with the target device.   

· Once the network received response from target device with verification of target device identity, network would perform viability analysis to determine the optimal path for the end-to-end communication between source device and target device.  

·  If D2D direct communication is the best link for end-to-end communication, network would trigger D2D discovery procedure and send to both source and target devices.  

· Network would assign Discovery signature, associated radio resource and signature transmission configuration to both source and target devices to start D2D discovery procedure.  

·  Both source and target would acknowledge to network when they discover the other device.   

· Autonomous D2D discovery under network coverage – 

· After a device is verified and registered as a D2D device, each device would be assigned a Discovery signature configuration, which includes Discovery signature, associated radio resource, and configuration of signature transmission time.  

· Each device would transmit its signature and listen to signatures from other devices in the proximity. 

· Each device would use the detected signature, U-PSS/U-SSS, to derive the resource for discovery channel, which contains the device identity.  

· Once the source device detects a desired device from discovery channel in the proximity, source device would send a request of D2D direct communication with target device to the network.   

· Network would verify and authenticate the D2D communication request and start signaling procedure for D2D direct communication between source and target device.   

· Autonomous D2D discovery outside network coverage – 

· After a device failed to find an LTE network, the device would start the default D2D procedure

· Default discovery signature configuration, which includes Discovery signature, associated radio resource, and configuration of signature transmission time, are stored in the device.   

· Each device would listen for and detect any D2D discovery signature transmitted.

· If one or more signature is detected by a UE, the timing of the detected signature would be used for the transmission of the UE’s own signature.

· If no signature is detected in the proximity, the device would transmit its signature at an arbitrary time or based on a global reference time (e.g., GPS or GNSS time)  and continue to listen to signatures from other devices in the proximity. 

· Each device would use the detected signature, U-PSS/U-SSS, to derive the resource for discovery channel, which contains the device identity.  

· Once the source device detects a desired device from a discovery channel in the proximity, source device would trigger a request of D2D direct communication to the target device through discovery channel.     

· Target device would performance verification of the source device through default verification procedure.   

· Target device would send an acknowledgement back to source device after verification through discovery channel.   

· Source device would verify the target device after receiving the acknowledgement. 

· Source device would start signaling procedure for D2D direct communication between source and target device.   
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Figure 1: Flowchart of D2D Discovery
· Discovery signature allocation for different communication type - 

· Unicast – a range of U-PSS sequences are reserved for the use of D2D unicast communication. 

· Groupcast – a specific U-PSS is assigned for each group and an U-SSS is assigned each group member.

· Device searches for signature with same U-PSS for groupcast. 
· Device searches for detectable U-SSS to find out the number of group member in the proximity.
· Broadcast – one or more specific U-PSS(s) are assigned for broadcast

· Device searches for specific broadcast U-PSSS

· Device searches for all detectable U-SSS as the member for broadcast.  

· Relay – a specific U-PSS is assigned to those devices identified as a Relay device.

· All devices out of coverage would decode the assigned Relay U-PSS

· Once Relay U-PSS is detected, devices would start detect U-SSS to see the number of Relay devices in the proximity.  
Proposal 3:  Discovery procedures for different ProSe Discovery types should be studied and captured in the TR.   
Proposal 4:  The flowchart of D2D discovery procedure in Figure 1 is captured in the TR.   
4 Conclusions
This paper proposes a common solution for D2D discovery regardless of whether devices are within or outside network coverage.    We propose:
· Proposal 1:  D2D discovery signals should support separated transmission of discovery signature and discovery channel, which contains device identity and the control signaling.  

· Proposal 2:  A two-stage discovery signature design with short sequences, such as U-PSS/U-SSS, should be used.   

· Proposal 3:  Discovery procedures for different ProSe Discovery types should be studied and captured in the TR.   

· Proposal 4:  The flowchart of D2D discovery procedure in Figure 1 is captured in the TR.   
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