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1. Introduction
In RAN1#73 meeting, radio resource used for device-to-device communication was discussed and concluded that 1) D2D operates in UL spectrum; 2) not use of full duplex [1]. 
Moreover, two types of discovery have been defined for at least further discussions/studies [2].
· 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

In RAN1#74 meeting, it has been agreed for Type 1 D2D discovery as follows [3].
· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM
A working assumption on the payload size for the case of message-based D2D discovery of x = 104 bits was also made.

In RAN1#74bis meeting, resource allocation for device-to-device discovery was discussed and converged to the following working assumption for further evaluation [4]. 
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs

· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM 

· All individual discovery message transmission resources are the same size

· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery 

The contribution discusses resource allocation methods of D2D discovery while D2D UEs are within coverage of network. Several proposals are presented to facilitate resource allocation for discovery transmission and reception.  
2. Discussion on resource allocation
2.1 Generic discovery procedure

According to decisions in previous meetings, D2D transmission is on UL spectrum and non-full duplex [1]. From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex [5].  In other words, a selected set of UL radio sources is going to be used for D2D transmission, including both D2D communication and discovery. And, D2D UEs transmit on certain radio resource(s) and receive D2D signals on the rest of radio resource in the selected set. 
In D2D discovery, D2D UEs are either want to find out any available D2D UE(s) nearby or want to be discovered by others. While these D2D are in network coverage, the first thing D2D UEs need to learn from network is whether/where any radio resource available for D2D discovery. After that, D2D UEs willing to be discovered need to transmit discovery signal on discovery radio resource, and D2D UEs willing to find out any UEs nearby should receive on discovery radio resource to identify whether any proper discovery signal is transmitted. 
Fig. 1 illustrates a generic D2D discovery procedure. All UEs learns which UL radio resource allocated for D2D discovery from network, no matter type 1 or type 2. Once UEs know the allocated resource, UEs further select one of them to transmit discovery signal if the UEs are willing to be discovered. For UEs willing to find out others, they should receive on allocated resource to identify whether any discovery signal is sent. Based on a discovery period, UEs willing to find out others need to receive all allocated resource for discovery signal identification within the period. 

[image: image1.emf]eNB UE#1 UE#2 UE#3

Radio Resource Allocation for Discovery

Resource

Selection

Resource

Selection

Selected Resource 

to Transmit

Other Resource 

for Reception


Fig. 1 Generic D2D discovery procedure

2.2 Type of discovery
In current study, there are Type 1 and 2 defined in discovery procedure. Type 1 is a discovery procedure where resources for discovery signal transmission are allocated on a non-UE-specific basis. Type 2, including 2A and 2B, is a discovery procedure where resources for discovery signal transmission are allocated on a per UE-specific basis. 
While D2D UEs are all within network coverage, it is presumed that these D2D UEs have common DL reference timing with certain different delay. By means of suitable timing adjustment or discovery signal design, discovery signal could be transmitted and detected properly.
In Type 1 discovery, signalling of allocated non-UE-specific discovery resource could be broadcasted by eNB and all D2D UEs learn together. One feasible way, for example, is to broadcast by SIB information. In Type 2 discovery, however, signalling of allocated UE-specific discovery resource will have increasing RRC signalling overhead and network loading while the number of D2D UEs increases. Moreover, broadcast transmission is main target in current study. Accordingly, Type 1 discovery should be considered with higher priority than Type 2. 
Proposal#1: Type 1 discovery could be the baseline in D2D discovery.

2.3 Resource allocation 

It has been assumed that resource configuration consists of 1) a number of subframes and 2) a discovery period [4]. The number of discovery subframes should be configured in proportional to the number of UE would performing discovery within a discovery period.  These D2D UEs could learn configuration of discovery subframes and period from eNB in a semi-static manner since there is no requirement to have dynamic approach. For fast and dedicated discovery, Type 2 discovery could be considered instead. Accordingly, the number of discovery subframes can be allocated in a semi-static manner to facilitate Type 1 discovery approach. 

Discovery period could affect D2D UEs’ monitoring period, which is also subject to number of subframes within a period. Short period could of course provide quick response for discovery result. Long period accommodates more discovery slots (some people call it discovery radio resource) to provide flexible allocation of numbers of discovery subframes. The discovery period could be a static value or even fixed. A possible approach for semi-statically configuration is to make use of SIB(s). This could leave for RAN2 to design suitable mechanism. 
Proposal #2: Semi-statically configuration for the number of discovery subframes and the discovery period. 

2.4 Discovery signal
In previous meeting, discovery signal is assumed to use a sequence plus message and the message is assumed to reuse PUSCH structure [4]. Fig. 2 illustrates several possible candidates for the discovery signal of sequence plus message. Synchronous transmission of discovery signal could be expected in Type 1 discovery for in-coverage UEs. Candidates in 2(a) and 2(b) with a preamble (sequence) seem to be not necessary in this assumption. Hence, 2(c) should be a suitable signal structure with the sequence dedicated for demodulation of the message. 
Proposal #3: Discovery signal consists of message and demodulation RS sequence for Type 1 discovery in case D2D UEs are within network coverage. 
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(c) Another possible allocation

Fig. 2 Transmission of discovery signal

3. Conclusions

The contribution discusses design issues for scenarios in which D2D UEs are within coverage of network. Several proposals are presented below to facilitate allocation of radio resource for discovery transmission and reception.  

Proposal#1: Type 1 discovery is prioritized for scenarios within network coverage.

Proposal #2: Semi-statically configuration for the number of discovery subframes and the discovery period. 

Proposal #3: Discovery signal consists of message and demodulation RS sequence for Type 1 discovery in case D2D UEs are within network coverage. 
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