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1 Introduction

During RAN1#74, the following agreements were made regarding Type 1 Discovery [1].
Agreements:

· 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

In this contribution, we intend to propose a device discovery mechanism that falls under Type 1 above for D2D systems operating under network coverage (Commercial/PS).
2 Network-assisted Device Discovery Mechanism
A method for efficient device discovery and power saving is proposed for D2D systems operating under network coverage. The proposed network-assisted discovery solution is characterised by following aspects:
· The eNodeB can semi-statistically allocate resources for all D2D capable UEs or a group of D2D capable UEs (D2D UE) to perform device discovery.
· The network allocated resources could preferably be located within the cellular network UL resources (use of DL resources are not restricted), and network allocated resources could be dedicated or shared.

· The network allocated resources for D2D discovery consists of two time-multiplexed resource blocks, forming a paired resource-set as shown in Figure 1. Within the paired resource-set, the first resource block set is allocated for transmitting and/or monitoring ‘discovery REQUEST messages’ while the second resource block set is allocated for transmitting and/or monitoring ‘discovery RESPONSE messages’.
· The resource block set for ‘discovery REQUEST messages’ further consists of multiple time-multiplexed discovery channels on which at least one or more frequency/code multiplexed discovery channels are mapped. Each of these time-frequency/time-code multiplexed discovery channels in the first resource block set has a unique ‘discovery RESPONSE channel’ reserved in the second resource block set on which a ‘discovery RESPONSE message’ corresponding to that ‘discovery REQUEST message’ is transmitted.
· After obtaining discovery related system information such as discovery periodicity (Tperiod), discovery REQUEST interval (TREQ) in terms of Tdis which is the minimum time unit for mapping a discovery request channel, discovery RESPONSE offset (Toffset), Maximum Discoverable Interval (Dmax), Minimum Discoverable Interval (Dmin) etc., an authorised D2D UE will choose its own ‘discoverable interval (DUE)’ by randomly selecting an integer between Dmax and Dmin.
· In addition, a D2D UE will further randomly select either ‘Search’ state or ‘Listen’ state to start the discovery process. This is illustrated in Figure 1 using three example UEs. In Figure 1, TREQ=6, 1st UE selects DUE=1 and ‘Search’ first, 2nd UE selects DUE=2 and ‘Search’ first, and 3rd UE selects DUE=3 and ‘Listen’ first.
· If a D2D UE selects to ‘Search’ first, it will further select a frequency/code multiplexed discovery channel and transmits its discovery REQUEST message. It will repeat this for the remaining ‘DUE -1’ time-multiplexed discovery channels and switch to ‘Listen’ state for DUE time-multiplexed discovery channel durations to monitor all available frequency/code multiplexed discovery channels for a discovery REQUEST message. 
· Alternatively, if a D2D UE selects to ‘Listen’ first, it will monitor all available frequency/code multiplexed discovery channels for a discovery REQUEST message for DUE time-multiplexed discovery channels, and switch to ‘Search’ state to perform ‘Search’ actions for another DUE time-multiplexed discovery channel durations. Likewise, a D2D UE alternates between ‘Search’ and ‘Listen’ states until the network configured discovery interval ‘TREQ’ elapses.
· During the forthcoming discovery RESPONSE opportunity, a D2D UE will alternate between ‘Monitor’ and ‘Respond’ states corresponding to the respective ‘Search’ and ‘Listen’ states in the discovery REQUEST opportunity. 
· In the ‘Monitor’ state, corresponding to a discovery REQUEST channel selected for sending a discovery REQUEST message, a D2D UE may monitor the associated discovery RESPONSE channel for discovery RESPONSE messages.
· If a D2D UE detected a discovery request message during one or more previous ‘Listen’ states it may send RESPONSE messages in the associated discovery RESPONSE channels during the ‘respond’ state. 
· Discovery RESPONSE messages from different D2D UEs sent on the same discovery response channel may be separated by orthogonal sequences from same network configured sequence group. Optionally, during the entire discovery interval ‘TREQ’, a D2D UE may track the number of times and discovery channels on which it detects ‘discovery REQUEST message’ from a particular D2D UE, and randomly selects one associated discovery response channel for transmitting the discovery response message. 
· A D2D UE may be considered as being discovered when its discovery RESPONSE message has been successfully detected by other D2D UE.
Figure 2 further illustrates an example for frequency-time multiplexed discovery channel selection for a particular UE. 
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Figure 1: Proposed discovery mechanism
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Figure 2: Example frequency-time multiplexed discovery channel selection of a UE
3 Performance Analysis
This section will provide some preliminary performance analysis results for the worst case performance of the proposed mechanism.
The worst case performance of the algorithm occurs when none of the users’ discovery REQUEST messages are discovered by each other. This may happen in the following scenarios:

· No other user listens when each user transmits its discovery REQUEST message in the ‘search’ state.
· When at least one user listens, all other users’ discovery REQUEST messages are collided at all discovery intervals (assuming that once collided they become non-resolvable). 
We can derive theoretical expressions for the probability of occurrence of above scenarios as below. Let number of users participating in the discovery process in a given discovery period be 
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, number of discovery intervals per discovery period be 
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, minimum discoverable interval be 
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, and number of frequency-multiplexed channels per discovery interval be 
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. 
1. The event ‘X=no other user listens when each user transmits its discovery Request message in the search state’ happens when all users’ search/listen patterns completely overlaps. Therefore,
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2. The event ‘Y= When at least one user listens, all other users’ discovery REQUEST signals are collided at all discovery intervals’ happens when all users who select to search may select same frequency channel for transmission at all discovery intervals.
Consider the first discovery interval. In this interval,
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It is observed that the probability of all transmitting users’ signals collide with each other in any time interval is equal to above 
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Therefore, the probability of none of the users’ discovery REQUEST messages are discovered by each other in a given discovery period is given by
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Figure 3 plots the Probability of occurrence of worst case and its components (Pr(X) and Pr(Y)) against the number of users for different values of
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. Other parameters are fixed in different scenarios.
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Figure 3: Dmin=1, Dmax=A, k=2; (a) Pr(worst case) (b) Pr(X) (c)Pr(Y)
4 Conclusion

In this contribution, we proposed a network-assisted device discovery mechanism for D2D systems operating under network coverage (general or PS). The proposed discovery method operates on the network allocated non-UE specific resources where a group of UEs contend to transmit their discovery messages in time-frequency/time-code multiplexed pool of resources. Contention among UEs is resolved using a three-dimensional approach that consists of
· Randomly selected search/listen first states

· Randomly selected discoverable interval per UE

· Randomly selected frequency/code multiplexed discovery channels at each time-multiplexed discovery channel.

This contention resolution strategy helps to increase the device discoverability within one discovery period.
Thus, we propose to include following features for device discovery solutions under network coverage.

Proposal 1: eNodeB should be configured to provide information on resource allocation for D2D discovery and additional information on D2D discovery procedure in the form of system information (SI) broadcast.

Proposal 2: Resource arrangement for D2D discovery should consist of two time-multiplexed resource blocks of which the first resource block is allocated for discovery REQUEST signals/messages transmission and the second resource block is allocated for discovery RESPONSE message transmission.
Proposal 3: The resource block allocated for discovery REQUEST signals/messages transmission should further divided into multiple time-multiplexed discovery channels that are configured by the eNodeB.

Proposal 4: Within one time-multiplexed discovery channel, there can be multiple frequency/code multiplexed discovery channels on which different UEs’ discovery REQUEST signals/messages are transmitted.

Proposal 5: There should be one unique discovery RESPONSE channel corresponding to one time-frequency/time-code multiplexed discovery REQUEST channel. 
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