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1 Introduction

During RAN1#74 [1], following agreements were made regarding discovery resource allocation.

Agreement:

· 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

Further, during RAN1#74bis [2], the following working assumptions were made regarding Type 1 Discovery, which is a discovery procedure where resources for discovery signal transmission are allocated on a non-UE specific basis (for all D2D-UEs or a group of D2D-UEs).
Working assumption for the purpose of further evaluation:

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

Based on our previous submission to RAN1#75 [3], we aim to emphasise a method for allocating/selecting resources for discovery signal transmission to maximise the device discoverability.   
2 Discussion
This contribution proposes a method for allocating/selecting resources for discovery signal transmission under network coverage based on the details described in our previous contribution to RAN1#75 [3]. 

According to aforementioned agreement and working assumption, cellular UL resources are semi-statistically allocated by the network for all UEs or a group of UEs participating in the D2D communication. As described in [3], this semi-static resource allocation can be done as follows in order to maximise the device discoverability.
· 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’ as further illustrated in Figure 1 of [3].
· The resource block set for ‘discovery REQUEST messages’ further consists of multiple time-multiplexed discovery channels on which at least one or more frequency multiplexed discovery channels are mapped. Each of these time-frequency multiplexed discovery channel 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.
· Within the resource block set allocated for ‘discovery REQUEST messages’ D2D-UEs contend to transmit discovery signals, and within the resource block set allocated for ‘discovery RESPONSE messages’ D2D-UEs who received others discovery messages may choose to respond. Our previous submission [3] further described a mechanism for D2D-UEs to perform Type 1 discovery. The proposed discovery method resolves contention among D2D-UEs using a three dimensional approach that consists of 

· Randomly selected search/listen first states

· Randomly selected discoverable interval per UE

· Randomly selected frequency multiplexed discovery channels at each time-multiplexed discovery channel.
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Figure 1: Resource allocation for discovery.
The worst case performance of the Type 1 discovery mechanism proposed in [3] occurs when none of the D2D-UE’s 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). 

The theoretical expressions for the probability of occurrence of above scenarios can be written as 
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Equation 1
where 
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 is the number of users participating in the discovery process in a given discovery period;  
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 is the  number of discovery intervals per discovery period;  
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 are the maximum and  minimum discoverable intervals respectively;  
[image: image7.wmf]k

 is the number of frequency-multiplexed channels per discovery interval.
Figure 2 plots the probability of occurrence of worst case against the number of users for different values of discovery intervals per discovery period 
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.  Figure 2 shows a good match between theory and simulations for probability of occurrence of the worst case.  According to Figure 2, the probability of occurrence of the worst case in a given discovery interval reduces with increased number of D2D UEs participate in the discovery, and is always less than 25%. This means that there is a high probability (75%) of discovering at least one other UE during a given discovery interval (subjected to the proximity of UEs). 
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Figure 2: Pr(worst case).
3 Conclusion

In this contribution we emphasised a method, presented in detail in [3], for allocating/selecting resources for discovery signal transmission to maximise the device discoverability.  Accordingly, following proposals are made.
Proposal 1: 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 2: The resource block allocated for discovery REQUEST signals/messages transmission should be further divided into multiple time-multiplexed discovery channels that are configured by the eNodeB.

Proposal 3: Within one time-multiplexed discovery channel, there can be multiple frequency multiplexed discovery channels on which different UEs’ discovery REQUEST signals/messages are transmitted.

Proposal 4: There should be one unique discovery RESPONSE channel corresponding to one time-frequency multiplexed discovery REQUEST channel. 
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