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1
Introduction
In this document we consider from two aspects the control of discovery resource use. In section 2, we extend the discussion on distributed load control of our previous contribution [1]. We note that the same principle of load control could possibly be applied also for D2D broadcast communication. Although distributed load control might not fit to the scope of Rel. 12, it could be reasonable to prepare for its easy implementation in later releases. Moreover, we discuss a PDCCH mechanism for instantaneous control of the discovery resource use in this contribution.
2
Load control 
In the baseline discovery resource allocation [2], UE selects randomly one resource from a number of resources within a discovery period and the load on discovery resources can be adjusted by changing the number of resources in the period (most simply by changing the length of the period in time while keeping the resources constant). Alternatively, the rate at which a UE is using the resources could be determined by a transmission probability parameter p that the UE applies when deciding if it is going to utilize a transmission opportunity. In [1], we discussed the problem of load control and noted that centralized control by eNB may not be an optimal solution. The main reason for this is eNB’s inability to estimate and control the load locally: although eNB perhaps could set the load to be on the average at the right level, the load could be too high in some parts of the cell while the resources could be underutilized in some other parts of the cell. Therefore we proposed that distributed load control should be considered and referred to [3] for an example of a distributed load control in a slotted Aloha system. In [1], we concentrated on discovery but the same considerations could apply equally for communication if that is based on contention based resource allocation.

Following [3], the distributed load control could be realized by UEs tuning their transmission probabilities (or discovery periods in the baseline system) taking into account the load they observe in the system and the information they gather on the transmission probabilities used by the other UEs. In the simplest form this could be done according to the equation

p(n) = p(n-1) + (load(load_target - load_estimate) + (p( mean_p – p(n-1)),      
where p(n) is UE’s TX probability at the update round n, (load and (p are coefficients for tuning according to the load and mean transmission probabilities, respectively, load_target is the target load set by the network, load_estimate is the load estimated by the UE, and mean_p is the mean of the transmission probabilities of the other UEs. The load estimate could be generated by counting the number of detected discovery signals and/or unused discovery resources i.e. resources where the pilot power is observed to be below a threshold. The variable mean_p would be obtained from the p’s of the other UEs i.e. from the TX probability values that the other UEs are using and which they have attached to the discovery signals. When all the UEs tune their TX probabilities according to the equation, the system reaches a situation where UEs transmit with (locally) equal probabilities and the load is (locally) at the target value.   
Some modifications to the simple model above would likely be needed as the model does not take into account that all UEs cannot be dealt with in the same way. For instance, some privileged UEs might be allowed to use a larger share of the resources than an average UE. On the other hand, it makes no sense that UEs would be forced to transmit discovery signals at the rate defined by the equation if a lower rate would be sufficient or desired, e.g. to save battery. We propose that the outlined and other distributed load control systems are studied further. Although detailed specification could be out of the scope of Rel. 12, it could be sensible to reserve in the discovery signal a byte for L1/L2 signalling for the needs of load control and other future features. The presented load control system would use a few bits of the reserved byte for UE’s TX probability indication. The reserved bits would thereby enable the implementation of future features as load control in a backward compatible manner: UEs of Rel. 12 would not utilize the new feature but could in any case decode the discovery signals that are sent by later release UEs. 
Proposal 1: Consider a distributed load control system for contention based access in discovery and communication. If seen useful for discovery, prepare for implementation of it (and other new features) in the later releases by reserving in the Rel. 12 specification a byte in the discovery signal for L1/L2 information of new features. 
3
Temporary release of discovery resources
Network may adapt to the discovery needs by changing the semi-static allocation of the resource pool or the parameters that govern the use of contention based resources (e.g. TX probability).  If this control is done by changing the system information it may be too slow in situations where eNB needs to release discovery resources for cellular transmissions or when the discovery resources become overloaded. For faster control of the resources, L1 signalling with a new DCI could be introduced. All discovery signal transmitting UEs could be requested to read from PDCCH which of the semi-statically allocated resources are actually available for discovery. One DCI element could carry this kind of information for multiple subframes with discovery resources, as depicted in Figure 1. The new DCI would be addressed with a D2D-RNTI, and besides indicating the actually available resources, it could carry also other discovery related information, like signalling the rate at which UEs are allowed to utilize the discovery resources if centralized instead of distributed load control is in use for the Type 1 (contention based) resource allocation.
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Figure 1. Fast control of the use of discovery resources.

Proposal 2: Consider PDCCH signalling for rapid control of the use of semi-statically allocated discovery resources.
4
Conclusion 
We discussed controlling discovery resource use and made the following proposals:
Proposal 1: Consider a distributed load control system for contention based access in discovery and communication. If seen useful for discovery, prepare for implementation of it (and other new features) in the later releases by reserving in the Rel. 12 specification a byte in the discovery signal for L1/L2 information of new features.  
Proposal 2: Consider PDCCH signalling for rapid control of the use of semi-statically allocated discovery resources.
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