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1 Introduction
At RAN1#73b, three types of D2D discovery were introduced:

· 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

While type-1 and type-2 were defined, so far there is no agreement about when to use which type. In this contribution, we show how these two types of discovery can be used in a complementary manner to provide optimal system performance.
2 
Low density areas
In a first case, let consider an environment where the density of UEs is low, in the order of twenty per cell or so. Type-1 discovery can be used. However, the discovery subframes for type-1 cannot be too sparse in order to maintain the discovery time reasonably low. Furthermore, the UEs have to transmit their discovery signal relatively often, which leads to a significant power consumption for performing type-1 discovery.

On the other hand, type-2 is more efficient. Essentially, type-2 discovery is an on-demand discovery process where resources are allocated only when needed. On the other hand, type-1 resources are allocated indefinitely, thus consumes more transmission resources. Consequently, type-2 discovery does not suffer the same shortcomings as type-1 discovery: it can be fast, and consume very little power.

· Observation 1: For low density environments, type 2 is more efficient that type 1

3 
Medium density areas
When the density of UEs increases, it is inefficient to solely rely on type-2 discovery. As the density increases, so does the overhead associated with type-2 discovery.  However, there are many use cases where type-2, and especially type-2a is valuable. Type-2a can determine the proximity of a target UEs in an extremely fast manner: the discovery can be done using the existing channels and signals, and the proximity determination time is only determined by the LTE channel timelines. Proximity determination can be achieved in less than 100 ms for type-2a discovery, as opposed to seconds, if not minutes. As an example, Figure 1 shows the discovery time for type-1 discovery with 150 UEs per cell, and a discovery overhead of 1 %: 1% of the uplink subframes are allocated for discovery. More details are given in [1]. As it can be seen, after 2,000 subframes (20 seconds), the number of discovered UEs has not reached a plateau yet. These discovery times are too high for some application and use cases.
· Observation 2: For high density environments, type-1 is too slow for some UEs/services. Type-2a offers a fast discovery alternative.
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Figure 1. Number of discovered UEs vs. time.
4 High density areas

It can be shown that the higher the density, the lower the discovery range. In particular, for the case of very high UE densities, e.g. in a stadium or in an auditorium, it is nearly impossible to discover UEs that are not close neighbors: there is a high probability that on a given subframe, one UE close-by will transmit a discovery signal. The in-band emission of this signal will mask any other discovery transmission signal from UEs farther ahead. Thus, this severely limits the discovery range, although communication with UEs farther away is possible. 
In such a case, type-2a discovery is useful because it does not suffer from range degradation: the transmission of the discovery signals are coordinated by the eNB and can occur on existing LTE channels. Thus, as long as the UE schedules UEs in a way to avoid large in-band interference, type-2a discovery does not have any range limitation.

· Observation 3: type-2a discovery does not summer the same range limitation as type-1 discovery for high UE density environments
Note also that the previously mentioned advantage of type-2a discovery for medium density environments: fast discovery, is also applicable for high-density environments.
5  Conclusion
The benefits of type-2a were discussed. The following observations were made:

· Observation 1: For low density environments, type 2 is more efficient that type 1

· Observation 2: For high density environments, type-1 is too slow for some UEs/services. Type-2a offers a fast discovery alternative.

· Observation 3: type-2a discovery does not summer the same range limitation as type-1 discovery for high UE density environments
It clearly appears that type-1 and type-2a discovery should be used in a complementary manner for providing optimal discovery performance regardless of the environment and of the scenario/application used. Thus, we propose the following:

· Proposal: At least both type-2a and type-1 discovery solutions will be supported.
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