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1 Introduction

Significant progress was achieved on type-1 discovery, notably at RAN1#74. However, a few issues still need to be addressed:

· The determination of the discovery resource pool: some resources, most likely subframes, need to be reserved for the transmission of the discovery signals. The eNB needs to assign these resources.

· Whether or not combining should be considered: with combining, the transmissions over multiple physical resources are max-ratio-combined to achieve energy gain.

In this contribution, we examine these two issues. It is shown that the discovery pool size needs to be adjusted based on the UE density, and that combining can significantly help discovery detection.
2 Discovery resource pool

A central node should be responsible for allocating enough resources for potential announcing UEs within a given area. For type 1 discovery, the discovery resource pool should be semi-statically set by the central node and then broadcasted to UEs participating in the discovery process. Two options can be considered to decide the size of resource pool. 

Option 1: The central node assigns a fixed number of resources for discovery (e.g., 1%). However, depending on the scenario, the number of resources could be inappropriate. For example, due to limited knowledge about idle UEs, there could be a mismatch between the size of resource pool and the number of announcing UEs within coverage. Such a mismatch could waste resources or cause a high collision rate of discovery signals from nearby UEs resulting in low discovery performance. 
Option 2: Some adaptation mechanisms based on UE reports could be used by the central node to adjust resource allocation according to the actual need of discovery resources.
· A receiving UE could keep monitoring the usage of allocated discovery resource pool, that is, the ratio of discovery units used within all the available resources. Whether a discovery unit is used can be identified by this UE according to the received power level in this unit or the successful detection of a discovery signal in this unit. In case some predefined criteria are satisfied, e.g., a large number of unused discovery units is observed for a long time, this UE can report this observation to the central node, which can decide to reduce the size of discovery resource pool if many such reports are collected. In addition, central node (usually capable of detection of discovery signal) itself could also detect the usage of current discovery resource pool. 
· A receiving UE may find that there is high received power in some discovery units but no discovery message can be decoded. Such situation can be an indication of discovery signal collision in this unit. If many such collisions are observed for a long time, this UE can inform the central node.
Once the decision of discovery resource pool change is made, the central node should broadcast the change message to all D2D discovery UEs (both announcing and receiving UEs). Note that the idle UEs should switch to RRC-Connected mode before reporting.
Proposal 1: D2D UE and/or central node should monitor and report the usage of allocated discovery resource pool to assist the determination of size of discovery resource pool. 
3 Benefits of joint reception across multiple discovery cycles 
In a previous contribution [1], we showed how the SINR target affected the discovery probability, and how modifying the coding rate affected the performance. Here, we quantify the benefits at the system level. Three schemes are compared:

· Scheme 1: no reception combining;
· Scheme 2: Max Ratio Combining (MRC) of 2 previously received transmissions  
· Scheme 3: max ratio combining of 4 previously received transmissions 
Note that when MRC is used, it is assumed ideal.
Figure 1 shows the discovery performance for different schemes using the agreed simulation assumptions. It appears that the discovery performance can be significantly improved by combining. Thus, combining should be considered. Note that in terms of UE implementation, there is a small cost to pay, since the UE needs to buffer the previous receptions. Thus, more memory is needed.

Proposal 2: Combining across several transmissions should be used to improve discovery performance. 
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Figure 1. Discovery performance with different reception combining schemes
4 Conclusion
In this contribution, some proposals on the design principles of resource allocation for type 1 discover are discussed and following observation and proposals are given: 

Proposal 1: D2D UE and/or central node should monitor and report the usage of allocated discovery resource pool to assist the determination of size of discovery resource pool. 
Proposal 2: Combining across several transmissions should be used to improve discovery performance. 
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