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1 Introduction
In the previous RAN1 meeting it was agreed that there are three types of resource allocation mechanisms introduced for D2D discovery. 

· 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.

In the last RAN2 meeting, we have discussed the mechanisms of these three types of resource allocation and came to some agreement. In this paper, we discuss the possible problem such as congestion and collision brought by Type 1 mechanism given the feathers this allocation mechanism. 

2 Discussion

As per the RAN2 discussion, Type 1 resources are allocated on a non UE specific basis. many companies proposed many contributions to suggest that Type 1 should be considered as the baseline of the Prose discovery procedure since in terms of signalling efficiency, Type 1 is the most efficient and simplist mechanism, besides, Type 1 also supports both IDLE and CONNECTED mode. 
2.1 Congestion problem
However, it is clear that we can see in Type 1 resouce allocation mechanism, in many cases, congestion may occur in the shared resources due to too many active ProSe transmitting UEs. Operator shall be able to increase the configure the size of the Prose discovery resource pool in order to provide more Prose discovery behaviors in case there are too many UEs needs D2D service in this cell. 

In that sense, if the network allocates more resources for Prose discovery, the network has to reduce the resources of normal celluar communications. Therefore there must be a tradeoff between D2D resource usage and normal celluar communications in this congestion scenario. However, due to the previous discussions regarding the usage of Type 1 mechanism, Type 1 is a non UE specific basis mechanism, and it is agreed in the RAN2 #85: 
1
the eNB may provide in SIB …


a) a radio resource pool for discovery reception of Type 2B 


b) a radio resource pool for discovery transmission and reception in case of Type 1 

In that way Type 1 resource allocation mechanism doesn’t provide any mechanism that the network can be aware of the load of Prose usage UE and the normal celluar usage UEs so far, namely Type 1 network doesn’t know the margin that needs to be modified. If the network doesn’t know whether increase the size of Prose discovery resource pool or decrease the size, and the network also needs to know how much size the Prose discovery resource pool shall be adjusted. Thus we think that the network work shall have the flexibility of Prose discovery resource pool allocation and the type 1 mechanism shall be able to reflect the load of Prose usage UE and the normal celluar usage UEs so as to adjust the the size of the Prose discovery resource pool.
Proposal 1: the network work shall have the flexibility of Prose discovery resource pool allocation. 

Proposal 2: the type 1 mechanism shall be able to reflect the load of Prose usage UE and the normal celluar usage UEs so as to adjust the the size of the Prose discovery resource pool. 
2.2 Collision problem
In type 1 resource allocation mechanism, it is agreed in the last RAN2 meeting:

In case of Type 1, a UE autonomously selects radio resources from that indicated transmissions resource pool for discovery signal transmission.
In that sense, since the UE automomously selects radio resources from the resource pool, two or even more UE may select the same resource namely the resource collision inevitablely happens. In case there are two many Prose UEs in this cell, collision happens very frequently that the discovery procedure may cost a long time whereas the delay shall be minimized as we discussed before. If this collision can not be minimized or even avoided, the user experience will not be guaranteed especially in the public safety scenario.

Therefore we think that RAN2 shall study the feasibility and develop mechanisms to reduce or avoid the collision for Type 1 mechanism:

Proposal 3: RAN2 is asked to study the feasibility and develop mechanisms to reduce or avoid the collision for Type 1 mechanism
Discovery resources are reserved every Discovery Resource Cycle. The figure below illustrates some of our suggestion that can be used to reduce or avoid the collision.
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Figure 1. Discovery resources blocks within a discovery cycle
To simplify the resource allocation, we assume that the size of discovery resource cycles shall be fixed subframes, and the interval between each two discovery resouce cycle shall be fixed too. 
The first two subframes in figure 1 are divided into 10 Prose discovery resource blocks as an example, and the other subframes in one specific discovery resource cycle are also divided into some Prose discovery resource blocks as well, in this case, each Prose discovery resource block is labeled by an index, by which UE can map it’s discovery massage in this particular Prose discovery resource block. Therefore we have two options to decide how UE select the Prose discovery resource block index:
Options1: UE autonomously select the Prose discovery resource block index; 

Options 2: UE select Prose discovery resource block index base on standardized algorithm

Apparently options 1 can not reduce the collision since the UEs decision of the Prose discovery resource block index is unpredicted, UEs just randomly select the Prose discovery resource block from the aspect of network. So we suggest:
Proposal 4: UE select Prose discovery resource block index base on standardized algorithm
And hereby we will simply discuss the algorithm in this paper, and provide some basic priciples and observations regarding the standardized algorithm to reduce or even to aviod the collision in Type 1 mechanism. 

In order to make sure the uniqueness of Prose discovery resource block index as far as possible, the UE shall have some unique/random parameters as the input of the algorithm. IMSI (the last 4 digits may be enough)/ ProSe UE ID (one is enough since both indicate the uniqueness of the UE in a cell), the current time (second level may be enough given the limited number of UEs in a cell), frequency that the UE is working on, etc..
Amongst these parameters, we think the most necessary one is the current time, since to on single Prose UE, if the current time is not considered, one same UE will select the same resource index no regardless how many times it select, because the other parameters for a UE may not change, only the time always change, which almost means that the specific resource block is reserved for the UE, and that is definitely unacceptable for Type 1 resource allocation. The algorithm must ensure the uniqueness of the index in the same time for different UEs as far as possible. 
Proposal 5: The standardized algorithm must ensure the uniqueness of the index in the same time for different UEs as far as possible
3 Conclusion
This contribution discusses the way-forward for type 1 resource allocation machanisms to minimize and avoid the congestion and confusion and gives some proposals on these point. 
RAN2 is requested to discuss the following proposals and agree to the following proposals.
Proposal 1: the network work shall have the flexibility of Prose discovery resource pool allocation. 

Proposal 2: the type 1 mechanism shall be able to reflect the load of Prose usage UE and the normal celluar usage UEs so as to adjust the the size of the Prose discovery resource pool. 
Proposal 3: RAN2 is asked to study the feasibility and develop mechanisms to reduce or avoid the collision for Type 1 mechanism
Proposal 4: UE select Prose discovery resource block index base on standardized algorithm
Proposal 5: The standardized algorithm must ensure the uniqueness of the index in the same time for different UEs as far as possible
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