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1. Introduction
During RAN1#73 meeting, the following agreements for D2D discovery procedure were made:
	At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 

· 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

Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions.


D2D discovery resource allocation within network coverage is under network management and control, which is different from the case of out of network coverage. In this contribution, we will discuss this issue of D2D discovery resource allocation within network coverage.
2. Discussion
2.1. Coordination of Resource Allocation
2.1.1 Requirement

For D2D discovery within network coverage, D2D discovery resources are under network management and control. UE acquires D2D discovery resources via eNB. During D2D discovery procedure, UE acts as Announcing UE or Monitoring UE. Announcing UE or Monitoring UE may be on the edge of two cells, e.g. Monitoring UE2 in Figure 1. A pair of Announcing UE and Monitoring UE may be belonging to different cells, e.g. Announcing UE1 and Monitoring UE2. At the same time, Announcing UE3 is broadcasting its D2D discovery signaling. If D2D discovery resources are not coordinated between the two cells, Monitoring UE2 would suffer serious interference and D2D discovery procedures would fail.
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Figure 1: D2D Discovery Resource Allocation without Coordination
Proposal 1: D2D discovery resource allocation should be coordinated amongst cells.
2.1.2 Resource Allocation Coordination Methods
There are two possible methods to realize D2D discovery resource coordination: centralized and distributed coordination.

Alt1: Centralized Coordination
In the method, a new logical entity (D2D Discovery Control Entity, D2D DCE) is introduced, which is similar to the MCE entity of MBMS architecture. The D2D Discovery Control Entity is responsible for managing the D2D discovery resources used by all cells in the D2D Discovery Area. Figure 2 depicts the logical architecture. The main function of D2D Discovery Control Entity is to allocate D2D discovery resource and inform it to for Announcing UE and Monitoring UE via eNB.

[image: image2.emf]eNB

D2D Discovery 

Control Entity

|

MME

|

eNB

|

eNB

|


Figure 2: Centralization Logical Architecture
Alt2: Distributed Coordination
In this method, cells supporting D2D discovery should exchange the D2D discovery resource allocation status with neighbor cells through X2 or S1 interface. The exchanged information may include:

· The D2D discovery resources allocated in the cell. Based on the information, neighbor cells can allocate different D2D discovery resources to avoid conflict; or
· The D2D discovery resources used for D2D discovery boundary area which may introduce interference to neighbor cells. This information may improve the efficiency of the D2D discovery resources.
The brief comparison between the two methods is shown in Table1.
Table1. Comparison between coordination methods

	
	Centralized Coordination
	Distributed Coordination

	Impact on architecture
	New logical entity;
New interface between the new logical entity and eNB.
	No.

	Information to exchange
	Between D2D DCE and eNB:
· The allocated resource for D2D discovery;
	Amongst eNBs:
· The D2D resource used by each eNB;

	Resource coordination complexity
	Simple, 
D2D DCE is responsible for all resource allocation within its controlled D2D area.
	Complex, 
it is complex to coordinate D2D resources amongst more than two cells.

	Impact on eNB
	New interface and new message
	New information/message and D2D Discovery resource allocation algorithm.


Proposal 2: Suggest RAN2 to consider the Centralized and Distributed coordination methods for D2D discovery resource allocation amongst cells.
2.2. Types of Resource Allocation
According to the agreements reached in RAN1#73 meeting, the possible methods to inform UE of D2D discovery resource within network can be divided into two types: broadcast and dedicated. For Announcing UEs or Monitoring UEs, they can acquire D2D discovery resources with broadcast or dedicated signaling respectively. The possible combinations are shown in Table2.
Table2.  Combinations for Announcing and Monitoring UE
	Combinations ID
	Announcing UE
	Monitoring UE

	1
	Broadcast
	Broadcast 

	2
	Dedicated signaling
	Broadcast

	3
	Dedicated signaling
	Dedicated signaling


Note: When an Announcing UE acquires D2D discovery resource via broadcast, network can not predict which D2D discovery resource the announcing UE will choose. Therefore, it is not possible for network to inform the interested Monitoring UE via dedicated mode.

Combination1: Broadcast & Broadcast
In this combination, both Announcing UE and Monitoring UE obtain D2D discovery resources via broadcast.  There are some issues should be solved for this combination: 
1) How to choose the D2D discovery resource for announcing UE?

2) Different announcing UE may select the same announcing resource, how to detect and resolve the contention?  
· Contention detection
Normally, UE detects contention according to whether response is received or not. But for D2D discovery, no response maybe caused by no interested monitoring UE or contention. It is hard to differ the two cases.
· Contention resolution
Contention resolution may reuse existing mechanisms such as CSMA/CA or RA, but also needs additional standardization work.

3) D2D discovery UEs may out of operator’s control. Vicious Announcing UEs may continue occupying D2D discovery resources.

4) Monitoring UE may monitor all D2D discovery resources in order to find its interested announcing UE. How to make it efficient?
Combination2: Dedicated & Broadcast

Network allocates the dedicated D2D discovery resources for each Announcing UE. Monitoring UEs get the common monitoring resources via broadcast. The possible impacts on standard include:

1) How does network inform Announcing UEs about the dedicated D2D discovery resources?

2) To assist network with D2D discovery resource allocation, whether UE need to report some assistant information? Which information network needs to know?

3) How does the Monitoring UE monitor D2D discovery signaling efficiently?

Combination3: Dedicated & Dedicated

Network allocates the dedicated D2D discovery resource for each Announcing UE and Monitoring UE. The following impacts need to be considered:

1) How does network inform Announcing UEs and Monitoring UEs about the allocated D2D discovery resources?

2) To assist network with D2D discovery resource allocation, whether UEs need to report some assistant information? Which information network needs to know?
Considering the complexity and operator controllable, Combination2 and Combination3 are suggested to be studied with high priority.

Proposal 3: Suggested to prioritize the following two resource allocation types in the SI:

· Announcing UE acquires D2D discovery resource via dedicated signaling, while Monitoring UE via broadcast;

· Both Announcing UE and Monitoring UE acquire D2D discovery resource via dedicated signaling.
3. Conclusion

In this contribution, we discuss the considerations on D2D discovery resource coordination and resource allocation. And it is proposed:
Proposal 1: D2D discovery resource allocation should be coordinated amongst cells.
Proposal 2: Suggest RAN2 to consider the Centralized and Distributed coordination methods for D2D discovery resource allocation amongst cells.
Proposal 3: Suggested to prioritize the following two resource allocation types in the SI:

· Announcing UE acquires D2D discovery resource via dedicated signaling, while Monitoring UE via broadcast;

· Both Announcing UE and Monitoring UE acquire D2D discovery resource via dedicated signaling.
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