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1
Introduction
At RAN#63 plenary meeting, the work item on LTE device to device (D2D) proximity services was approved [1]. One objective of this work item is to enable intra-cell and inter-cell D2D discovery in network coverage. According to the agreements reached during the study item as captured in TR 36.843 [2], eNB may provide resource pool information in SIB for supporting intra-cell discovery. 
•
The eNodeB may provide in SIB:


–
A radio resource pool for discovery transmission and reception in case of Type 1.


–
A radio resource pool for discovery reception of Type 2B. 


Editor’s Note: It is FFS how resource pools information is provided for inter-cell discovery.
Besides, it was also agreed in the last RAN2 meeting that eNB may provide resource pool information in SIB for supporting inter-cell discovery. However, the details are still FFS.
•
The eNB may provide D2D reception discovery resources in SIB. These may cover resources used for D2D transmission in this cell as well as resources used in neighbour cells. (Details FFS)
In this contribution, we focus on synchronous cell deployments and discuss how Type 1 and Type 2B resource pools are allocated among cells. 
2 Discussion
There are three options which had been proposed in [3] for allocating the discovery resource pools among cells. 
· Option 1: Fully Non Overlapped Discovery Resources
The radio resource pools indicated in SIBs for discovery transmission and reception in case of Type 1 (for discovery reception of Type 2B) are fully non-overlapped between any two neighboring cells. In this option, additional resource pool information of neighboring cells may be needed for supporting inter-cell discovery reception.
· Option 2: Fully Overlapped Discovery Resources
The radio resource pools indicated in SIBs for discovery transmission and reception in case of Type 1 (for discovery reception of Type 2B) are fully overlapped in all cells. In this option, no additional resource pool information is needed.
· Option 3: Partially Overlapped Discovery Resources
The radio resource pools indicated in SIBs for discovery transmission and reception in case of Type 1 (for discovery reception of Type 2B) are partially overlapped in all cells. More specifically, in this approach the discovery resources in each cell starts at the same time (e.g. same subframe) like the option 2 but the number of discovery resources may be different between cells. Therefore, in this option additional resource pool information of neighboring cells may also be needed for supporting inter-cell discovery reception.
Some comparisons between these options had been made in [3] and are summarized in the following table.
	
	Option 1: Fully Non Overlapped Discovery Resources
	Option 2: Fully Overlapped Discovery Resources
	Option 3: Partially Overlapped Discovery Resources

	Discovery resource specific to cell load
	Possible  
	No 
	Possible 

	Interference between discovery and infrastructure signals
	· Interferences will happen.
· One possible way is to avoid using the interfered subframes for infrastructure transmissions.
	No interference
	Interferences will happen, but the probability is smaller than option 1.

	Coordination amongst the neighboring cells for configuring discovery resources
	Complex coordination
	Not needed
	Simple coordination

	Collision among discovery channel transmissions
	No collision
	· Collisions may occur. 

· The probability is low for Type 1 discovery transmissions.
· Coordination between neighboring cells may be needed for Type 2B discovery resources.
	· Collisions may occur. 

· The probability is low for Type 1 discovery transmissions.

· Coordination between neighboring cells may be needed for Type 2B discovery resources.


In the following discussion, we provide our views on these options in each criterion.

Discovery resource specific to cell load:

In view of resource utilization, it may be good to allocate discovery resources based on the discovery and infrastructure loads in a cell. However, it is not clear whether the saved resources are significant. According to the simulation assumptions for D2D discovery in [2] (i.e., Table 10.1-2), the percentage of subframes configured for discovery is about 0.3 ~ 3%. Based on the assumptions, the resources saved from allocating discovery resources based on loads may be negligible. 
Besides, we think the unused resources in the radio resource pool indicated in SIB for discovery reception of Type 2B can be allocated for infrastructure transmissions. The resource utilization can also be improved without adjusting the size of Type 2B resource pool.
Interference between discovery and infrastructure signals:
Reception of discovery signals (infrastructure signals) may be interfered by infrastructure signals (discovery signals) if a discovery subframe in a cell is a non-discovery subframe in a neighboring cell. Such subframes exist when option 1 or option 3 is applied to the radio resource pools indicated in SIBs for discovery transmission and reception in case of Type 1. Besides, if the unused resources in the radio resource pool indicated in SIB for discovery reception of Type 2B can be allocated for infrastructure transmissions, such subframes also exist even if option 2 is applied.
One possible solution is to avoid using such subframes for infrastructure transmissions, but it will lead to wastage of resources. Alternatively eNB can allocate such subframes only for the UEs which are close to itself for infrastructure transmissions. This solution can mitigate the interference on discovery signal receptions from infrastructure signals, and we think the interference on infrastructure signal receptions from discovery signals may not be a big issue if the distances between eNBs are large enough. 
Coordination amongst the neighboring cells for configuring discovery resources:
Some possible purposes of coordination among neighboring cells are analysed as follows.
· Purpose 1: If option 1 is applied, neighboring cells may need to coordinate with each other to have fully non-overlapped discovery resource pools. If the sizes of resource pools can be changed with respect to the cell loads, such coordination may be frequent and complex.
· Purpose 2: If option 2 is applied, all cells may need to coordinate with each other to have fully overlapped discovery resource pools. This coordination is infrequent and not mandatory if pre-configured parameters of discovery resource pools are provided.
· Purpose 3: If option 1 or 3 is applied, neighboring cells may need to exchange each other’s resource pool information and then broadcast the information in SIB for supporting inter-cell discovery reception. If the sizes of resource pools can be changed with respect to the cell loads, such information exchange may be frequent. Alternatively a fixed resource pool for discovery reception can be provided in SIB and the radio resource pools indicated in the SIBs of neighboring cells shall always be the subset of the fixed pool.
· Purpose 4: If option 2 or 3 is applied to the radio resource pools indicated in SIBs for discovery reception of Type 2B, neighboring cells may need to coordinate with each other to avoid allocating the same resource to two UEs which are in each other’s neighborhood. Such coordination may be frequent.
Although it had been agreed at RAN#63 plenary meeting that there is no standardized inter-cell coordination based on X2 or air interface [4], the overheads and impacts of possible coordination should still be considered when inter-cell discovery is discussed. 
Collision among discovery channel transmissions:
In case of Type 1 discovery, a transmitting D2D UE will autonomously select radio resources from the resource pool indicated in its camped cell for discovery signal transmission. Therefore a collision avoidance mechanism (e.g., listen before transmit) may be needed even if intra-cell discovery is only supported. Such collision avoidance mechanism can also mitigate the collision between the discovery channel transmissions across cells. On the other hand, the radio resources are allocated by RRC in case of Type 2B. As we discussed in coordination purpose 4, collision may occur when the same resource is allocated to two UEs which camp on different cells but are in each other’s neighborhood.
Based on the above discussion, the pros and cons of applying the three options to Type 1 resource pool are summarized in the following table. Consequently we have proposals 1 and 2.
	For Type 1 
	Option 1: Fully Non Overlapped Discovery Resources
	Option 2: Fully Overlapped Discovery Resources
	Option 3: Partially Overlapped Discovery Resources

	Discovery resource specific to cell load
	· Whether the saved resources are significant should be clarified further.
	No 
	· Whether the saved resources are significant should be clarified further. 

	Interference between discovery and infrastructure signals
	· Interferences will happen.

· An interference mitigation mechanism may be needed.
	No interference
	· Interferences will happen, but the probability is smaller than option 1.
· An interference mitigation mechanism may be needed.

	Coordination amongst the neighboring cells for configuring discovery resources
	· Complex and frequent coordination for purposes 1 and 3
· A fixed resource pool for discovery reception can be provided in SIB to avoid frequent information exchange for purpose 3.
	· Infrequent and not mandatory coordination for purpose 2
	· Simple coordination for purpose 3
· A fixed resource pool for discovery reception can be provided in SIB to avoid frequent information exchange for purpose 3

	Collision among discovery channel transmissions
	· Collisions may occur. 
· A collision avoidance mechanism may be needed.
	· Collisions may occur. 

· A collision avoidance mechanism may be needed.
	· Collisions may occur. 

· A collision avoidance mechanism may be needed.


Proposal 1: As baseline the radio resource pool provided in SIB for discovery transmission and reception in case of Type 1 is fully overlapped among all cells. No additional resource pool information is provided for inter-cell discovery.
Proposal 2: It is FFS whether the radio resource pool provided in SIB for discovery transmission and reception in case of Type 1 can be partially overlapped among cells.
Similarly the pros and cons of applying the three options to Type 2B resource pool are summarized in the following table. Consequently we have proposal 3.

	For Type 2B 
	Option 1: Fully Non Overlapped Discovery Resources
	Option 2: Fully Overlapped Discovery Resources
	Option 3: Partially Overlapped Discovery Resources

	Discovery resource specific to cell load
	· It is not needed because the unused resources can be allocated for infrastructure transmissions.
	· It is not needed because the unused resources can be allocated for infrastructure transmissions.
	· It is not needed because the unused resources can be allocated for infrastructure transmissions.

	Interference between discovery and infrastructure signals
	· Interferences will happen.

· An interference mitigation mechanism may be needed.
	· Interferences will happen if the unused resources are allocated for infrastructure transmissions.
· An interference mitigation mechanism may be needed.

	· Interferences will happen, but the probability is smaller than option 1.
· Interferences will happen if the unused resources are allocated for infrastructure transmissions.
· An interference mitigation mechanism may be needed.

	Coordination amongst the neighboring cells for configuring discovery resources
	· Infrequent and not mandatory coordination for purposes 1 and 3
	· Infrequent and not mandatory coordination for purpose 2
· Frequent coordination for purpose 4
	· Infrequent and not mandatory coordination for purpose 3

· Frequent coordination for purpose 4

	Collision among discovery channel transmissions
	No collision
	· Collisions may occur. 
	· Collisions may occur.


Proposal 3: As baseline the radio resource pool provided in SIB for discovery reception of Type 2B is fully non-overlapped between any two neighboring cells. Additional resource pool information shall be provided in SIB for inter-cell discovery.
3 Conclusions

In this document, we focus on synchronous cell deployments and discuss how Type 1 and Type 2B resource pools are allocated among cells. Based on the conclusions of the discussion, RAN2 is asked to take the following proposals into account.
Proposal 1: As baseline the radio resource pool provided in SIB for discovery transmission and reception in case of Type 1 is fully overlapped among all cells. No additional resource pool information is provided for inter-cell discovery.
Proposal 2: It is FFS whether the radio resource pool provided in SIB for discovery transmission and reception in case of Type 1 can be partially overlapped among cells.
Proposal 3: As baseline the radio resource pool provided in SIB for discovery reception of Type 2B is fully non-overlapped between any two neighboring cells. Additional resource pool information shall be provided in SIB for inter-cell discovery.
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