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1 Introduction
In this paper we discuss how a D2D UE perform inter cell discovery and whether coordination amongst the neighboring cells is needed or not to facilitate inter cell discovery.
2 Discussion
As per the RAN2 agreements (from meeting #83 and #83bis) captured in R2-133699 [1], “RAN2 will focus on a D2D ProSe discovery mechanism for in-coverage (scenarios 1C and 1D).” A discovering D2D UE should be able to discover a discoverable D2D UE in its proximity irrespective of whether the discoverable UE is associated with the same cell as discovering UE or not.
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Figure 1 In-coverage D2D Discovery Scenario
A D2D UE transmitting the discovery information transmits the discovery signal using the discovery resources configured/assigned in its camped cell. In case of inter-cell discovery (scenario 1D), the neighboring cell associated with the receiving D2D UE may be operating on same frequency or different frequency. The neighboring cell associated with the receiving D2D UE may be time synchronized (at radio frame level) or may not be time synchronized with the cell of transmitting D2D UE.
How does the receiving D2D UE perform inter-cell discovery in the above scenarios? Do the neighboring cells need to coordinate with each other to facilitate inter cell discovery? If yes, what kind of coordination is performed between the cells? 

2.1 Synchronous Cell Deployment
In case of synchronous cell deployment the neighbor cells operates on same frequency and are time synchronized. The discovery resources amongst the neighboring cells can be coordinated to have fully non overlapping discovery resources or partial overlapping of discovery resources or fully overlapping discovery resources.
2.1.1 Fully Non Overlapped Discovery Resources

In this approach, neighboring cells coordinate with each other to have fully non overlapped discovery resources as illustrated in Figure 2. The number of discovery resources configured in the cell is specific to load (discovery and infrastructure) in the cell. 
The transmitting D2D UE transmits the discovery information in the discovery resources configured in its camped cell. The receiving D2D UE monitors the discovery resources not only in its camped cell but also in its neighboring cell(s). The receiving D2D UE monitors the discovery resources configured in its camped cell only when it is not transmitting in the discovery resources in its camped cell. 
The neighbor cell’s discovery resource information is broadcasted in the cell to assist the D2D UE to monitor the discovery resources of neighbor cells. Each cell broadcasts the following information to assist the D2D UE in inter cell discovery:
Discovery Resource Pool 1: This pool consists of discovery resources configured in the cell. The D2D TX UE uses the discovery resources in this pool for transmitting discovery information.
Discovery Resource Pool 2: This pool consists of discovery resources in the neighbor cells. The D2D RX UE uses the discovery resources in Discovery Resource Pool 1 and Discovery Resource Pool 2 for receiving the discovery information.
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Figure 2 Non Overlapped Discovery Resources in Synchronous Cell Deployment

Discovery Resource Specific to Cell Load: In this approach, discovery resources in a cell can be configured with respect to the load (discovery and infrastructure) in the cell. 

Interference between discovery and infrastructure signals: Interference between the discovery signal transmissions and infra-structure signal transmissions will happen as the discovery subframe in a cell is a non discovery subframe in neighbour cell. As a result both reception of the discovery signals and reception of the intra-structure signals will suffer. Various interference scenarios are illustrated in Appendix. One possible way to prevent this interference is that a non discovery subframe in a cell corresponding to the discovery subframe in neighbour cell is not used for infrastructure transmissions. But this will lead to wastage of large number of resources. Even if the % of subframes configured for discovery in a cell is much less than the subframes configured for infrastructure transmissions, the interference is there for several subframes (sum of discovery subframes of all neighbour cells).
Coordination amongst the neighbor cells for configuring discovery resources: Besides exchanging each other’s discovery resource information for broadcasting in SIB, the neighboring cells needs to coordinate with each other so that the discovery subframes do not overlap. This coordination can be quite complex as the discover resource configuration is semi static in nature and each cell can have many neighbor cells. 
In this approach if the discovery subframes of the cell and its neighbor cells are not contiguous then a connected mode D2D UE communicating with eNB will require additional gaps at different intervals to monitor the discovery resources of neighboring cells. This will also impact idle mode D2D UEs power saving as the D2D UE has to wake up at different interval to monitor the discovery resources of the neighbor cells. These issues can be avoided by coordination between the neighbor cells such that discovery subframes of the cell and its neighbor cells are contiguous. However the coordination will become more complex.  
Collision among discovery channel transmissions: There is no collision between the discovery channel transmissions across cells as discovery resources in the neighbor cells are different.

Observation 1: Fully non overlapped discovery resource facilitates configuration of discovery resources with respect to load (discovery and infrastructure) in the specific cell

Observation 2: Fully non overlapped discovery resource across the cells leads to interference between UE-eNB transmission and discovery channel transmissions for several subframes (sum of discovery subframes of all neighbour cells).
Observation 3: Coordination between the neighbor cells to configure non overlapping discovery resources can be quite complex as the discover resource configuration is semi static in nature and each cell can have many neighbor cells.

2.1.2 Fully Overlapped Discovery Resources

In this approach, each cell configures same discovery resources as illustrated in Figure 3. Neighboring cells coordinate with each other to have fully overlapped discovery resources or discovery resources for each cell may be pre-configured.
The transmitting D2D UE transmits the discovery information in the discovery resources configured in its camped cell. The receiving D2D UE also monitors the discovery resources configured in its camped cell. The receiving D2D UE monitors the discovery resources configured in its camped cell only when it is not transmitting in the discovery resources in its camped cell. 
Each cell broadcasts the discovery resources configured in the cell.
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Figure 3 Fully Overlapped Discovery Resources in Synchronous Cell Deployment
Discovery Resource Specific to Cell Load: In this approach it is not possible to configure the discovery resources with respect to the load (discovery and infrastructure) in a specific cell. If the discovery resources are configured considering maximum discovery load then this would lead to over provisioning of discovery resources in cells with low discovery load. If less discovery resources are configured then it will affect the discovery service in the cell with high discovery load. 

Interference between discovery and infrastructure signals: In this approach there is no interference between UE-eNB transmission in one cell and discovery channel transmission in another cell.
Coordination amongst the neighbor cells for configuring discovery resources: Coordination (like in fully non overlapped approach) between the neighboring cells is not needed in this approach.
Collision among discovery channel transmissions: Fully overlapped discovery resources leads to collision between the discovery channel transmissions across cells for Type 1 discovery resources. In case of Type 2B discovery resources eNB needs to coordinate with its neighboring eNBs to avoid collision for individual assignments.
Observation 4: Configuration of discovery resources with respect to load (discovery and infrastructure) in the specific cell is not possible in case of fully overlapped discovery resources

Observation 5: Fully overlapped discovery resource across the cells prevents the interference between UE-eNB transmission and discovery channel transmission
Observation 6: Coordination between the neighbor cells to configure discovery resources is not needed

2.1.3 Partially Overlapped Discovery Resources

In this approach the discovery resources in each cell starts at the same time (e.g. same subframe) like the fully overlapped approach but the number of discovery resources in each cell are configured specific to load in each cell like the fully non overlapped approach. This is illustrated in Figure 4. 

Each cell interacts with its neighboring cell and determines the size of discovery resources configured in the neighbor cells. Each cell broadcasts the following information to assist the UE in inter cell                 discovery:

Discovery Resource Pool 1: This consists of discovery resources configured in the cell. The D2D TX UE uses the discovery resources in this pool for transmitting discovery information.

Discovery Resource Pool 2: This consists of discovery resources of the cell (among itself and its neighbor cells) which has configured the maximum discovery resources. The D2D RX UE uses the discovery resources in this pool for receiving the discovery information.
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Figure 4 Partially Overlapped Discovery Resources in Synchronous Cell Deployment

In this approach it is also possible to configure certain amount of same discovery resources in each cell like the fully overlapped approach. Additional discovery resources can be configured independently by each cell based on the discovery load as illustrated in Figure 5. 
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Figure 5 Partially Overlapped Discovery Resources in Synchronous Cell Deployment
Discovery Resource Specific to Cell Load: Discovery resources in a cell can be configured with respect to the load (discovery and infrastructure) in the cell 
Interference between discovery and infrastructure signals: Interference between discovery signal transmission and infrastructure signal transmission is there for very small number of subframes compared to fully non overlapped approach. The interference in small number of subframes can be avoided by configuring the discovery resources in these subframes as Type 2 discovery resources and coordinating the discovery resource assignment and resource assignment for UE-eNB transmissions amongst the neighbor cells. Alternately a cell may blank the non discovery subframe corresponding to the discovery subframe in its neighbor cell.
Coordination amongst the neighbor cells for configuring discovery resources: Complex coordination (like in fully non overlapped approach) between the neighboring cells is not needed as non overlapping contiguous discovery subframes across cells are not configured in this approach. Neighboring cells need to only exchange each other’s discovery resource information for broadcasting in SIB.

Collision among discovery channel transmissions: Collision between the discovery channel transmissions across cells for some subframes. This is not an issue for Type 1 discovery transmissions as the probability of choosing the same resource by UEs in neighbouring cells and in each other’s vicinity is low. The discovery resource selected for transmission is also frequently changed so permanent collision will not be there. In case of type 2B discovery resources the neighbour cells can coordinate so that the same Type-2B resource is not allocated to UE’s in each other’s neighbourhood. The overlapping of some subframes for discovery in adjacent cells is advantageous from interference perspective as there is no interference between discovery signal and infrastructure signal in these subframes.
Observation 7: Partially non overlapped discovery resource facilitates configuration of discovery resources with respect to load (discovery and infrastructure) in the specific cell

Observation 8: Complex coordination (like in fully non overlapped approach) between the neighboring cells is not needed for configuring non overlapping contiguous discovery subframes. 

Observation 9: In case of partially non overlapped discovery resources the interference between discovery channel transmission and UE-eNB transmission is limited to some sub frames and is avoidable by coordination.
Based on the above discussion we propose that,

Proposal 1: In a synchronous cell deployment the neighbor cells coordinate with each other to configure the discovery resources. 
Proposal 2: In a synchronous cell deployment fully overlapped discovery resources and partially overlapped discovery resources approaches proposed in this paper should be considered for coordinating the discovery resources amongst the neighbor cells.

Proposal 3: In a synchronous cell deployment, each cell broadcasts the discovery resources in the neighbor cells in addition to discovery resources configured in the cell. The detailed signaling mechanism considering the coordination approaches should be discussed further.
2.2 Asynchronous Cell Deployment

In the asynchronous cell deployment the cells are not time synchronized with each other. The cells may be operating on same frequency or different frequency. 

Fully overlapped discovery resources are not possible in asynchronous cell deployment as cells are not time synchronized. If the discovery resources across the neighbor cells are not non-overlapping then D2D RX UE with one RX chain cannot perform inter cell discovery. However the feasibility of coordinating and having non overlapping discovery resources in case of asynchronous cell deployment should be discussed in RAN1. Based on the RAN1 decision/inputs RAN2 can decide if there is any impact to RAN specifications. 

Proposal 4: RAN2 should focus on synchronous cell deployment.

3 Conclusion

In this paper we have discussed the various approaches for coordination to facilitate the inter cell discovery. 
Observation 1: Fully non overlapped discovery resource facilitates configuration of discovery resources with respect to load (discovery and infrastructure) in the specific cell

Observation 2: Fully non overlapped discovery resource across the cells leads to interference between UE-eNB transmission and discovery channel transmissions for several subframes (sum of discovery subframes of all neighbour cells).

Observation 3: Coordination between the neighbor cells to configure non overlapping discovery resources can be quite complex as the discover resource configuration is semi static in nature and each cell can have many neighbor cells.

Observation 4: Configuration of discovery resources with respect to load (discovery and infrastructure) in the specific cell is not possible in case of fully overlapped discovery resources

Observation 5: Fully overlapped discovery resource across the cells prevents the interference between UE-eNB transmission and discovery channel transmission

Observation 6: Coordination between the neighbor cells to configure discovery resources is not needed

Observation 7: Partially non overlapped discovery resource facilitates configuration of discovery resources with respect to load (discovery and infrastructure) in the specific cell

Observation 8: Complex coordination (like in fully non overlapped approach) between the neighboring cells is not needed for configuring non overlapping contiguous discovery subframes. 

Observation 9: In case of partially non overlapped discovery resources the interference between discovery channel transmission and UE-eNB transmission is limited to some sub frames and is avoidable by coordination.

Proposal 1: In a synchronous cell deployment the neighbor cells coordinate with each other to configure the discovery resources. 

Proposal 2: In a synchronous cell deployment fully overlapped discovery resources and partially overlapped discovery resources approaches proposed in this paper should be considered for coordinating the discovery resources amongst the neighbor cells.

Proposal 3: In a synchronous cell deployment, each cell broadcasts the discovery resources in the neighbor cells in addition to discovery resources configured in the cell. The detailed signaling mechanism considering the coordination approaches should be discussed further.

Proposal 4: RAN2 should focus on synchronous cell deployment.
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5 Appendix

Configuration of different subframe for discovery in adjacent cells will lead to discovery signal transmissions and infra-structure transmissions in the same resource. The interference scenarios are as follows:

a) Reception of discovery signal interfered by infra-structure signals

i. Reception of discovery signal is interfered by UE to eNB transmission in neighbour cell. D2D TX and D2D RX UE are in same cell. This is illustrated in Figure X.
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Figure X

ii. Reception of discovery signal is interfered by UE to eNB transmission in same cell. D2D TX and D2D RX UE are in different cell. This is illustrated in Figure Y.
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Figure Y

b) Reception of infra-structure signals interfered by discovery signal transmissions in neighbour cell. This is illustrated in Figure Z.
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Figure Z
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