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1. Introduction

LTE Device to Device Proximity Services was approved as a Work Item at the latest RAN Plenary [1]. According to the objective of the Work Item, RAN agreed to investigate inter-cell scenario for both discovery and communication, as described below.
	The objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. The communication part is targeted to apply only to public safety use. The partial network coverage and out of network coverage scenarios apply only to public safety use. The work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843.


In addition, for D2D, following WF was endorsed at the RAN Plenary [2]. 
	· D2D (RAN1-led)

· Start work item on broadcast communication (PS) and in-coverage discovery

· No relaying

· Inter-cell D2D supported, but with no standardized inter-cell coordination based on X2 or air interface (i.e., no RAN1 discussion on inter-cell coordination)

· Limited time to be spent on inter-frequency discovery
· No out of network discovery in R12 (could be considered after WI closure) 


Until the last RAN2 meeting, RAN2 has not reached any agreements on inter-cell D2D service. In this contribution, we investigate the inter-cell D2D service in consideration of above assumptions.
2. Discussion

In order to perform inter-cell D2D service with no standardized inter-cell coordination, the following mechanisms may be considered:
1. Without any inter-cell coordination
The in-coverage D2D UE will try to synchronize and share D2D resource (pool) with the D2D UE in the neighbouring cell.
2. With inter-cell coordination provided by OAM
OAM provides inter-cell coordination, which may be used by D2D UEs to perform inter-cell D2D service.
We investigate details of these two mechanisms below.
2.1. Without any inter-cell coordination
The following two approaches may be considered for inter-cell D2D service without any inter-cell coordination. 
1. Direct synchronization and sharing of the broadcast information with other D2D UEs (Alt 1).
2. D2D UEs monitor the synchronization signal and the broadcast information provided by neighbouring cells (Alt 2).
2.1.1. Direct synchronization with other D2D UEs (Alt 1)
To achieve synchronization, it may be assumed that D2D UE which is interested in inter-cell D2D service transmits D2DSS, while the receiving D2D UEs should search for all possible D2DSS on the time-division manner, and thereby D2D UEs belonging to neighbouring cells can be synchronized with one another and perform inter-cell D2D service (refer to Figure 1). Additionally, the UE which transmits D2DSS may also need to notify the other D2D UEs of its serving cell’s D2D resource pool in order to share the resource for inter-cell D2D service. If transmitting D2D UE transmits D2DSS by reference to serving cell’s synchronization signal, interference between D2D signal and UL cellular traffic can be avoided. In addition to inter-cell D2D, this method may also be needed for synchronization with an out-of-coverage D2D UE in the partial coverage scenario. The transmitting D2D UE within coverage may also need to share the D2D resource pool with the out-of-coverage D2D UE. 
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Figure 1 – Directly synchronized with other D2D UE (Alt 1)
However, with this approach both transmitting and receiving D2D UEs will experience increased power consumption and complexities since
transmitting D2D UEs need to transmit D2DSS and receiving D2D UEs need to monitor additional D2DSSs other those transmitted by the serving cell.
2.1.2. Monitor the broadcast information provided by neighbouring cells (Alt 2)
With this approach, D2D UE which is interested in inter-cell D2D service monitors synchronization signal and broadcast signal transmitted by neighbouring cell in order to obtain the resource pool so that D2D service may be possible with other D2D UEs served by the neighbour cell. With the broadcast monitoring approach there are two alternatives. With Alt 2a (refer to Figure 2), the transmitting D2D UE performs inter-cell D2D service based on the neighbour cell’s information and receiving D2D UEs perform inter-cell D2D service with no additional complexity and power consumption. 
However, Alt 2a has following drawbacks:
The transmitting D2D UE will experience increased power consumption and the complexity, since the transmitting D2D UE needs to monitor additional broadcast information other than those transmitted by the serving cell. 
Only D2D UEs which can receive neighbouring cell’s synchronization and broadcast information can transmit inter-cell D2D signal monitored by the neighbouring cell’s D2D UEs.
Without coordination of D2D resources between neighbouring cells, interference between D2D signal and UL cellular traffic cannot be controlled since the resources used by the transmitting D2D UE is under control of the neighbouring cell. 
Transmitting D2D UE may transmit inter-cell D2D signal without consideration for the resource pool within the serving cell. 
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Figure 2 – Monitor the broadcast information provided by neighbouring cells (Transmitting UE) (Alt 2a)
With Alt 2b, the receiving D2D UE would monitor the neighbouring cell’s information while the transmitting D2D UE performs inter-cell D2D service based on its serving cell’s resource pool with no additional complexity and power consumption (refer to Figure 3).
However, Alt 2b also has its drawbacks:
The receiving D2D UE will experience increased power consumption and the complexity since the receiving D2D UE needs to monitor additional broadcast information other than those transmitted by the serving cell.
Only D2D UEs which can receive neighbouring cell’s synchronization and broadcast information can receive inter-cell D2D signal transmitted by the neighbour cell’s D2D UEs.
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Figure 3 - Monitor the broadcast information provided by neighbouring cells (Receiving UE) (Alt 2b)
With either alternative above, inter-cell D2D without any inter-cell coordination has a possibility of increasing the UE power consumption and complexity and in the case of Alt 2a, interference with cellular UL cannot be prevented.
Observation 1 Inter-cell D2D without any inter-cell coordination has a possibility of increasing the UE power consumption and complexity and in some cases, interference with cellular UL cannot be prevented.
2.2. With inter-cell coordination provided by OAM (Alt 3)
In this section, we investigate inter-cell coordination with assistance provided by OAM. With OAM, it may be possible for the network to configure D2D resource pools for all the cells involved in inter-cell D2D communication.  Depending on network implementation, the resource pools may be common or different among the cells. 
Observation 2 Inter-cell D2D service with inter-cell coordination provided by OAM has a possibility of performing with no additional UE complexity.
Observation 3 If inter-cell coordination is provided by OAM, authorization, coverage and opportunity to perform inter-cell D2D service will depend on OAM’s decision.
Once the resource pools for the cells are configured, it is necessary to convey this information to the D2D UEs. There are two options with Alt 3: 

1) Informing the D2D UEs of resource pools of neighbouring cells using MBSFN subframes (Alt 3a)

2) Allow the serving cell to inform the D2D UEs of the resource pools from neighbouring cells (Alt 3b).

With Alt 3a, it is assumed that OAM will configure MBSFN area according to the area where inter-cell D2D service is required. With this approach, the D2D UEs may obtain the resource pools associated with the cells in the same MBSFN area. This option has the advantage that very little specification change is needed since the existing functionality with MBSFN can be reused. To limit the size of the MBSFN subframes required, it may be beneficial to allow all the cells within the MBSFN area to use common resource pools. This also avoids the need to handle potential for interference if D2D resources from other cells are used for cellular UL.

Alt 3a does have the drawback that inter-cell D2D communication may only be possible within a MBSFN area and not between cells belonging to different MBSFN areas. Furthermore, if it isn’t desirable for all cells to use common resource pools for all cells within the MBSFN area, the number of MBSFN subframes needed may be substantially increased. Also Inter-cell D2D service can’t be performed within the cell where MBSFN is not configured.
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Figure 4 – Inter-cell D2D service by using MBSFN scheme (Alt 3a)
With Alt 3b, it is assumed that each cell has knowledge of the resource pool from neighbouring cells (either common or different resource pools). It is the serving cell’s responsibility to send the resource pools of the neighbouring cell to its D2D UEs via broadcast or dedicated signalling (refer to Figure 5). With this knowledge, D2D UEs may perform D2D communication with D2D UEs served by a neighbouring cell. With this alternative, even if the neighbouring cell uses a different D2D resource pool than those for the serving cell, the amount of this assistance information is limited since the serving cell will only need to broadcast the information associated with the proximity cells and not for all cells in an MBSFN area which could be substantially larger. Of course, common resource pool is also possible and would limit any complexities in handling interference among neighbouring cells.
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Figure 5 – Inter-cell D2D service by transmitting neighbouring cells’ resource pool (Alt 3b)
According to the alternatives provided above, RAN2 should consider whether any one or a combination of the alternatives should be adopted for inter-cell D2D communication. For example, due to the need to for D2D services to cover the out-of-coverage scenario, it may be considered whether Alt 1 could be combined with one of the options in Alt 3. 
Proposal 1 RAN2 should discuss whether one or more of the alternatives should be adopted for inter-cell D2D service.
3. Conclusion

In this contribution, several alternatives were considered for inter-cell D2D service without the need for standardized inter-cell coordination based on X2 or air interface. We have following observations and one proposal.
Observation 1 Inter-cell D2D without any inter-cell coordination has a possibility of increasing the UE power consumption and complexity and in some cases, interference with cellular UL cannot be prevented.
Observation 2 Inter-cell D2D service with inter-cell coordination provided by OAM has a possibility of performing with no additional UE complexity.
Observation 3 If inter-cell coordination is provided by OAM, authorization, coverage and opportunity to perform inter-cell D2D service will depend on OAM’s decision.
Proposal 1 RAN2 should discuss whether one or more of the alternatives should be adopted for inter-cell D2D service.
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