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1
Introduction

In the RAN Plenary #58 meeting, a study item for LTE device to device (D2D) proximity services was approved [1] with the following objective:

	The objectives of this feasibility study are to evaluate LTE device-to-device proximity services, as follows
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The study item also identified the following RAN3 related aspects: 

	3)
Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:

a)
to enable proximal device discovery among devices under continuous network management and control, 

b)
to enable direct communication connection establishment between devices under continuous network management and control,  

c)
to allow service continuity to/from the macro network


In this contribution, we will focus on within network coverage scenario and discuss whether inter-cell coordination between eNBs is needed for the synchronous deployment and asynchronous deployment respectively.
2
Discussion
2.1 Inter-cell coordination between eNBs for synchronous deployment
For inter-cell D2D discovery/communication, Tx UE always uses the Tx resource allocated by its serving cell if pre-defined D2D resource is not considered. But for the Rx UE, in order to discovery or communicate with more prose UEs, the Rx resource pool should be the aggregation of the Tx resource pools of neighbour cells.

Observation 1: In order to discovery or communicate with more prose UEs, the UE Rx resource pool should be the aggregation of the Tx resource pools of neighbour cells.

There may be two cases for the Tx resource pool configuration between the neighbor cells for inter-cell D2D discovery/communication:
· Case1: The Tx resource pool is common between the neighbour cells.
· Case2: There is non-overlapping area between the Tx resource pools of the neighbour cells.
For inter-frequency neighbour cells, since they use different frequencies, there must be non-overlapping area on the Tx resource pools of these neighbour cells at the frequency domain. Even at the time domain, the Tx resource pools between neighbour cells may also be different from the perspective of better D2D resource efficiency.
But for intra-frequency neighbour cells, both case1 and case2 can be considered as the possible Tx resource pool configuration. If case1 is used, there will be D2D/D2D interference in the common Tx resource pool between the neighbour cells; while if case2 is used, there will be D2D/ infrastructure interference on the non-overlapping area and D2D /D2D interference on the overlapping area. That is to say, for the intra-frequency neighbour cells, how to configure the Tx resource pool for each cell is related to the interference mechanism, while there is still no conclusion on it in RAN1.
Observation 2: It is possible that the Tx resource pools of neighbour cells are non-overlapping.
Since it is possible that the Tx resource pools of neighbor cells are non-overlapping, in order to perform inter-cell D2D discovery and communication operation, Rx UE needs to know the Tx resource pools of neighbor cells. There are mainly two alternatives:
·  Alt1:  OMA is responsible for informing the eNB about the Tx resource pools of neighbour cells, and then, eNB notify these information to its served Rx UEs.
·  Alt2:  the Tx resource pool information is exchanged between neighbour eNBs, and then, eNB notify these information to its served Rx UEs.
For Alt1, how to allocate the Tx resource pool for each cell is dependent on OAM configuration, the eNB can acquire the resource pools of itself and neighbour cells from OAM and then inform this information to its served D2D receiving UEs. Inter-cell coordination between eNBs is not needed.

For Alt2, it is certainly that inter-cell coordination between eNBs is needed.

Observation 3: If OAM based solution is used to inform the Tx resource pools of neighbour cells, inter-cell coordination between eNB is not needed, otherwise,, inter-cell coordination between eNB is needed.   
Proposal 1：RAN3 should discuss how to inform the eNB of the Tx resource pools of neighbour cells.
2.2 Inter-cell coordination between eNBs for asynchronous deployment
The analysis for synchronous deployment is also applicable for asynchronous deployment. In addition, there is one more issue needed to be addressed for the asynchronous deployment. That is the impacts of the timing difference between neighbour cells.

The impacts of timing difference between neighbour cells may include the following two aspects:
1) Synchronization reference timing 
Currently, only inter-cell D2D discovery is discussed in RAN1 and reached the following agreements [3]. For the inter-cell D2D communication, the mechanism is similar as the inter-cell discovery.
	Agreements
· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing (option1)
· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization(option2)
· The detailed solution is FFS


For option 2, the decoding/detecting is blind and it is unnecessary to acquire the time offset between eNBs. 

For option 1, there are three solutions for the UE to achieve the synchronization reference timing of neighbour cells:
· Solution 1: directly acquiring the PSS/SSS transmissions from the neighbour cells,

· Solution 2: using cell time offsets of neighbour cells when available,

· Solution 3: receiving UE-relayed synchronization signals carried as part of the discovery announcement signals by the UEs enabled with relay function in the neighbour cells. 
For Solution 2, time offset between neighbour cells is needed. If eNB can acquire this information through inter-cell exchange, it can notify these time offsets to its served UE. For solution 1 and solution 3, UE can synchronize to the timing reference without inter-cell coordination. But which solution will be adopted should be decided by RAN1.

Observation 4: Whether the time offset needs to be exchanged between neighbour cells depends on RAN1’s conclusion on synchronization for asynchronous deployment.

2) Asynchronous interference

For synchronous deployment, the victim has the same subframe index as the interference source. But for the asynchronous deployment, the victim may have time offset compared with the interference source, as shown in Figure1. In this figure, the D2D transmission on subframe #2 of Cell1 will impact the D2D or infrastructure data transmission on subframe#0 and #1 of Cell2 which is on the same frequency of Cell1.
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                                              Figure1. Interference due to timing difference between neighbour cells
In order to coordinate the interference, the eNB may need to acquire the time offsets and the Tx resource pools of its neighbour cells. Since there are no conclusions on how to get the Tx resource pool of neighbour cells and how to synchronize for asynchronous deployment,  the discussion on inter-cell coordination  for asynchronous interference should be postponed.

Observation 5: Whether inter-cell coordination is needed for asynchronous deployment interference mitigation should be postponed until there are conclusions on how to get the Tx resource pool of neighbour cells and how to synchronize for asynchronous deployment.
Proposal2：RAN3 should wait for RAN1’s conclusion on the synchronization for asynchronous deployment before discussing the inter-cell coordination for the asynchronous deployment.
3
Conclusion
In this contribution, we discuss inter-cell resource coordination for synchronous deployments and some issues for asynchronous deployments. We have following observations and proposals:

Observation 1: In order to discovery or communicate with more prose UEs, the UE Rx resource pool should be the aggregation of the Tx resource pools of neighbour cells.

Observation 2: It is possible that the Tx resource pools of neighbour cells are non-overlapping.

Observation 3: If OAM based solution is used to inform the Tx resource pools of neighbour cells, inter-cell coordination between eNB is not needed, otherwise,, inter-cell coordination between eNB is needed.   
Proposal 1：RAN3 should discuss how to inform the eNB of the Tx resource pools of neighbour cells.

Observation 4: Whether the time offset needs to be exchanged between neighbour cells depends on RAN1’s conclusion on synchronization for asynchronous deployment.

Observation 5: Whether inter-cell coordination is needed for asynchronous deployment interference mitigation should be postponed until there are conclusions on how to get the Tx resource pool of neighbour cells and how to synchronize for asynchronous deployment.
Proposal2：RAN3 should wait for RAN1’s conclusion on the synchronization for asynchronous deployment before discussing the inter-cell coordination for the asynchronous deployment.
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