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Introduction
The intra-cell D2D resource allocation has been discussed extensively in previous RAN1 and RAN2 meetings. For D2D discovery, the following Type 1 and Type 2 discovery procedure are defined in RAN1#73. With regard to the D2D communication, both the CSMA and coordinated resource allocation mechanism have been discussed in RAN1 and RAN2 meetings.
	· 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.


There are many common issues for the resource allocation mechanism of D2D discovery and D2D communication. For example, the Type 1 and Type 2 resource allocation procedure can be implemented through CSMA and coordinated access respectively. Only broadcast/multicast D2D communication is considered in R12. And no feedback is supported for the D2D communication. Similarly, the D2D discovery is based on the broadcast of discovery signals. Until now, how the transmission resources are handled/allocated is still under study in RAN1/RAN2.
On the other hand, not only the intra-cell but also the inter-cell D2D discovery/communication is supposed to be supported according to TR 36.843[1]. When considering the inter-cell D2D discovery/communication, the resource allocation and negotiation mechanism needs to be re-investigated and their influence to the X2/S1 interface should be studied. Moreover, as agreed in RAN1#74, both synchronous and asynchronous cells deployments should be studied for inter-cell discovery. Correspondingly, the impact of the cell synchronization on the X2 interface needs to be considered.
In this contribution, initial discussion on inter-cell D2D resource allocation including cell level resource allocation and UE level resource allocation are presented. The potential impact on X2/S1 and the signaling procedures is provided. The impact of asynchronous cell deployment on inter-cell D2D discovery/communication is also addressed. It should be noted that the discussion here is suitable for both D2D discovery and communication unless otherwise indicated. 
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Inter-cell D2D discovery/communication scenario
As shown in Fig. 1, UE1, UE2 are served by the cell of eNB1, and UE3, UE4, UE5 are served by the cell of eNB2. Both the UEs and eNBs are D2D capable and the eNBs deployments may be synchronous or asynchronous. UE2 and UE3 are in proximity of UE1 whereas UE3 and UE5 are in proximity of UE4. Suppose the UE1 and UE4 are broadcasting the D2D discovery signal / D2D communication traffic. For simplicity, we refer the D2D discovery signal announcing and D2D communication as D2D transmission. UE2, UE3 and UE5 are ready to monitor the D2D transmission. Since all of them are located in cell-edge, the inter-cell D2D transmission happens, which leads to the following issues need to be addressed.
· Resource pool coordination of neighboring cells: In order to listen to the D2D transmission from UE of neighboring cells, it is a prerequisite that the receiving UE be aware of the D2D resource pool of neighboring cells. Suppose the neighboring cells belong to different eNB, then the inter-eNB coordination for D2D resource pool information is necessary.
· Asynchronous cells deployment: Suppose the neighboring cells are asynchronously deployed, the UE needs to know the synchronization timing difference between cells so as to correctly decode the D2D transmission. Whether the asynchronous cells have impacts on inter-eNB coordination needs to be studied. 
· Interference avoidance: Not only the interference between D2D transmissions but also the interference between D2D and cellular transmission should be considered. With regard to the Type 1 and CSMA based access, though the carrier sensing may partially mitigate the problem, it cannot totally eliminate the collision. When it comes to the Type 2 or coordinated access, the inter-cell interference also happens. As shown in Fig. 1, eNB1 and eNB2 may allocate the same D2D resource to the transmitting UE1 and UE4. In this case, the UE3 fails to receive the D2D transmission from both UE1 and UE4 due to collision. On the other hand, suppose the UE4 has cellular communication and the uplink resource allocated to UE4 is the same to the resource allocated to UE1 for D2D communication, the uplink cellular communication may interfere the D2D transmission reception at UE3. During the Type 2 D2D discovery procedure or coordinated access for D2D communication, the inter-eNB interference avoidance should be taken into account.
Proposal1: RAN3 is recommend to consider the inter-cell D2D resource pool coordination, the asynchronous cell deployment and the interference avoidance issues whose impacts on RAN3 needs to be investigated. 


Fig.1. Scenario of inter-cell D2D discovery and communication
Based on the aforementioned inter-cell D2D transmission issues, the inter-cell coordination can be categorized into two levels: cell-level coordination and UE-level coordination. The resource pool coordination and the asynchronous deployment are to determine the resource scope and synchronization timing respectively, which could be applicable for all D2D transmission/reception within a cell. So they belong to the cell-level coordination. The interference avoidance concerns with the UE-specific resource allocation and belong to the scope of UE-level coordination. We will describe the cell level and UE level inter-cell coordination with more details.
Cell-level coordination
Resource pool coordination
Generally speaking, eNB maintains D2D resource pools for the D2D discovery and communication respectively. The D2D resource pool configuration of neighbouring cells may fall into three cases: overlapping, partial overlapping and non-overlapping. The different cell-level D2D resource pool configurations have characteristics as follows:
· Overlapping case: The identical D2D resource pool is assigned for each cell, for example, the resource pool configuration for Cell1 and Cell 4 as shown in Fig. 2. Overlapping case is the simplest way for configuration with a potential high risk of D2D transmission collision among cell edge D2D UEs. To solve the problem, the inter-cell interference avoidance during UE resource allocation may be further needed.
· Partial overlapping case: Considering different number of D2D UE and discovery/communication traffic requirements of neighboring cells, different amount of D2D resource should be allocated to accommodate D2D UEs for a given cell. In this case, the partial overlapping resource among cells is an appropriate choice. For example, the Cell 1 and Cell 2 utilize partial overlapping D2D resource pools as shown in Fig. 2. Similar to the overlapping case, resource coordination between neighbor cells is necessary while allocating resource for UE’s D2D transmission.
· Non-overlapping case: As shown in Fig. 2, Cell 3 utilizes non-overlapping D2D resource pool with Cell 1, Cell 2 and Cell4. The interference between D2D transmissions from UEs of different cells is not a big concern any more. However, the interference between D2D and cellular transmission from neighbor cells appears which also need to consider the inter-cell interference avoidance during UE D2D resource allocation. 
The different resource pool configurations may co-exist in certain scenarios. As agreed in the RAN2#83bis meeting [3], transmission and reception of D2D discovery messages needs to be supported in both IDLE and CONNECTED mode. For D2D UEs in the IDLE state, only Type 1 procedure can be used and the overlapping D2D discovery resource pool for IDLE UE may be configured for neighbouring cells to extend the discovery scope. While for D2D UEs in the CONNECTED state, Type2 procedure can be utilized where the UE-specific D2D resource is allocated by the eNB. In this case, the non-overlapping D2D discovery resource pool may be configured for neighbouring cells to mitigate the potential interference.  


Fig. 2. Example D2D resource pool configurations for neighbouring cells
The D2D resource pool configuration for a given cell could be performed by OAM, core network or through self-configuration. After the D2D resource pool configuration of individual cells, the inter-eNB D2D resource pool coordination may be performed between eNBs in order to facilitate the D2D reception of neighbouring UEs. Both the D2D resource pool configuration and the resource pool coordination may affect the S1/X2 interface. The detailed analysis is as follows.
· Configured by OAM: The available resource pool for D2D transmission in each cell could be pre-configured by OAM. The information of D2D resource configuration could be transferred between neighboring eNBs via either S1 transaction, e.g. MME/eNB configuration or X2 directly.
· Configured by core network: The resource pool for D2D transmission in each cell could be configured by the core network. The configuration information may be sent from core network to eNB via S1 during the initialization of eNB. The configuration information of neighbours could also be obtained via either S1 transaction, e.g. MME/eNB configuration transfer or X2 directly.
· Self-configuration: The eNB may self-configure the resource for D2D transmission in each cell by monitoring and listening neighbors. In this case, eNB has to notify neighbours of its configuration in order to allow the possible coordination between neighboring eNBs. The notification may be realized via either S1 transction, e.g. MME/eNB configuration transfer or X2 directly.
In addition to the initial configuration, in order to improve the efficiency of resource usage, the resource pool for D2D transmission in a cell may be modified based on the load of D2D transmission. Once it is modified, the modification should be notified to the neighbours via either S1 or X2 as well. The impact on S1 and X2 for the above approaches is summarized in Table 1 as follows.
Table 1 Summarization of the three D2D resource pool configuration cases and the impacts to S1/X2
	Item
	Cases
	Impact to S1
	Impact to X2

	Initial configuration
	Configured by OAM
	information of D2D resource configuration transferred between neighboring eNBs via S1 transaction
	information of D2D resource configuration transferred between neighboring eNBs via X2 transaction

	
	Configured by core network
	configuration information sent from core network to eNB via S1 
configuration information of neighbours obtained via S1 transaction
	configuration information of neighbours obtained via X2 transaction

	
	Self-configuration
	notify its configuration to neighboring eNBs via S1 transction
	notify its configuration to neighboring eNBs via X2 transction

	Configuration Update
	modification notified to the neighbours via S1
	modification notified to the neighbours via X2


The transactions of D2D resource information for neighbours via S1 and X2 procedure are shown as in figure below. As shown in Fig. 3(a), when configured with a specific D2D resource pool, eNB may send its configuration information of D2D resource pool to MME, and MME transfer the configuration information to eNB2. Then eNB2 sends necessary response to eNB1 via MME. Subsequently eNB1 and eNB2 could broadcast D2D resource information for the cells of themselves and neighbours. As in Fig. 3(b), eNB1 and eNB2 directly exchange the configuration information of D2D resource pool via X2.After acquiring the D2D resource pool configuration of itself and neighbours, both eNB1 and eNB2 may broadcasts the relevant D2D resource information for the cells.


Fig.3.S1based and X2 based coordination on cell specific D2D Resource
Proposal 2: The S1/X2 impacts of D2D resource pool initial configuration and configuration update for inter-cell D2D discovery and communication are proposed to be taken into consideration.
Consideration for Asynchronous Deployment
According to TR36.843 [1], for inter-cell D2D discovery, synchronous and asynchronous cells deployments should both be studied. The following two options for inter-cell discovery can be considered:
	· By directly or indirectly achieving information about the other cell synchronization reference timing 
· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization


As a matter of fact, in current product design, many features require synchronisation among cells no matter in TDD or FDD, like TDM eICIC. Some existing solutions are available to realize the synchronization between cells, e.g. GPS, IEEE 1588 and air interface listening. Hence, it’s quite straightforward that the synchronization could be achieved by implementation.
However, for extreme cases where synchronization is not possible, the two options proposed for inter-cell D2D discovery could be considered for both D2D discovery and D2D communication. As to the first option, the neighbouring cell’s synchronization reference timing may be exchanged through the X2 interface and then eNB notify UE through broadcast or dedicated signalling. Moreover, the UE may directly obtain the timing offset by monitoring neighbour cell’s PSS/SSS. Along with the D2D resource information of neighbour cell, UE is capable to receive the D2D transmission from other UE in neighbour cell. The second option may be applicable when the discovery message or D2D data packet transmission contains the synchronization sequence. According to the detection of synchronization sequence, the receiving UE may correctly decode the discovery message or D2D communication packet. 
Based on the above analysis, the X2 interface exchange of cell synchronization information is not a requisite for the D2D transmission/reception under asynchronous deployment scenarios. RAN3 is recommended not to consider the standard impact from asynchronous deployment and leave the synchronization issue to implementation. 
Proposal 3： RAN3 is recommended not to consider the standard impact from asynchronous deployment and leave the synchronization issue to implementation.
UE-level coordination for inter-cell D2D transmission
As mentioned above, two types of resource allocation for D2D transmission are defined: Type 1 or CSMA, Type 2 or coordinated access. For the Type 1 or CSMA based D2D resource acquisition, D2D UE tries to determine available resource before attempting to transmit. It first detects the presence of transmission from other UE over the D2D resource pool. If the D2D resource is sensed busy, the D2D UE waits for the ongoing transmission to finish before initiating its own transmission. Otherwise, the D2D UE acquires the D2D resource and start the D2D transmission. The whole procedure is done autonomously by UE, and no UE level coordination for inter-cell D2D transmission is needed.
On the contrary, the resource of specific UE’s transmission is allocated by eNB for Type 2 and coordinated access. The resource may be allocated in dynamic or semi-persistent way. In order to avoid the interference as described in 2.1, the UE-level coordination for inter-cell D2D transmission should be considered. That is, during the resource allocation for a specific UE, the eNB should negotiate with the neighboring eNB so as to allocate the appropriate resource without potential collision with other ongoing D2D/cellular transmissions of neighboring cells. 
Observation 1: In order to avoid the inter-cell interference, the UE-level coordination for inter-cell D2D transmission is worthwhile for the Type 2 or coordinated D2D resource allocation. 
In this section, we will focus on the Type 2 or coordinated access, and analyze its impact on S1/X2, such as the UE context for D2D transmission and the UE-level inter-cell coordination procedure. The details are as follows.
UE Context for D2D transmission
Before the eNB allocates the D2D resource to UE, it is necessary to authorize and verify if D2D transmission is allowed, regardless of inter-cell or intra-cell D2D transmission scenario. During the initial network access of D2D UE, the UE need to be authorized/authenticated based on its subscription information. Then the core network needs to send the UE’s D2D capability context to the associated eNB via S1 transaction. The D2D UE capability context should be subsequently maintained by eNB. In addition to the UE D2D capability check before resource allocation, the context may be transferred between eNBs during D2D UE handover. 
Proposal 4: For the network controlled D2D discovery and communication, the UE D2D capability context need to be delivered through S1 and X2 interfaces.
UE-specific resource coordination
An example procedure for the UE specific inter-cell D2D resource coordination is presented in Fig. 4. UE1, UE2 and UE3 are in proximity of each other. Among them, UE1 and UE2 are served by eNB1, UE3 are served by eNB2. D2D UE1 plan to initiate the D2D transmission, so it sends the D2D resource request in terms of SR (scheduling request) or BSR (bufer status report) to eNB. Suppose the semi-persistent scheduling is utilized, eNB1 allocates the SPS (semi-persistent scheduling) D2D resource based on the D2D resource pool upon receipt of the D2D transmission request. If the UE1 is located in cell edge, eNB1will further negotiate with the neighbouring eNB about the resource assignment.  For example, eNB1 may inform the SPS D2D assignment information to neighbouring eNB2. If the resource has already been allocated to other cell edge UEs served by eNB2, eNB2 may respond with information of recommended or available resource. Then eNB1 allocates the D2D resource without potential interference and notify it to UE1. Optionally, the eNB may broadcast the SPS assignment information to facilitate the D2D reception of D2D UE. Based on the D2D resource assignment information, the UE1 starts the D2D transmission whereas the proximity UE such as UE 2 and UE3 may receive the corresponding D2D transmission.

 
Fig.4. Procedure of UE specific inter-cell D2D resource coordination
Proposal 5: The UE specific inter-cell D2D resource coordination is proposed to be considered by RAN3.
Conclusion
In this contribution, initial discussion on inter-cell D2D resource allocation including cell level resource allocation and UE level resource allocation are presented, and the potential impact on X2/S1 and the signaling procedures is provided. The impact of asynchronous cell deployment on inter-cell D2D discovery/communication is also addressed. Some observations and proposals are given as follows.
Observation 1: In order to avoid the inter-cell interference, the UE-level coordination for inter-cell D2D transmission is worthwhile for the Type 2 or coordinated D2D resource allocation. 
Proposal1: RAN3 is recommend to consider the inter-cell D2D resource pool coordination, the asynchronous cell deployment and the interference avoidance issues whose impacts on RAN3 needs to be investigated. 
Proposal 2: The S1/X2 impacts of D2D resource pool initial configuration and configuration update for inter-cell D2D discovery and communication are proposed to be taken into consideration.
Proposal 3： RAN3 is recommended not to consider the standard impact from asynchronous deployment and leave the synchronization issue to implementation.
Proposal 4: For the network controlled D2D discovery and communication, the UE D2D capability context need to be delivered through S1 and X2 interfaces.
Proposal 5: The UE specific inter-cell D2D resource coordination is proposed to be considered by RAN3.
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