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1   Introduction
At RAN2#85bis meeting, topics related to D2D discovery were discussed. For the D2D discovery procedure, the following agreements were reached [1]:
	Agreements
0
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)

For UEs in IDLE…

1a
The eNB may provide a Type 1 transmission resource pool in SIB. UEs that are authorized for D2D Discovery use these resources in IDLE. 

1b
The eNB may indicate in SIB that it supports D2D but does not provide transmission resources. UEs need to enter RRC Connected in order to request D2D transmission resources.

For UEs in CONNECTED…

2a
A UE authorized to perform D2D discovery transmission indicates to the eNB that it wants to perform D2D discovery transmissions and further information (FFS)
2b
eNB validates whether UE is authorized for D2D discovery transmission using the UE context received from MME (pending RAN3 decision)

2c
the eNB may configure the UE to use a Type 1 transmission resource pool or dedicated Type 2B transmission resources via dedicated signalling (or no resource).

2d
the resources allocated by the eNB are valid until a) the eNB de-configures them or b) the UE enters IDLE.  (FFS whether resources may remain valid even in IDLE)



There are still many open issues that need to be studied. One of them is whether further information is needed when the UE indicates to the eNB that it wants to perform D2D discovery transmissions. Also whether the resource allocated by the eNB may remain valid even in IDLE is not determined. In this contribution, we analyze the D2D discovery resource configuration procedure step by step and some design considerations for the D2D discovery resource configuration are presented. Based on the analyses, some clarification and proposals are suggested on how to continue the work.
2   Discussion
In this section we focus on the D2D discovery transmission resource configuration procedure for UE in CONNECTED state. The signalling procedures for the D2D discovery resource configuration, D2D discovery resource release and D2D discovery resource configuration update are analyzed in details.
D2D discovery resource configuration
As agreed at RAN2#85bis, a UE needs to indicate to the eNB that it wants to perform D2D discovery transmissions first before the eNB configures the D2D discovery transmission resource. The corresponding signalling flows for the D2D discovery resource configuration are presented in Figure 1 and 2 for the successful and failure case respectively. 
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Figure 1. D2D discovery resource configuration, successful case.
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Figure 2. D2D discovery resource configuration, failure case.
1. The UE sends the D2D discovery resource configuration request message to the eNB. The D2D discovery resource configuration request may include:
· D2D discovery indication: If the D2D discovery and D2D communication shares the same RRC message for the D2D transmission indication, the D2D discovery indication is necessary to differentiate the discovery configuration request from D2D communication.
· Priority: The priority information provided by UE may assist the admission control of the eNB. For example, if all the Type2 resources have been allocated and the request from high priority is received, the eNB may consider preempting the discovery resource from low priority UEs. 
2. Upon receiving the D2D discovery resource configuration request, the eNB performs the following steps:
· Authorization validation: the eNB checks whether the UE is authorized for D2D discovery transmission using the UE context received from the MME [1]. If the UE is authorized for the D2D discovery, the eNB continues to check what kind of resource should be configured to the UE, otherwise the eNB may send the D2D discovery resource configuration reject message to the UE.
· Admission control: If the eNB only supports Type1 resource for D2D discovery, the eNB directly configures the Type1 resource to the UE. If the eNB only supports Type2 resource for D2D discovery, the eNB needs to check if unoccupied Type 2 resources are available. If yes, the eNB allocates the Type 2 resource to the UE. Otherwise, the eNB may consider preempting the resource from low priority UEs or to reject the D2D discovery resource configuration request. If both Type 1 and Type 2 resources are supported, the eNB should configure only one type of D2D discovery resources for the UE’s discovery transmission in CONNECTED state. Type1 resource is CSMA based and is hard to guarantee the QoS whereas Type 2 resource is controlled by the eNB and then has benefits in terms of QoS assurance. Hence, Type 2 resource is prioritized and Type 1 resource is configured only when no Type 2 resources are available.  
3. If the UE is admitted for the D2D discovery configuration, the eNB sends the D2D discovery resource reconfiguration message to the UE. The D2D discovery resource reconfiguration message may include:
· Type 2 transmission resource configuration of serving cell: when Type 2B resource allocation is used, semi-persistent resource is allocated for the CONNECTED UE to accommodate the periodical discovery transmission. In this case, the resource block assignment, interval, frame/sub-frame offset should be included to indicate the Type 2B resource.
· Type 1 transmission resource configuration of serving cell: If the eNB does not provide the Type 1 transmission resource pool in SIB, the Type 1 resource configuration information should be configured to the UE for the D2D discovery transmission in IDLE State. On the other hand, when no Type 2 resources are available, the Type 1 resource may be configured to the UE for the D2D discovery transmission in CONNECTED state. 
· Type 2 and Type1 reception resource configuration of neighboring cell: Since every CONNECTED UE should perform the authorization check, the Type 2 and Type1 reception resource pool of neighboring cell may also be delivered to the authorized D2D UE through the D2D discovery resource reconfiguration message. 
4. Upon receiving the D2D discovery resource reconfiguration message, the UE configures the D2D discovery resource correspondingly and sends the D2D discovery resource reconfiguration complete message to the eNB. Then the D2D UE performs the following steps:
· If only Type 2 transmission resource configuration is included, the UE utilizes the allocated Type 2B resource for D2D discovery transmission. 
· If only Type 1 transmission resource configuration is included, the UE listens to the Type1 resource pool and initiates the D2D discovery transmission through contention. 
· If both Type 1 and Type 2 transmissions resource configurations are included, the UE utilizes the allocated Type 2B resource for D2D discovery transmission. The Type 1 transmission resource configuration is useful only when the UE enters into IDLE state. Someone may argue that the Type 1 transmission resource configuration may also be used in case of RLF and a resource type switch similar to the D2D communication should be considered. However, we think there is no need to support this. Since the D2D discovery does not have stringent requirement for delay, the UE could pause the D2D discovery transmission temporarily or continue using the allocated semi-persistent Type 2B resource when RLF happens. 
5. If the UE is not admitted for the D2D discovery configuration, the eNB sends the D2D discovery resource configuration reject message to the UE. The D2D discovery resource configuration reject message may include:
· Reject cause: the cause value may indicate authorization failed, no available resources, etc.
· Wait timer: If the reject cause is ‘no available resources’, a wait timer may be included to indicate the delay time before the UE is allowed to reinitiate the D2D discovery resource configuration.
Proposal 1: consider priority handling of D2D UEs during the Type 2 resource allocation, such as the preemption of D2D discovery resources from low priority UEs. 
Proposal 2: If both Type 1 and Type 2 resources are supported, the eNB should configure only one type of D2D discovery resources for D2D discovery transmission of a UE in CONNECTED state. Type 2B resource is prioritized and Type 1 resource is configured for CONNECTED UE’s discovery transmission only when there are no available Type 2 resources.
Proposal 3: The configuration of both Type 1 and Type 2 transmission resource for a specific UE only happens when the eNB does not provide the Type 1 transmission resource pool in SIB and the Type 1 resource configuration is only used for UE’s D2D discovery transmission in IDLE state. 
D2D discovery resource release
After the UE receives the Type 2B D2D discovery resource configuration, the UE utilizes the configured Type 2B transmission resource for D2D discovery transmission in CONNECTED state. However, this Type 2B D2D discovery resource may be released by the eNB with following triggers:
· Release request from the D2D UE: If the UE wants to terminate the D2D discovery transmission with Type 2B resource, it may send the D2D discovery resource release request message to the eNB. Upon receiving the request, the eNB sends the D2D discovery resource release message to the UE to release the Type 2B resources.
· Resource preemption by high priority UE: IF discovery resource preemption is supported, the Type 2B discovery resource allocated to a low priority UE may be preempted by a high priority UE. In this case, the Type 2B D2D discovery resource configuration for the low priority UE may be released.  
In addition to the explicit Type 2B D2D discovery resource release procedure as shown in Figure 3, the Type 2B resource may be implicitly released when UE enters into IDLE state. As a matter of fact, it is FFS whether resource may remain valid even in IDLE. If the D2D resource remains valid, a validity timer should be designed and the allocated Type 2B resource would still be valid before the timer expires even if the UE enters IDLE. However, if the IDLE UE wants to terminate the D2D discovery transmission in advance or the IDLE UE moves to other cells, the Type 2B resource is not longer used by the UE and the eNB would not be aware of this, which leads to a waste of Type 2B resources. Hence it is recommended to release the Type 2B resource allocated by the eNB when the UE enters the IDLE state. From the perspective of the UE, it may release the Type 2B resource upon receiving the RRCConnectionRelease message or when entering the IDLE state due to re-establishment failure. 
Proposal 4: Type 2B resource is released when the UE enters the IDLE state. 
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Figure 3. D2D Type 2B discovery resource release.
When it comes to the Type 1 transmission resource, it can be divided into two cases as follows:
· The eNB provides a Type 1 transmission resource pool in SIB: an IDLE UE may obtain the updated Type 1 transmission resource pool information through system information and utilizes this information for the D2D discovery in IDLE state. 
· The eNB does not provide a Type 1 transmission resource pool in SIB: In this case, the previously obtained Type 1 resource configuration may remain valid for D2D discovery transmission in IDLE state if the Type 1 resource pools are shared for the CONNECTED and IDLE UEs. Until now, it is not clear how many Type 1 resource pools shall be configured for a given eNB and whether the Type 1 resource pools shall be shared for CONNECTED and IDLE UEs. However, from the perspective of resource efficiency, shared Type 1 resource pool for both CONNECTED and IDLE UE are preferred. In that case, the Type 1 resource configuration could be still valid when the UE enters IDLE state. It should be noted that the Type 1 resource pool may be changed and the previously obtained Type 1 resource configuration information becomes out of date. In order to avoid this, it is recommended that the Type 1 resource pool configuration used for IDLE state are associated with a validity timer. This timer starts when the UE enters IDLE state. If the validity timer expires and the UE still wants to perform D2D discovery transmission, the UE should enter the CONNECTED state to ask for the updated Type 1 resource pool configuration. 
Proposal 5: CONNECTED and IDLE UEs should share the same Type 1 transmission resource pool, for resource efficiency reasons.
Proposal 6: If the eNB does not provide a Type 1 transmission resource pool in SIB, the previously obtained Type 1 resource configuration when the UE was in RRC CONNECTED state remains valid in IDLE state until a validity timer expires or the UE moves to other cells. 
D2D discovery resource configuration update
After the UE receives the D2D discovery resource configuration, the Type 1 and Type 2 resource configuration may be changed due to a resource pool update or a UE request. A D2D discovery resource configuration update by the eNB may be triggered with the following conditions:
· Type 1 transmission resource pool change: If the Type 1 transmission resource pool is provided by the eNB in SIB, the Type 1 transmission resource pool change could follow the system information update procedure. However, if the Type 1 transmission resource pool is configured through dedicated signaling, the UEs that previously configured the Type 1 transmission resource should be notified about the Type 1 transmission resource pool change.
· Type 2 transmission resource pool changes: If the Type 2 transmission resource pool is reduced or the resource location is changed, the eNB may reconfigure an appropriate D2D discovery resource to the UE.
· Request from a D2D UE: If the UE was previously configured with Type 1 resource for D2D discovery transmission in CONNECTED state and overload is detected for the Type 1 resource pool, a D2D UE may send the D2D discovery resource configuration update request to the eNB. Upon receiving such request, the eNB may re-configure the dedicated Type 2B resources to the UE, if available. 
The corresponding signalling flow for the D2D discovery resource configuration update is presented in Figure 4. The D2D discovery resource configuration update procedure could reuse the D2D discovery resource reconfiguration and D2D discovery resource reconfiguration complete message. Upon receiving the D2D discovery resource reconfiguration message with updated information, the UE overrides the previous D2D resource configuration and the updated D2D resource configuration may take effect immediately. 
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Figure 4. D2D discovery resource configuration update.
Proposal 7: Consider the proposed signalling flows for D2D discovery resource configuration, D2D Type 2B discovery resource release and the D2D discovery resource configuration update. 

3   Conclusion
In this contribution we analyzed the D2D discovery resource configuration procedure step by step. Based on the analysis some proposals are made on how to continue the work:
Proposal 1: consider priority handling of D2D UEs during the Type 2 resource allocation, such as the preemption of D2D discovery resources from low priority UEs. 
Proposal 2: If both Type 1 and Type 2 resources are supported, the eNB should configure only one type of D2D discovery resources for D2D discovery transmission of a UE in CONNECTED state. Type 2B resource is prioritized and Type 1 resource is configured for CONNECTED UE’s discovery transmission only when there are no available Type 2 resources.

Proposal 3: The configuration of both Type 1 and Type 2 transmission resource for a specific UE only happens when the eNB does not provide the Type 1 transmission resource pool in SIB and the Type 1 resource configuration is only used for UE’s D2D discovery transmission in IDLE state. 
Proposal 4: Type 2B resource is released when the UE enters the IDLE state. 
Proposal 5: CONNECTED and IDLE UEs should share the same Type 1 transmission resource pool, for resource efficiency reasons.
Proposal 6: If the eNB does not provide a Type 1 transmission resource pool in SIB, the previously obtained Type 1 resource configuration when the UE was in RRC CONNECTED state remains valid in IDLE state until a validity timer expires or the UE moves to other cells. 
Proposal 7: Consider the proposed signalling flows for D2D discovery resource configuration, D2D Type 2B discovery resource release and the D2D discovery resource configuration update. 
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