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1 Introduction
During RAN2#85bis meeting, the topics related to the SA resource pool were discussed extensively. Regarding the SA resource (pool) for monitoring/transmission, the following observations and agreements were achieved [1]. 
	Observation 1
All UEs (i.e. both in and out of coverage) should monitor an SA resource pool which is the union of the SA resource pools used for SA transmission in all cells and SA transmission out of coverage. 

Observation 2
 Out of coverage UEs can transmit on an SA resource pool which is known to the UE. 

Observation 3 In coverage UEs can transmit on an SA resource allocated by the eNB if Mode 1 is used. If Mode 2 is used then the UEs can transmit on an SA resource pool known to the UE. 

Agreements

1
The SA resource pool used for monitoring when the UE is out of coverage is pre-configured. 

2
As baseline, the SA resource pool used for transmission when the UE is out of coverage is pre-configured. 

3
SA resource pool used for monitoring when the UE is in coverage is configured by the eNB via RRC, dedicated or broadcasted

4
The SA resource pool used for transmission when the UE is in coverage is not known to the UE if Mode 1 resource allocation is used. Instead the eNB schedules the resource to use for SA transmission. The resource assigned by the eNB is within the SA resource pool for reception provided to the UE. 

5
The SA resource pool used for transmission when the UE is in coverage is configured by the eNB via RRC if Mode 2 resource allocation is used (FFS if dedicated or broadcasted).


However, it is still not clear how D2D UEs deal with different SA resource pools for monitoring obtained from different sources (e.g. pre-configured or configured by the eNB). In this contribution we analyze different SA reception resource pools and the efficiency issue for monitoring UEs. And then we present our suggestion and possible approaches to improve the efficiency of SA monitoring.  
2 Discussion
Efficiency issue for SA monitoring 
Regarding monitoring UEs, it was observed at RAN2#85bis that all UEs (i.e. both in and out of coverage) should monitor a SA resource pool which is the union of the SA resource pools used for SA transmission in all cells and SA transmission out of coverage, to ensure that D2D UEs in coverage (or out of coverage) are able to receive D2D transmission from D2D UEs out of coverage (or in coverage) for partial coverage scenario in Public safety use cases. 
As a result, D2D UEs (both in coverage and out of coverage) need to scan the whole SA resource pool to search for possible SA transmission. In other words, D2D UEs have to spend lots of time on D2D SA monitoring which is both time and energy consuming. However, in most use cases it is not necessary to monitor the whole SA reception resource pool. For example, when a D2D UE moves out of coverage, when the UE is not far away from its last visited cell, it is very likely that only the D2D transmission from the last visited cell and adjacent cells may be received, rather than from all the possible cells. As an optimization, the UE only needs to monitor the SA resource pools used for SA transmission in the last visited cell and adjacent cells in order not to miss the D2D transmission from in coverage UEs. Furthermore, D2D UEs may be only interested in the communication from some specific D2D groups. Assuming that the D2D transmission of these D2D groups is confined within specific SA resource pools, monitoring UEs only need to monitor a subset of the overall SA resource pool for monitoring.
Observation 1: SA monitoring is both time and energy consuming if the UE has to monitor the whole SA resource pool for monitoring (i.e. the union of the SA resource pools used for SA transmission in all cells and SA transmission out of coverage). 
Potential solutions

In this section we discuss potential solutions for efficient D2D SA monitoring. As a matter of fact, in LTE the cell selection mechanism for IDLE UEs has many similarities with the SA monitoring. During cell selection procedure, the UE needs to scan the RF channels in the E-UTRA bands to find a suitable cell and camp on it. In a sense, this is similar to D2D SA monitoring, which aims at finding D2D transmissions of interest. As we know, there are two cell selection procedures: initial cell selection and stored information cell selection. Initial cell selection is used if no history information is stored in the UE to speed up the cell selection process, whereas stored information cell selection could be used if there is history information stored in the UE, e.g. carrier frequencies, cell parameters. However, SA monitoring is different from cell selection in that the cell selection procedure is accomplished once the UE finds a suitable cell, while D2D SA monitoring should be performed periodically in order not to miss any possible D2D transmission.
Based on the design of cell selection and the characteristic of SA monitoring, a few different solutions are proposed for the efficient D2D SA monitoring, as follows. 
SA resource pool for monitoring configured by the eNB 
According to the agreements at RAN2#85bis [1], the SA resource pool used for monitoring when the UE is out of coverage is pre-configured, and the SA resource pool used for monitoring when the UE is in coverage is configured by the eNB via RRC, dedicated or broadcast. On the other hand, based on [3], radio resource parameters could be provisioned by signaling over the PC3 reference point. As a result, there are three sources for the UE to obtain SA resource pool information:

· Via pre-configuration. 
Operator could pre-configure ProSe-enabled Public Safety UEs (e.g. in the UICC) with required provisioning parameters (including radio parameters) for ProSe Direct Communication, without the need for the UEs to connect to the ProSe Function to get this initial configuration [3].
· From ProSe function. 
A D2D UE could obtain SA resource pool for monitoring from the ProSe Function using user plane signalling over the PC3 reference point when the UE is in coverage.
· From the eNB using AS signaling.

Generally speaking, the SA resource pool for monitoring pre-configured or obtained from ProSe function should cover all the possible resource pools used for SA transmission in all cells and also for SA transmission out of coverage. However, it is not clear whether the SA resource pool for monitoring configured by the eNB is the same as the one pre-configured or configured by the ProSe function. 
In our understanding, the SA resource pool for monitoring signaled by the eNB is used for monitoring UEs in coverage, served by the eNB. For the monitoring UEs in coverage, only the D2D transmission from the serving cells and adjacent areas may be received. As a result, the SA resource pool for monitoring configured by the eNB may only include nearby SA resource pools used for SA transmission, i.e. the SA resource pool for transmission for the serving cell and adjacent cells, as well as for nearby out of coverage area, if applicable. And then in coverage UEs may only monitor the SA resource pool for monitoring configured by the eNB, which is a subset of the whole SA resource pool. 
Proposal 1: The SA resource pool used for monitoring configured by the eNB includes the union of the SA resource pool used for SA transmission for the serving cell and adjacent cells, as well as for nearby out of coverage area.
Use the information from the last visited eNB when out of coverage
According to the agreements at RAN2#85bis, out of coverage UEs can use a pre-configured resource pool for monitoring. On the other hand, a D2D UE can obtain the SA resource pool for monitoring from the serving eNB when the UE is in coverage. The question is whether the information obtained from the serving eNB is still valid and can be used when the UE moves from in coverage to the out of coverage area. Assuming that the UE does not move far away from the last visited cell, in order to receive D2D transmission from nearby in coverage UEs, only monitoring the SA resource pool used in the last visited cell and adjacent areas would be enough. The UE could then store the SA resource pool for monitoring received in the last visited cell. And the SA resource pool for monitoring received in the last visited cell could be considered as still valid after the UE moves out of the coverage area. 
Proposal 2: The SA resource pool for monitoring received in the last visited cell could be stored by the UE and could be considered as still valid after the UE moves out of the coverage area. 

It should be noted that SA resource pool for monitoring configured by the eNB may be changed and the previously obtained SA resource pool may become out of date. In order to avoid this, the SA resource pool for monitoring indicated by the eNB should be associated with a validity timer. The timer would start when the UE receives the SA resource pool for monitoring and could be used by a UE that moves out of coverage to know whether the stored information can be considered as still valid or not. Before the validity timer expiration, the stored information would be considered as still valid, and the subset of SA resources would be regarded as high priority, i.e. the UE would first monitor the SA resource pool for monitoring received in the last visited cell. If no D2D SA of interest is found, monitoring of the pre-configured SA pool for monitoring could be initiated. Optionally, the UE could scan the pre-configured SA pool once in a relatively long period for the purpose of power efficiency. Once the validity timer expires, the UE would regard the stored information as invalid and delete it, and then fall back to monitor the very wide pre-configured SA resource pool.
Proposal 3: the SA resource pool for monitoring indicated by the eNB should be associated with a validity timer to help out of coverage UE to determine whether the stored information can be considered as still valid.
Proposal 4: When an out of coverage UE determines that the stored information received from the last visited cell is still valid, such information shall take precedence over the pre-configured resource pool for monitoring. 
Proposal 5: RAN2 could send a LS reply to SA2 suggesting that radio resource parameters obtained through AS signalling while in coverage should take precedence over the corresponding pre-configured parameters (e.g. from UICC and ProSe function).
SA monitoring based on D2D group
In some use cases, a D2D UE may only be interested in some specific D2D groups. And it is likely that D2D communication within a group is confined to relatively fixed resource pools. In this situation, the monitoring UE may only monitor the SA resource pools of its D2D groups of interest. However it is not clear how the UE could obtain the SA resource pools for the groups of interest. Several options for the UEs to obtain the information of the SA resource pools for D2D groups of interest can be proposed.  
Option a. D2D monitoring UEs could obtain the D2D group specific resource information from the serving eNB, via SIB or dedicated RRC signaling. For example, the eNB could signal a list of SA resource pools and the corresponding D2D groups or D2D group types. Or D2D UEs could report their D2D groups of interest to the eNB, and then the eNB could deliver the corresponding SA resource pool information to the UEs via dedicated RRC signaling. 
Option b. D2D monitoring UEs could obtain the D2D group specific resource information via pre-configuration or from the ProSe function over PC3 reference point, if available. 
Option c. The SA resource pool for transmission used by the D2D group could be derived from the D2D group identity, e.g. using some pre-defined rules. 
Observation 2: Efficient D2D group based SA monitoring could be realized if separate resource pools are used for different D2D groups.
Proposal 6: D2D groups based SA resource pool information could be signaled to monitoring UEs. If the UE is only interested in specific D2D groups, the UE could monitor only the SA resource pools of its D2D groups of interest.
3 Conclusion & recommendation

In this contribution we analyzed the efficiency issue for monitoring UEs. And then we presented some suggestions and possible approaches to improve the efficiency of D2D SA monitoring:
Observation 1: SA monitoring is both time and energy consuming if the UE has to monitor the whole SA resource pool for monitoring (i.e. the union of the SA resource pools used for SA transmission in all cells and SA transmission out of coverage). 

Proposal 1: The SA resource pool used for monitoring configured by the eNB includes the union of the SA resource pool used for SA transmission for the serving cell and adjacent cells, as well as for nearby out of coverage area.

Proposal 2: The SA resource pool for monitoring received in the last visited cell could be stored by the UE and could be considered as still valid after the UE moves out of the coverage area. 

Proposal 3: the SA resource pool for monitoring indicated by the eNB should be associated with a validity timer to help out of coverage UE to determine whether the stored information can be considered as still valid.
Proposal 4: When an out of coverage UE determines that the stored information received from the last visited cell is still valid, such information shall take precedence over the pre-configured resource pool for monitoring. 

Proposal 5: RAN2 could send a LS reply to SA2 suggesting that radio resource parameters obtained through AS signalling while in coverage should take precedence over the corresponding pre-configured parameters (e.g. from UICC and ProSe function).

Observation 2: Efficient D2D group based SA monitoring could be realized if separate resource pools are used for different D2D groups.

Proposal 6: D2D groups based SA resource pool information could be signaled to monitoring UEs. If the UE is only interested in specific D2D groups, the UE could monitor only the SA resource pools of its D2D groups of interest.
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