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1 Introduction
During RAN2#86 meeting, the topic related to exceptional cases for Mode 2 was discussed and some agreements were reached [1]. Based on the agreements, the eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool which the UE is allowed to use only in exceptional cases and rely on mode-1 otherwise. The UE would consider itself to be in exceptional conditions while T311 or T301 is running and could then use mode-2 resources provided by the current cell. Also some open issues regarding exceptional conditions were brought up, as cited below. 
The UE considers itself to be in exceptional conditions while T311 or T301 is running and may use mode-2 resources provided by the current cell. Further details (exit condition… FFS).
FFS whether the UE considers it an exceptional case when it cannot connect to the cell (T300 expires) or when it does not get any mode-1 resources assigned. 
FFS whether the eNB may provide mode-2 resources for exceptional cases in SIB (if so, 6a would need to be updated accordingly)
 FFS whether further exceptional conditions are needed.
In this contribution, we analyze the exceptional conditions for connected UEs and idle UEs respectively. Then we investigate whether further exceptional conditions are needed for connected and idle UEs. Finally, some considerations are shown regarding Mode 2 resource usage for the purpose of service continuity assurance.
2 Discussion
Exceptional cases for CONNECTED UEs
In this section we discuss the exceptional cases where CONNECTED UEs are allowed to use Mode 2 temporarily when configured to use Mode 1. Three potential exceptional cases are analysed in the following: re-establishment, no mode 1 grant received and DL received power measurement below a threshold. 
 Re-establishment
According to the agreements reached in RAN2#86 meeting [1], a UE considers itself to be in exceptional conditions while T311 or T301 is running and may use mode-2 resources provided by the current cell. However, the exit condition for this case needs further consideration, i.e. when to stop using mode 2 resource pool for exceptional cases. 
A UE starts timer T311 upon initiation of re-establishment procedure. According to [2], a UE initiates the re-establishment procedure when one of the following conditions is met: 1) upon detecting radio link failure; 2) upon handover failure; 3) upon mobility from E-UTRA failure; 4) upon integrity check failure indication from lower layers; 5) upon a RRC connection reconfiguration failure. When any one of these conditions is detected, the UE starts timer T311 and performs cell selection. Upon selecting a suitable E-UTRA cell, the UE stops timer T311 and starts timer T301, and then initiates transmission of the RRCConnectionReestablishmentRequest message. On the other hand, if no suitable E-UTRA cell is found before the expiry of T311, the UE leaves connected mode. After the transmission of the RRCConnectionReestablishmentRequest message, the RRC re-establishment procedure succeeds if the RRCConnectionReestablishment message is received before the expiry of T301. Otherwise, the RRC re-establishment procedure fails. In summary, there are two possible cases after timer T311 or T301 are started by the UE:
· Case 1) A RRCConnectionReestablishment message is received by the UE, so that the RRC re-establishment procedure succeeds; or
· Case 2) The UE leaves RRC_CONNECTED and enters RRC_IDLE. 
Obviously, case 1) should be regarded as an exit condition for the exceptional conditions after the UE starts T301 or T311, so that the UE shall go back to the mode 1 resource allocation mechanism. With regards to case 2), the UE would perform cell selection and attempt to camp on a suitable cell. According to the agreement in RAN2#85bis [3], a UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE). As a result, an IDLE UE should be regarded as out of coverage before camping on a cell and should not be allowed to use the mode 2 resources for exceptional cases configured by the previous serving eNB. Upon the RRC re-establishment failure a UE should then stop using mode 2 resources for exceptional cases, i.e. case 2) should also be regarded as an exit condition of the exceptional case of UE re-establishment. In a summary, the exit conditions for the exceptional case of RRC re-establishment should include case 1) and case 2), which could be described as neither T301 nor T311 is running.
Proposal 1: After T301 or T311 is started, the UE exits the exceptional case if neither T301 nor T311 is running.
Other exceptional cases
In this section, we discuss whether other exceptional cases are needed for CONNECTED UEs, except from the re-establishment case. 
· DL received power measurement below a threshold
As agreed in the last RAN2 meeting, a UE considers itself to be in exceptional conditions while T311 or T301 is running, i.e. upon the initiation of the RRC re-establishment procedure. However, there are still some doubts whether it may be too late for the UE to switch to mode 2 upon the initiation of RRC re-establishment procedure. As stated in [4], the total delay of D2D service discontinuity (RLF detecting delay + D2D scheduling recovery delay) in case of a RLF event could be more than 1 or 2 seconds, which is unbearable for public safety users. As a result, if dynamic mode 1 resource allocation mechanism is used for in coverage UEs, an early detection criterion for exceptional cases should be studied and introduced to assure the service continuity. The DL received power (RSRP) measurement of the serving cell could be used as a detection criterion for exceptional cases. For example, if the RSRP measurement of the serving cell is below a threshold (configured by the serving cell), the UE could consider being in exceptional condition and then trigger the switch from mode 1 to mode 2. Later the UE may return to mode 1 if the RSRP measurement of the serving cell above the configured threshold is detected for the exit condition. Or the UE may finally suffer from radio link failure and fall into the re-establishment exceptional case. 
Proposal 2: The DL received power measurement of the serving cell could be considered as a criterion for an exceptional case to temporarily use mode 2.
Proposal 3: (If Proposal 2 is agreeable) The eNB could configure D2D UEs with the RSRP measurement threshold for exceptional case through dedicated RRC signalling.
· No mode 1 resource grant received after sending D2D BSR
After sending the D2D BSR, the UE may be not able to receive any mode 1 resource grant due to no available mode 1 resource or poor radio link condition. In the former case (no mode 1 resources available in the eNB in overload situation) the eNB may determine to reconfigure the UE with mode 2. Or the eNB may schedule the UE later In this case the UE should not switch to mode 2 autonomously when no grant is received after sending D2D BSR and better wait for a later grant. On the other hand, if no resource grant is received due to poor radio link condition, the UE may also detect the RSRP measurement to be below the advertized threshold and then could consider itself to be in an exceptional case and trigger the switch to mode 2 by other means. In conclusion, no resource grant received should not be considered as an exceptional case and the UE should wait for an explicit eNB reconfiguration or a later grant.
Proposal 4: No resource grant received should not be considered as an exceptional case and the UE should wait for an explicit eNB reconfiguration or a later grant in this situation.
Exceptional cases for IDLE UEs
In this section, we discuss whether exceptional case for IDLE UEs are needed, e.g. when a UE cannot connect to the cell. According to the agreement in the last meeting [1], there are two alternative options for IDLE UEs:
Alternative 1) The eNB may provide in SIB a mode 2 resource allocation transmission resource pool that authorised UEs may use while in IDLE.
In this case, there is no need for exceptional case for IDLE UE since all IDLE UEs could use the mode 2 transmission resource pool provided in SIB. However, it is not clear what kind of IDLE UEs could use the mode 2 resources in SIB. Obviously, UEs which are camped normally on the cell could use the mode 2 resources provided in SIB. But it should be decided whether IDLE UEs could use mode 2 resources indicated in SIB before the UE successfully camps on the cell, i.e. when the UE is performing PLMN selection or cell selection. In our understanding, as a baseline, it should be clarified that IDLE UEs could use the mode 2 transmission resource pool in the SIB only when camping normally on the cell providing the mode 2 resources. Whether IDLE UEs in limited service state (camped on any cell state) could use the mode 2 resources in the SIB is still FFS.
Observation 1: There is no need for exceptional cases for IDLE UEs if the eNB provides mode 2 resources for IDLE UEs in SIB.
Proposal 5: It should be clarified that an IDLE UE could use the mode 2 resources indicated in SIB only when it is camping normally on the cell providing the mode 2 resources.
Alternative 2) the eNB doesn’t provide mode 2 resources in SIB but indicates that D2D is supported, the UE needs to enter RRC_CONNECTED if it wants to perform ProSe Direct Communication transmission. 
In this case, the UE shall initiate RRC connection establishment procedure to obtain mode 1 or mode 2 resources from the eNB through dedicated RRC signalling. However, the RRC connection establishment procedure may fail due to several reasons: access to the cell is barred; reception of of the RRCConnectionReject by the UE; cell reselection while T300, T302, T303, T305 or T306 is running; T300 expiry. Here we analyze whether the UE considers it an exceptional case when it cannot connect to the cell, i.e. the RRC connection establishment procedure fails.
According to agreements in RAN2#85bis [4] and RAN2#86 meeting [1], a UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE). While being in the coverage area of an E-UTRA cell, the UE may only perform ProSe Direct Communication transmission on the UL carrier of that cell only on the resources assigned by that cell. In our opinion, what should be clarified is whether pre-configured mode 2 resources (i.e. resources pre-configured for the out-of-coverage case) could be used by an IDLE UE which is camping on a cell if the RRC connection establishment procedure fails. There are three options:
1) Option a) Pre-configured mode 2 resources could be used when a normally camped UE could not establish a RRC connection to the cell. In this option, an IDLE UE could use the pre-configured mode 2 resources before obtaining resources from the eNB using dedicated signalling. There is no need for a new exceptional case for IDLE UEs. And the eNB doesn’t need to provide mode-2 resources for exceptional cases in SIB.
2) Option b) Pre-configured mode 2 resources can’t be used when a normally camped UE could not establish a RRC connection to the cell. While the UE could use the pre-configured resources before camping on a cell, after camping on the cell, there would be no resources available for the IDLE UE until the RRC establishment succeeds and the UE obtains resources from the eNB using dedicated signalling. This will introduce an interruption of the ProSe communication transmission. For the purpose of service continuity assurance, the eNB could provide mode 2 resources for exceptional cases in SIB. And the UE could detect to be in the exceptional case when the RRC connection establishment procedure fails and then use mode 2 resources for exceptional cases received in SIB.

3) Option c) Pre-configured mode 2 resources can’t be used when a normally camped UE could not establish a RRC connection to the cell and the eNB doesn’t provide mode 2 resources for exceptional cases in SIB. In this option, if a normally camped UE cannot establish a RRC connection to a cell not providing mode 2 resources for Idle UEs in SIB, it simply cannot perform ProSe communication. The UE could try to initiate the RRC connection establishment later or the UE may re-select another cell when a better cell is detected.
As shown above, in option b) new exceptional cases needs to be defined and signalling of mode 2 resources for exceptional cases in SIB should be added, which will introduce additional special cases and complexity. In contrast, to support option a) no additional specification modification is needed. However, option a) violates the agreement made in RAN2#86 meeting [1]. As a result, we conclude that option c) should be adopted since it’s much simpler and complies with the agreement made during the last RAN2 meeting.
Proposal 6: If a normally camped UE cannot establish a RRC connection to a cell not providing mode 2 resources for Idle UEs in SIB, it simply cannot perform ProSe communication.
If proposal 6 is adopted, there is also no need to define exceptional case for IDLE UEs for alternative 2). The eNB doesn’t need to provide mode 2 resources for exceptional cases in SIB no matter whether the eNB provides mode 2 resources for IDLE UEs in SIB or not.
Proposal 7: The eNB doesn’t need to provide mode 2 resources for exceptional cases in SIB.
Considerations on mode 2 resource usage
As discussed above, a Connected UE considers itself to be in exceptional conditions while T311 or T301 is running (or DL measurement below a threshold is detected) and could use the mode 2 resources for exceptional case configured by the serving cell. And then the UE exits the exceptional case if neither T301 nor T311 is running. So, in the case that the RRC connection re-establishment procedure succeeds, the UE could resume mode 1 resource allocation mechanism. However, if the RRC connection re-establishment procedure fails, the UE would leave RRC_CONNECTED and proceed with cell selection. Before the UE finds a suitable E-UTRA cell and camps on the cell, pre-configured mode 2 resources could be used for ProSe communication transmission. Once camped on a suitable E-UTRA cell, the UE would stop using the pre-configured mode 2 resources for the out-of-coverage case. There would be no available resource for the UE before the UE obtains them from the serving cell via SIB or dedicated signalling. The UE could obtain mode 2 resources in idle mode if mode 2 resources are provided in SIB of the serving cell. If there are no mode 2 resources advertised in SIB, the UE would need to establish a RRC connection to obtain available mode 1 or mode 2 resources. In summary, ProSe communication would be interrupted until the camped normally UE obtains resources from the serving cell via SIB or dedicated signalling. 
One possibility to address this issue is to introduce the possibility for the eNB to configure a validity timer along with the mode 2 transmission resource pool via dedicated RRC signaling or SIB. A connected UE could start the validity timer when the exceptional condition is satisfied. The UE could use the mode 2 resources for exceptional case obtained via dedicated RRC signaling before the validity timer expiry. If the validity timer expires and the exit condition for the exceptional case is satisfied, the UE should stop using the mode 2 resources for exceptional case previously obtained. An Idle UE could start the validity timer if the UE re-selects to another cell. The UE could use the mode 2 resources obtained via SIB from the former cell before the validity timer expiry even if the UE is not longer camping on that cell. The validity timer should be configured so that the UE could recover from the RRC re-establishment or obtain mode 1 or mode 2 resources from the newly camped cell during the time duration of the validity timer. And upon the expiry of the validity timer, the UE should delete the mode 2 resources obtained from the former cell.
Proposal 8: Consider the possibility for the eNB to configure a validity timer together with the mode 2 transmission resource pool via dedicated RRC signaling or SIB. The validity timer should be started upon exceptional case or cell re-selection. And the UE could use mode 2 resource pool obtained from the previous eNB before the expiry of the validity timer.
3 Conclusion & recommendation
In this contribution, we analyzed the exit condition for the exceptional case CONNECTED UEs. And then we investigated whether further exceptional conditions are needed for connected and idle UEs. Finally, we presented some considerations regarding mode 2 resource usage for the purpose of service continuity assurance. 
Proposal 1: After T301 or T311 is started, the UE exits the exceptional case if neither T301 nor T311 is running.
Proposal 2: (If Proposal 2 is agreeable) The DL received power measurement of the serving cell could be considered as a criterion for an exceptional case to temporarily use mode 2.

Proposal 3: The eNB could configure D2D UEs with the RSRP measurement threshold for exceptional case through dedicated RRC signalling.
Proposal 4: No resource grant received should not be considered as an exceptional case and the UE should wait for an explicit eNB reconfiguration or a later grant in this situation.
Observation 1: There is no need for exceptional cases for IDLE UEs if the eNB provides mode 2 resources for IDLE UEs in SIB.
Proposal 5: It should be clarified that an IDLE UE could use the mode 2 resources indicated in SIB only when it is camping normally on the cell providing the mode 2 resources.
Proposal 6: If a normally camped UE cannot establish a RRC connection to a cell not providing mode 2 resources for Idle UEs in SIB, it simply cannot perform ProSe communication.
Proposal 7: The eNB doesn’t need to provide mode 2 resources for exceptional cases in SIB.
Proposal 8: Consider the possibility for the eNB to configure a validity timer together with the mode 2 transmission resource pool via dedicated RRC signaling or SIB. The validity timer should be started upon exceptional case or cell re-selection. And the UE could use mode 2 resource pool obtained from the previous eNB before the expiry of the validity timer.
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