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Introduction
During RAN2#93bis meeting, the mobility issue for V2V was discussed and an email discussion was initiated with regard to how or whether to limit the PC5 interruption time for the handover, cell reselection, RLF/HO failure cases. In this contribution, we discuss the potential mobility enhancements for V2V in these three cases respectively.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
PC5 interruption time in handover case
Issue 1: how to limit the Tx mode 1 PC5 interruption time for handover case?
Assuming that the UE is configured with scheduled resource allocation (mode 1), the vehicle UE could obtain mode 1 resource from the target eNB after the UE access the target eNB and receive the SL grant from target eNB in the handover case, which would introduce long interruption time for V2V service. As is known to all, the exceptional resource pool is defined to cope with the bad link conditions between UE and eNB.  For example, ProSe UE can switch to use the exceptional resource pool instead of eNB scheduled resource for sidelink communication in case of handover failure. When it comes to the V2X communication via PC5, it is suggested to reuse the exceptional resource pool design to alleviate the service interruption even during HO procedure. In other word, it is suggested that the exceptional resource pool of the target cell be transferred to the UE via HO CMD message, and the UE could use the  exceptional resource pool for transmission during T304 is running. 
Proposal 1: To limit the Tx mode 1 PC5 interruption time caused by HO, it’s suggested that the exceptional resource pool of the target cell be transferred to the UE via HO CMD message, and the UE could use the  exceptional resource pool for transmission during T304 is running.
Issue 2: how to limit the Rx (mode 1 and mode 2) PC5 interruption time for handover case?
Another issue was how to limit Rx (mode 1 and 2) PC5 interruption time for handover case. In R12 sidelink communication for Public Safety, it was agreed that the sidelink communication reception resource pool broadcasted by a cell should include the sidelink communication transmission resource pool of itself but also neighbor cells. It is assumed here this design would be inherited in V2V SI. As shown in Fig. 1, when moving from cell A to cell B, since the sidelink communication reception resource pool in SIB18 of cell A comprises the sidelink communication transmission resource pool of cell B, UE is able to receive the V2V messages transmitted by UEs served by cell B. And after completing HO, UE could then read the SIB18 of cell B and update the sidelink communication reception resource pool configuration so that it is able to receive the V2X messages transmitted from UEs served by cell C. Some company have concern that the associated cell ID for the pools is not broadcasted by source cells in last meeting. In our opinion, UE has to monitor all the Rx resource pool in order to support inter-cell V2V communication. So the associated cell ID is not required for UE PC5 reception. On the other hand, there is some concern that the timing of the Rx resource pool obtained from the source cell is with respect to the source cell. In our understanding, after reception of the HO CMD message, the UE could still use the Rx resource pool obtained from the source cell using the DL timing of neighbouring cells or based on the synchronization signal sent from peer V2V UEs. As a result, no enhancement is needed with regard to issue 2 (i.e. how to limit the Rx PC5 interruption time for the handover case).


Fig. 1 The Reception Resource Pool Configuration
Proposal 2: Since the sidelink Rx resource pool of the serving cell contains the sidelink Tx resources of neighbour cells, the UE could use the Rx resource pool received in the serving cell during handover.
PC5 interruption time in Cell reselection case 
In the cell reselection case, the UE shall stop using the former V2V communication resource pool after the UE reselects and camps on the newly find cell. And the UE could resume the V2V communication after the UE obtains the sidelink communication Tx and Rx resource pool for V2V from the SIB18 of the new cell. According to TS 36.331, the periodicity of the SI-message (i.e. si-periodicity) could be configured with 8/16/32/64/128/256/512 radio frames. Assuming the SIB18 broadcast period is 320ms, the average time for the SIB18 acquisition would be 160 ms for the PC5 based V2V communication. During the course, the PC5 communication is interrupted and therefore it is hard to meet the stringent latency requirement of V2V service. As proposed in the email discussion, interruption time in the cell reselection case could be limited via UE/eNB implementation, i.e. checking SIB18 before camping on the new serving cell, or shorten the value of the periodicity of the SIB for sidelink communication transmission resource pool broadcast. However, there would be more UE power consumption if the UE checks SIB18 during the cell reselection phase before camping on the new serving cell since there would be several candidate cells which satisfy the S-criterion. On the other hand, it is suggested that the serving cell could broadcast the sidelink resource pools of neighbour cells to UEs, just as the R13 D2D discovery does. 
Proposal 3: In order to limit the interruption time in the cell reselection case, it is suggested that the serving cell could broadcast the resource pool of neighbour cells to UEs if available.
PC5 interruption time in RLF/HO failure case
[bookmark: OLE_LINK143]Fig. 2 illustrates the scenario of RLF or HO failure occurs at source cell. When HO failure occurs at source cell, UE detects RLF before receiving HO CMD message. Then if configured with scheduled resource allocation (mode 1), UE can switch to use exceptional resouce pool configured by source cell during T310/T311. And when T301 is running, UE can use the exceptional resource pool of the cell that it reselects for re-establishment. However, the UE needs to acquire the re-establishment cell’s SIB18 to obtain the exceptional pool for transmission. As we know, the RRC re-establishment procedure would success only when the re-establishment cell is the source cell or the target cell. If the re-establishment cell is the source cell, the UE could use the exceptional pool of the source cell obtained previously for V2V transmission. If the re-establishment cell is the target cell, there would be unacceptable PC5 interruption time since the UE couldn’t obtain target cell exceptional pool via HO CMD message in the case that UE detects RLF before receiving HO CMD message. Similar to the cell reselection case, the interruption time due to the SIB18 acquisition is too long to meet the stringent latency requirement of V2V service. In order to limit the interruption time in the RLF case, it is suggested that the neighbour cells’ exceptional pool could be signalled in the serving cell via broadcast.


Fig. 2 RLF/HOF occurs at Source cell
Proposal 4: In order to limit the interruption time in the RLF case, it is suggested that the neighbour cells’ exceptional pool could be signalled in the serving cell via broadcast.
Fig. 3 illustrates the scenario of HO failure occurs at target cell. When HOF happens at target cell, UE successfully receives the HO CMD message but fails to transmit HO Complete message to target cell. The above analysis is also suitable with the only difference that the UE shall use the exceptional resource pool of target cell instead of source cell during T304/T311. And when T301 is running, UE can use the exceptional resource pool of the cell on which it initiates connection re-establishment. Note that in most cases UE will firstly try to perform cell re-establishment on source cell and target cell, and the RRC re-establishment procedure would be success only when the re-establishment cell is the source cell or target cell. Assuming the target cell’s exceptional resource pool is transferred to the UE via HO CMD message, UE could use the exceptional resource pool of target cell during T301 without acquiring SIB18 of the target cell if the UE initiate the RRC re-establishment in the target cell. 


Fig. 3 HOF occurs at Target cell
Observation: In order to limit the PC5 interruption time, the enhancement proposed in the HO scenario is also applicable for the HOF case, that is,  the exceptional resource pool of the target cell be transferred to the UE via HO CMD message.
Conclusion
In this contribution, we discussed the mobility enhancement for V2V in the handover, cell reselection, and RLF/HO failure cases. And following observations and proposals are provided:
Proposal 1: To limit the Tx mode 1 PC5 interruption time caused by HO, it’s suggested that the exceptional resource pool of the target cell be transferred to the UE via HO CMD message, and the UE could use the  exceptional resource pool for transmission during T304 is running.
Proposal 2: Since the Rx resource pool in the serving cell contains the Tx resources in neighbour cells, the UE could use the Rx resource pool received in the serving cell during handover, however, neighbour cell’s Rx resource pool configuration could be transfered by the serving cell as an optimization.
Proposal 3: In order to limit the interruption time in the cell reselection case, the serving cell could broadcast the resource pool of neighbour cells to UEs if available.
Proposal 4: In order to limit the interruption time in the RLF case, it is suggested that the neighbour cells’ exceptional pool could be signalled in the serving cell via broadcast.
Observation: In order to limit the PC5 interruption time, the enhancement proposed in the HO scenario is also applicable for the HOF case, that is,  the exceptional resource pool of the target cell be transferred to the UE via HO CMD message.
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