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1 Introduction
While ProSe Rel.12 was designed to mainly operate in low mobility scenarios, the V2X framework obviously needs to cope with higher UE mobility.

In this paper, we present possible solutions to enhance sidelink performances in the area of mobility, e.g. handover, cell (re)selection. 

2 Discussion
In the email discussion [1], RAN2 has analysed some open issues and solution both in the area of handover and cell (re)selection. In this paper, we discuss some aspects that in our opinion need further clarifications.
2.1 Sidelink enhancements at handover

Similar to Uu, also UEs engaged in PC5 communications are subject to latency when performing the handover. Looking at ProSe, a UE when receiving handover command releases source cell resources and before resuming operations on PC5 it needs to wait for the target cell sending dedicated signalling indicating mode 1 and mode 2 resource allocation respectively, or a dedicated PDCCH SL grant for mode 1. Therefore there is a handover interruption that in worst case can be long as T304. 
The above issue has been discussed in RAN2#93-bis meeting, and RAN2 has agreed that there is an interruption time and that RAN2 will study mechanisms to limit the PC5 interruption time due to handover.

Observation 1 The handover procedure interrupts side-link operations. In worst case the interruption can be up to T304.
To reduce this PC5 service interruption issue some alternatives are possible. One possibility is to include PC5 resources for the target cell as well as information about synchronization configuration in the target cell in the handover command. For example if the target cell uses GNSS-based synchronization for sidelink the UE may continue PC5 operations virtually without any interruption during the handover operation if the PC5 resources are included in the handover command. 
The above solution seems to have found some consensus in the RAN2 email discussion [1]. In particular it was discussed that for mode-1, an exceptional pool can be provided in HO command. Such exceptional pool should be used for the entire duration of HO while T304 is running.
In our opinion the usage of such exceptional pool for HO is not necessary. Defining another pool just to be used for handover purposes simply increases the spectrum fragmentation with no clear gains. For example, the performance of a UE configured with mode-1 in source cell might be affected if the UE is switched to exceptional pool at handover. Rather, we think it is better if mode-1 is kept during handover as well.
Proposal 1 It is beneficial if a UE can use scheduled resources (i.e. mode-1) during handover rather than exceptional resource pools. 

In particular, we believe that the target eNB should have the possibility to configure an UE currently doing handover either with mode-1 or mode-2 resources.
Proposal 2 The target eNB should send to source eNB the appropriate sidelink resource configuration either mode-1 or mode-2 (including synchronization configuration) for the vehicle UE in the Target-to-source transparent container in the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB.

Another issue that was raised in the RAN2 email discussion is for how long the UE should use such resources provided via HO command. In our opinion, such resources should be used at most until T304 expiry which indicates handover failure. 

However, in case mode-2 resources are transferred at HO command, we believe that such resources can be used also upon successful establishment in the target cell. Similarly, if mode-1 resources were transferred at HO command, it is up to eNB implementation to decide whether to provide a new grant (via PDCCH) or not once the UE has performed random access in target cell.

Proposal 3 UE starts using sidelink resources of target cell after reception of handover command and stops either at T304 expiry or when the target cell provides a new mode-1/mode-2 configuration.
2.2 Sidelink enhancements at cell re-selection
Whether to optimize cell (re)selection for sidelink V2X operations was also discussed in the RAN2 email discussion.

Two possible alternatives can be considered to reduce latency:

1. UE continues using resources of old cell before it obtains resource pool from new cell.
2. UE should obtain the V2X resource pool of new cell prior to selecting new cell, e.g. from the cell where the UE is currently camping.

Alternative 1 might create interference towards target cell, while alternative 2 would increase the signalling overhead. Since in principle each cell should provide resource pool information for all its neighbouring cells, we prefer to avoid such approach.
Observation 2 Solutions to reduce sidelink interruption at cell (re)selection might increase signalling overhead. 

On the other hand, we believe that we can rely on UE implementation to early acquire relevant SIB information to perform cell (re)selection timely.  
Proposal 4 RAN2 does not study optimization mechanism to reduce sidelink interruption at cell (re)selection.

2.3 Usage of exceptional pools for RLF
In Rel-12 D2D communication, in case of RLF if T310/T311 is running and if the PCell broadcasts exceptional Tx resource pool configuration, the UE still can perform PC5 transmission on mode 2 using the exceptional Tx resource pool configuration, as long as the UE was configured with mode-1 resources before RLF was declared. 
Our understanding is that the main reason to introduce exceptional pool was to avoid interference towards UL since ProSe and UL Uu operations were in the same carrier. However, this does not seem to be the case of V2X, where the V2X carrier (e.g. at 5.9 Ghz) it is not meant to be used for Uu operations.
Observation 3 Due to the expected V2X deployment, interference of sidelink towards UL Uu does not seem to be an issue.
Additionally, compared with Rel.12/13, in V2X we will likely define additional pools for mode-2 and mode-1 operations, e.g. pools for V2X, P2X, I2X, for different operators in shared carrier and also zones. All of this will results in spectrum fragmentation that is not beneficial for the performance.
For example, the UE can simply fall back to mode-2 pools, rather than using exceptional pools.

Proposal 5 In case of RLF, rather than exceptional pools, the UE can fall back to mode-2 pools.

3 Conclusion

In section 2 we made the following observations:
Observation 1
The handover procedure interrupts side-link operations. In worst case the interruption can be up to T304.
Observation 2
Solutions to reduce sidelink interruption at cell (re)selection might increase signalling overhead.
Observation 3
Due to the expected V2X deployment, interference of sidelink towards UL Uu does not seem to be an issue.


Based on the discussion in section 2 we propose the following:
Proposal 1
It is beneficial if a UE can use scheduled resources (i.e. mode-1) during handover rather than exceptional resource pools.
Proposal 2
The target eNB should send to source eNB the appropriate sidelink resource configuration either mode-1 or mode-2 (including synchronization configuration) for the vehicle UE in the Target-to-source transparent container in the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB.
Proposal 3
UE starts using sidelink resources of target cell after reception of handover command and stops either at T304 expiry or when the target cell provides a new mode-1/mode-2 configuration.
Proposal 4
RAN2 does not study optimization mechanism to reduce sidelink interruption at cell (re)selection.
Proposal 5
In case of RLF, rather than exceptional pools, the UE can fall back to mode-2 pools.
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