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1   Introduction
Regarding high mobility scenario in V2X, several papers have illustrated the problems and corresponding solutions. The identified problems consist of V2X message interruption [1] during HO and high HOF[2]. Here we try to provide analysis on these two issues respectively. Note that since scenario 3 with UE-to-Network relay is considered to be down-prioritized for V2V message [3], this paper shall focus on scenario 1 and 2.
2   V2X Message interruption during HO
2.1   V2X messages delivery via Uu interface
For Scenario 2 where V2X message is delivered over Uu interface, the DL transmission may utilize unicast, MBMS and SC-PTM mechanism. The latency of V2X message is collected in [4] for these three cases: Scenario 2-1(UL→DL_uc), Scenario 2-2(UL→DL_mbms) and Scenario 2-3(UL→DL_scptm). 
Table 1 Latency evaluation for V2X messages [4]
	Mandatory Latency (ms)
	Min Time
	Mean Time
	Max Time

	Scenario 2-1: UL→DL_uc
	50.8
	50.8
	70.8

	Scenario 2-2: UL→DL_mbms
	52
	71
	111

	Scenario 2-3: UL→DL_scptm
	52
	51.5
	72


For V2X message transmission, the interruption time caused by HO is from the reception of RRCconnectionReconfiguration including MobilityControlInfo to the transmission of RRCConnectionReconfigurationComplete, which could reach up to 45.5ms/49.5ms according to [5]. This extra delay applies to V2X transmision on UL for all three cases mentioned in Table 1. When it comes to V2X message reception, the impact of HO interruption are different for these three cases. For DL_unicast, eNB cannot start data transmission due to the mismatch of PDCP/RLC/MAC/PHY configuration between two peers during HO, in other words, the delay mentioned above applies for this case. For DL_mbms, when UE moves around the same MBSFN area, the reception of MCCH/MTCH could be maintained since multiple cells within the MBSFN area transmit exactly the same data in a synchronized manner. When UE moves across MBSFN areas, the UE reads SIB13 first and then receives MCCH and MTCH. For DL_scptm, the UE reads SIB20 first and then receives SC-MCCH and SC-MTCH. That is to say, the interruption time caused by HO does not apply to the V2X message reception for Scenario 2-2 and Scenario 2-3. 
Hence here we focus on the transmission delay on UL and reception delay specific to DL_unicast. As suggested in [1], the solutions proposed by Latency Reduction SI may be utilized, for example, the solution-RACH-less HO and solution-sending and receiving HO messages from both source and target cells. Also, [2] presents that the quick RRC resumption solution in NB-IOT could be also useful.

To us, it is a good idea to reuse the solutions from other SI/WI in V2X study. However, those solutions should be evaluated first on the feasiblity to high mobility vehicles. To be specific, the RACH-less HO requires critical synchronization between source and target eNBs, which brings a stringent requirement to V2X deployment. And to support sending and receiving HO messages from both source and target cells, especially for intra frequency HO scenario, it is not yet supported by the current UE implementation and may be extra functionality such as interference handling should be enhanced for UE in order to support this feature. Furthermore, we notice that the above two solutions are going to be discussed and down selected in [6] and it is recommended to wait for their progress. With regards to the quick RRC resumption, it was firstly proposed to support fixed UEs to quicky resume RRC connection from RRC idle state. In other words, it targets the scenario when UE fails to perform RRC re-establishment and then turns into idle state. Hence, it’s not the case under discussion here. 
With the above concerns to the existing solutions, we here present another thought to handle the issue. With the addition of the delay 45.5/49.5ms caused by HO, the total mean delay values change to 96.3/100.3ms, 116.5/120.5ms and 97/101ms respectively for DL_unicast, DL_mbms and DL_scptm. As we can see, for DL_unicast and DL_scptm, the total mean delay value can more or less meet the 100ms requirement. And for DL_mbms, we suggest to consider localized MBMS to improve the end-to-end latency performance.

Observation 1: The total mean V2X message latency during HO in case of DL_unicast and DL_scptm can meet the requirement.
Proposal 1: It is proposed to consider localized MBMS to improve the end-to-end latency performance.
2.2   V2X messages delivery via PC5

In scenario 1 vehicle UEs transmit V2X message to each other through one to many sidelink communication. If configured with scheduled resource allocation (mode 1), the vehicle UE cannot start V2X message transmission until it sends out RRCConnectionReconfigurationComplete. However, if configured with autonomous resource allocation (mode 2), the vehicle UE can use the communication resource pool for transmission carried in HO CMD message during HO procedure.
To eliminate the interruption time caused by HO in mode 1, it is suggested to consider using exceptional resource pool for transmission while T304 is running. As known, 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 for V2V communication to alleviate the service interruption even during HO procedure. In order to do so, the exceptional communication resource pool for transmission needs to be supported in commercial V2X scenario and its configuration of target cell should be transferred to UE by HO CMD message.
Proposal 2: To eliminate the interruption time caused by HO in mode 1, it’s proposed to support using exceptional resource pool to transmit V2X messages while T304 is running. And the configuration of target cell’s  exceptional resource pool is suggested to be transferred to UE by HO CMD message.

Another issue mentioned during last meeting was whether the reception resource pool should be carried in HO CMD message. This problem applies to both mode 2 and mode 1 where exceptional resource pool is configured as explained above. This is believed as a solution not necessary but only optimizing for the following reason. In R12 sidelink communication for Public Safety, it was agreed that when a cell makes its configuration of communication resource pool for reception, it should take into account its neighbor cells’ configuration on communication resource pool for transmission. It is assumed here this idea would be inherited in V2X SI. As shown in Fig. 1, when moving from cell A to cell B, since the communication resource pool for reception in SIB18 of cell A comprises the communication resource pool for transmission in cell B, UE is able to receive the V2X messages transmitted by UEs from cell B. And after completing HO, UE could then read the SIB18 of cell B and update the configuration of communication resource pool for reception to receive the V2X messages transmitted from UEs of cell C. In this case, not having the communication resource pool for reception of target cell (cell B) is not a big issue due to the long distance between UE and cell C.
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Fig. 1 The Reception Resource Pool Configuration
Proposal 3: It’s proposed not to include the reception resource pool in HO CMD message.
3   High HOF Issue
3.1   V2X messages delivery via Uu interface
Another issue related to high mobility is high HOF rate because it causes consequent extra delay due to the cell re-selection and RRC re-establishment procedure. The HOF problem in high mobility scenario has been identified in HetNet SI/WI and a lot of potential solutions were brought up there. Besides, since there will be down selections on some potential solutions to enhance the mobility performance in another WI [6], we suggest to leave the discussion there.
Proposal 4: The high HOF issue for Uu based V2X operation shall be left to WI-LTE_eMob-Core and we don’t need to discuss it in V2X SI.

3.2   V2X messages delivery via PC5
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Fig. 2 HOF occurs at Source cell

As shown in Fig. 2 and Fig. 3, HOF can occur at either source cell or target cell. When it happens at source cell, UE declares RLF before receiving HO CMD message. Then if configured with scheduled resource allocation (mode 1), UE can switch to using 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 on which it initiated connection re-establishment. On the other hand, if configured with autonomous resource allocation (dedicated resource pool in mode 2), since UE stays in RRC connected state even during T310/T311/T301, UE can keep using the configured dedicated resource pool.  
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Fig. 3 HOF 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 differnece 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, meaning that in most cases even before reading SIB18, UE may already have the exceptional resource pool configuration during T301.
Observation 2: When HOF occurs, if configured with mode 1 UE can always fall back to exceptional resource pool or else keeps using dedicated autonomous resource pool in mode 2.
4   Conclusion
In this contribution, we illustrated the initial consideration on the potential high mobility related issues in V2X, which consist of V2X message interruption and high HOF. Following observations and proposals are provided:
Observation 1: The total mean V2X message latency during HO in case of DL_unicast and DL_scptm can meet the requirement.

Proposal 1: It is proposed to consider localized MBMS to improve the end-to-end latency performance.
Proposal 2: To eliminate the interruption time caused by HO in mode 1, it’s proposed to support using exceptional resource pool to transmit V2X messages while T304 is running. And the configuration of target cell’s  exceptional resource pool is suggested to be transferred to UE by HO CMD message.

Proposal 3: It’s proposed not to include the reception resource pool in HO CMD message.
Proposal 4: The high HOF issue for Uu based V2X operation shall be left to WI-LTE_eMob-Core and we don’t need to discuss it in V2X SI.

Observation 2: When HOF occurs, if configured with mode 1 UE can always fall back to exceptional resource pool or else keeps using dedicated autonomous resource pool in mode 2.
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