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1 Introduction

In RAN2#93 the following agreements were made related to Mobility related enhancements:
=>
Need further thinking if this is a problem for the rx pool.  RAN2 thinks that the maybe no problem for tx pool for connected mode. 

In this contribution, we discuss in more detail the aspects of mobility and the implications on the AS. 
2 Discussion

In the latency analysis work, it was concluded that the latency requirements for scenario 1 and scenario 2 could be met under specific conditions.  In particular, at RAN2#93, the following agreements were made:
	Agreements:

· The latency requirements can be met for Scenario 1 (mode 1) when SR is set to 1ms and 10ms, the UE is in RRC CONNECTED and assuming mean value.

· The latency requirements can be met for Scenario 2 for connected mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility
· Short scheduling period (i.e. SR or SPS period - 1ms and 10ms) 

· For MBSFN the scheduling period set to 40ms

· The latency requirements can be met for Scenario 2 using SC-PTM for idle mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility
· SR set to 1ms and 10ms 

· Scheduling period 10ms for mean and 1ms for max

· Scenario 3 analysis is down-prioritized for V2V.  FFS for V2P. 



In all of the latency analysis conclusions in [1], as well as the above agreements, the delays associated with mobility have been ignored.

Observation 1 Latency analysis performed thus far has not taken mobility into consideration.

Latency due to mobility can be introduced by:
· 1) The transmission of a V2X message may be delayed by the amount of time required to perform the handover
· 2) V2X service may be interrupted completely in the case of handover failures or RLF, making it impossible to transmit V2X messages until the failure is resolved 

For UEs which move with high speeds (such would be the case with V2X communications), handovers may occur very frequently, and the ability to meet the 100ms delay requirement with a certain percentage of success may be affected by 1).  Furthermore, the probability of failed handovers increases at high speeds, and UEs may often be in scenario 2, where they cannot meet the 100ms latency requirement due to the failed handover.
Observation 2 Latency associated with handover as well as potential handover/RLF failures may affect the ability to meet the V2X latency requirements.
PC5-Based V2X Communication

Based on [2], the service interruption associated with a handover is typically 50ms, and consists mainly of RRC procedure delay (including the handover command processsing), UE processing time (re-tuning, reconfiguration, etc), and RACH procedure.  During this time, the UE is not able to communicate with the network.  

For mode 2 PC5 communication, lack of communication to the network during the service interruption time should not have to result in any delays if the pool information associated with the target cell is known to the UE at the reception of handover command.  The only delay in this case should relate to reconfiguration of the UE to transmit on the pools associated with the target cell and maybe timing acquisition and synchronization to the target cell.  
In the current RRC specifications, the handover command contains the sidelink TX pool information, but the sidelink RX pool information is not included and needs to be obtained from SIB18 of the target cell.  With a periodicity of SIB18 of 320ms, V2X latency requirements may not be met if the UE has to acquire SIB18 after the handover completes.   The UE can possibly acquire SIB18 before the handover occurs, however, this would have to be done without guarantee on a best effort basis.  Additionally, reading the SIB18 of more than one possible target cells prior to handover would result in too large a burden on the UE in the case of frequent handovers.  

To have a predictable behaviour we propose to include the RX pool information in the handover command (similar to the TX pool).
Proposal 1 The RX pool information of the target cell should be included in the RRCConnectionReconfiguration message. 
For mode 1 PC5 communication, service interruption from the handover command will necessarily result in interruption of the V2X communication since the UE cannot receive PC5 grants from the target eNB until the RRCConnectionReconfigurationComplete is sent (e.g. handover is completed).  As a result, handover in the case of a UE configured in Mode 1 will always introduce an additional latency of at most 50ms for any V2X messages which are pending for transmission prior to the handover, or that are generated by the application layer during the handover.  While imposing that V2X UEs utilize only Mode 2 is too restrictive and removes the flexibility of the eNB to control its resources, utilizing some mode 2-like communication only during the service interruption time as a fallback should not impede in the eNBs ability to control its resources the majority of time.  This could consist of the eNB providing specific resource pools to be used during the handover only, and/or having the UE assume Mode 2 during the handover procedure.  This is similar in concept to the R12 exceptional pools mechanism.
Proposal 2 For mode 1, the UE may be configured with mode 2 resources that it can use during handover to avoid service interruption over PC5. 

Upon a handover failure (expiry of T304) the UE initiates a connection re-establishment procedure and starts T311.  This is a condition in R12 for a UE to use the the exceptional pool of resources.  As a result, given the above proposals remain valid for the duration of T304, the UE will continue to have resources it can use to communicate over PC5 during the handover failure cases.
Observation 3 In the case of a handover failure or RLF, a UE using PC5 will utilize the exception pools immediately following the handover failure.

Uu-based V2X Communication

Based on observations made in the PC5 communication case, it should be evident that handover latency as well as handover failure will affect V2X latency when V2X communication is over the Uu interface.  In the case of successful handover, the maximum added latency will be 50ms.  In the case of complete handover failure, the maximum added latency may be significantly larger. 
Observation 4 For Uu-based V2X, both service interruption time and handover failure result in undesirable latency.

While service interruption time and handover failure cannot be avoided without significant changes to the Uu mobility procedures and assumptions, for the cases where a UE can operate under the assumption of either Scenario 1 or Scenario 2 (i.e. it has the option of transmitting to the eNB via uplink, or using the PC5 interface instead), service interruption time could be avoided for V2X communication over Uu by having the V2X UE temporarily revert to the PC5 connection during a handover.

On the other hand, if a UE cannot at a given time rely on a PC5 connection, then enhancements to the mobility procedures should be studied to avoid both handover latency and potential handover failures.  For the case of handover delay, it may be conceivable that a V2X UE may have far more processing power than a regular UE, thus reducing the UE processing portion of the 50ms latency.  In addition to this, if further latency reduction would be required, then enhacements to the actual mobility procedure would need to be considered by RAN2.
Proposal 3 RAN2 to consider switching from Uu to PC5 to reduce delay related to handover handover failure events. 

Proposal 4 If RAN2 considers the UE may use only Scenario 2 in some cases, RAN2 should consider further enhacements to the current Uu mobility procedure. 

Thus far, RAN2 has considered the transmission over PC5 and Uu to be separate scenarios.  However, introducing the potential for a UE to dynamically choose the interface for transmission would require some further analysis on the impacts to the AS, such as how QoS related information is maintained during the switch, and whether/how the receiving UE is made aware of the switching time.  Some of these aspects will depend on how dynamic such a PC5-Uu switch may be (per packet based decision vs more long-term).
Proposal 5 RAN2 to consider the implications of having the AS dynamically switch V2X communication between Uu and PC5. 
3 Conclusion

In this contribution the following observations we made related to mobility:
Observation 5 Latency analysis performed thus far has not taken mobility into consideration.

Observation 6 Latency associated with handover as well as potential handover/RLF failures may affect the ability to meet the V2X latency requirements.

Observation 7 In the case of a handover failure or RLF, a UE using PC5 will utilize the exception pools immediately following the handover failure.

Observation 8 For Uu-based V2X, both service interruption time and handover failure result in undesirable latency.

As a result of the above observations the following proposal was made:

Proposal 6 The RX pool information of the target cell should be included in the RRCConnectionReconfiguration message. 

Proposal 7 For mode 1, the UE may be configured with mode 2 resources that it can use during handover to avoid service interruption over PC5. 

Proposal 8 RAN2 to consider switching from Uu to PC5 to reduce delay related to handover handover failure events. 

Proposal 9 If RAN2 considers the UE may use only Scenario 2 in some cases, RAN2 should consider further enhacements to the current Uu mobility procedure. 

Proposal 10 RAN2 to consider the implications of having the AS dynamically switch V2X communication between Uu and PC5. 
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