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[bookmark: _Ref462817227]Introduction
This paper is to provide further detailed view on the requirements related to mobility dimension when it comes to URLLC and eV2x feature. The paper is revision of R2-1700394.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref462918989]Mobility-related scenarios for URLLC / eV2x
In this section, we look into the requirement of URLLC and eV2x defined by RAN and SA1 while focusing on the related use cases and corresponding requirement for which mobility is required.
For URLLC
From RAN perspective, in TR 38.913, the requirement on URLLC is defined as follows:
“A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency[footnoteRef:1] of 1ms. (NOTE1: Specific value for X is FFS)”. [1:  The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.] 

And as indicated in section 1 above, RAN1 would further define on UE speed assumption later.
From SA1 perspective, in TR 22.862, the requirement on URLLC for mobile case is as follows:
[bookmark: _Ref461453772]Table 1 Mobility-related scenarios for URLLC (from TR 22.862)
	Scenario
	Mobility requirement
	Reliability requirement
	Latency requirement

	Remote control
	200km/h
	[CPR 7.6-003]: near 100 %, TBD
	[CPR 7.6-001]: 5ms

	Prioritised communications
	120km/h
	[CPR 7.7-004]: 99,999 % or higher
	[CPR 7.7-001]: 10ms


From both RAN and SA definition above, it can be seen that URLLC targets at larger than 120km/h mobility level when it comes to remote control and prioritised communication use cases, with challenging requirement on reliability (larger than 99,999%) and latency (less than 10ms) as well.
For eV2x
From RAN perspective, in TR 38.913, the requirement on eV2x is defined as follows:
“For eV2X, for communication availability and resilience and user plane latency of delivery of a packet of size [300 bytes], the requirements are as follows:
· Reliability = 1-10-5, and user plane latency = 3-10 msec, for direct communication via sidelink and communication range of (e.g., a few meters)
· Reliability = 1-10-5, and user plane latency = 2 msec, when the packet is relayed via BS.”.
And as indicated in section 1 above, “the maximum UE speed is currently set to 250 km/h but could be further modified after further SA1 input”.
From SA1 perspective, in TR 22.862, the requirement on eV2x for mobile case is as follows:
[bookmark: _Ref461453789]Table 2 Reliability/Latency-related scenarios for eV2x (from TR 22.886)
	Scenario
	Reliability requirement
	Latency requirement

	Platooning
	[PR-5.1-013]	: [90%] 
	[PR-5.1-012]	: no larger than [25 ms].


	Remote driving
	[PR.5.4-003]:99.999 % or higher
	[PR.5.4-004]	：5 ms

	Automated Cooperative Driving for Short distance Grouping
	[PR-5.5-002]	:90% 
[PR-5.5-005]	: [99.99%] within 80 m range.
	[PR-5.5-001]	: 25 ms.


	Collective Perception of Environment
	[PR.5.6-004]	: [99.999%] within [200m] communication range.
[PR.5.6-005]	: [99.99%] within [500m] communication range.
[PR.5.6-006]	: [99%] within [1000m] communication range.
	[PR.5.6-004]	: [3ms] within [200m] communication range.
[PR.5.6-005]	: [10ms] within [500m] communication range.
[PR.5.6-006]	: [50ms] within [1000m] communication range.

	Cooperative Collision Avoidance (CoCA) of connected automated vehicles
	[PR-5.9-002]	 [99.99%]
	[PR-5.9-001]	: [10 ms]

	Video data sharing for assisted and improved automated Driving (VaD)
	[PR-5.16-001]: [90%] within a communication range of [100m].
[PR-5.16-002]: [99.99%] within communication range of [500m].
	[PR-5.16-001]: [50ms] within a communication range of [100m].
[PR-5.16-002]: [10ms] within communication range of [500m].

	Emergency Trajectory Alignment
	[PR-5.20-001]: [99.999%] within communication range of [500m].
	[PR-5.20-001]: [3ms] within communication range of [500m].

	Teleoperated Support (TeSo)
	[PR-5.21-001]: [99.999%] 
	[PR-5.21-001]: [20ms]


For the mobility requirement, since according to TR 22.886, all the requirements applied to LTE V2X, shown in [TS 22.185], are applied to eV2X as well, unless otherwise stated. The speed requirement stated in TS 22.185 can be listed as follows, i.e., larger than 160km/h as the target speed.
· [R-5.2.5-001]	The 3GPP system shall be capable of transferring messages between UEs supporting V2V application, while the maximum relative velocity of the UEs is 280 km/h, regardless of whether the UE(s) are served or not served by E-UTRAN supporting V2X communication.
· [R-5.2.5-002]	The 3GPP system shall be capable of transferring messages between UEs supporting V2V and V2P application, respectively, while the UE’s maximum absolute velocity is 160 km/h, regardless of whether the UE(s) are served or not served by E-UTRAN supporting V2X communication.
· [R-5.2.5-003]	The 3GPP system shall be capable of transferring messages between a UE and an RSU both supporting V2I application, while the UE’s maximum absolute velocity is 160 km/h, regardless of whether the UE or the RSU is served or not served by E-UTRAN supporting V2X communication.
From b SA1 definition above, it can be seen that eV2x targets at a wide range of reliability requirement from 90% to 99.999%, and latency requirement from 3ms to 50ms, which in some cases limited to a specific communication range. And this requirement is further abstracted into 99.999% and 2ms in RAN version.
So that combing the two, i.e., URLLC and eV2x in short, the reliability / latency performance needs to be considered for mobility case, in order to achieve the requirement above for different URLLC / eV2x use cases.
[bookmark: _Toc461106284][bookmark: _Toc461106308][bookmark: _Toc461216022][bookmark: _Toc461456748][bookmark: _Toc462402122][bookmark: _Toc462919406][bookmark: _Toc473203136]The combination of requirements including ‘mobility + reliability+ latency’ has to be considered for both URLLC and eV2x in specific scenarios.
[bookmark: _Ref461106099]Current LTE performance during handover
According to the definition of ‘reliability’ in TR 22.862, 
Reliability (%): The amount of sent network layer packets successfully delivered to a given node within the time constraint required by the targeted service, divided by the total number of sent network layer packets.
Since the packets which arrives later than the latency threshold would be seen as error / lost packets, in other word, the percentage requirement on reliability somehow reflects QoS perception on latency as well. Therefore, in this section, we look into the LTE ‘reliability’ performance during handover procedure, assuming that during the mobility interruption time, all the packets would be delayed beyond the latency requirement.[footnoteRef:2] [2:  I.e., a more challenging scenario is considered here, compared to use cases where the end-to-end latency can allow certain mobility interruption time.] 

Interruption time when handover succeeds
According to the output of latency reduction SI in TR 36.881, when limited to successful handover, the interruption time is shown as follows (please note that we do not consider the effect on RACH-less feature which is still on-going in 3GPP in the following observation).
[image: ]
Figure 1 Average Percentage of the Interruption Time (from TR 36.881)
[bookmark: _Toc461106285][bookmark: _Toc461106309][bookmark: _Toc461216023][bookmark: _Toc461456749][bookmark: _Toc462402123][bookmark: _Toc462919407][bookmark: _Toc473203137]The interruption time due to successful handover would be > 1% level for > 60km/h mobility level.
Interruption time when handover fails
For handover failure, the result is divided into two parts: one is the latency calculation for RLF recovery procedure given in Table 3, the other is the RLF rate (per UE per second) given in Figure 2. Multiplexing the two together, we can get the interruption time for handover failure case.
[bookmark: _Ref461455590]Table 3 Latency for RLF recovery
	Steps
	Value

	N310 out of sync
	N310=1, so 1*200ms = 0.2s

	T310
	0~2s

	Delay for cell search, system information reading, i.e., Nfreq ∗ Tsearch + TSI 
	1*100ms + 160ms = 0.26s

	Transition time from Idle to Connected mode
	0.05s (from TR 36.912)

	Total Time
	0.51s~2.51s



Based on the calculated latency for RLF recovery above, if using default value for T310, the total time for RLF recovery would be 1.51s, we can derive the affordable RLF rate if targeting at <1% interruption time, i.e., 0.01 / 1.51 = 0.0066 RLFs/UE/second, which is shown as the red dash line in the figure below. 
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[bookmark: _Ref461455633][bookmark: _Ref461455630]Figure 2 Handover and RLF events in Het Net scenario (from TR 36.839)
We can get the following observation. Please note that even if by further tuning the value of T310 to 0s as the minimum value allowed by TS 36.331, the achievable performance can be only reduced from ~1% to ~0.34%, i.e., still far from the requirement described in section 2.1.
[bookmark: _Toc461106286][bookmark: _Toc461106310][bookmark: _Toc461216024][bookmark: _Toc461456750][bookmark: _Toc462402124][bookmark: _Toc462919408][bookmark: _Toc473203138]The interruption due to RLF recovery would be > 1% level for > 60km/h mobility level (without make-before-break enhancement).
Combining the observation into URLLC and eV2x use cases above, it can be derived the following state, when it comes to reliability / latency requirement during mobility event.
[bookmark: _Toc461106287][bookmark: _Toc461106311][bookmark: _Toc461216025][bookmark: _Toc461456751][bookmark: _Toc462402125][bookmark: _Toc462919409][bookmark: _Toc473203139]Enhancement in handover procedure is needed to achieve > 99% reliability at least for > 60km/h mobility level.
Possible enhancement to consider in NR
In the on-going WI on ‘Further mobility enhancements in LTE’ [RP-160636], ‘RACH-less’ and ‘make-before-break’ [TR 36.881] have entered into stage-3 work, where the former benefits from synchronous network deployment, and the latter benefits from multiple active connection simultaneously. Both can help to reduce the interruption time during handover and SCG change procedure. 
Besides the two features above which might be kept in NR to improve mobility procedure, there could be some additional technical components which should be taken into account in NR, in order to improve the system performance during mobility for related URLLC / eV2x use cases.
In 3GPP RAN2 NR ad hoc meeting, it is agreed that:
	Agreements:
1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
FFS whether packet duplication should also be supported for LTE-NR dual connectivity
2:  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.


Therefore, the PDCP layer based packet duplication is available for NR to improve reliability, covering both user plane and control plane. Given this, some further aspects where enhancement can be done to benefit URLLC / eV2x are as follows:
1) MCG and SCG role switching: after allowing packet duplication between MCG and SCG, one left problem is that considering UE mobility, the switching of MCG and SCG role should be optimized to reduce interruption time, since both MeNB and SeNB are physically connected to the target UE [4].
2) Data recovery during mobility: The discussion on this topic relates to the difference between Automatic Repeat Request in RLC and the RRC triggered error recovery done by PDCP, and the corresponding analysis would prove whether the LTE protocol design is still valid and applicable for NR or not [1]. 
3) Packet duplication at MAC layer: The discussion is motivated by the FFS as follows from 3GPP RAN2 NR ad hoc meeting:
	Agreements
1	RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC .
2	RAN2 will study redundancy schemes operating below PDCP in CA scenarios for the purpose of meeting the reliability/latency requirements of URLLC. Study should consider the performance of the underlying Phy layer.


So that the duplication at MAC layer would benefit the CA scenario (if considering PDCP layer duplication is to address the DC scenario), which can further explore the physical layer performance gain by allowing HARQ re-transmission / soft combination between different carriers [2].
4) Fast measurement and signalling: with duplication for both CP and UP in place, another aspect to support more reliable connections is how to make fast measurements as triggers for various procedures. Using the 3C-type bearer split alternative, and a quicker measurement / feedback mechanism, it is possibly for the MeNB to rather quickly decide on the node / connection to carry the UP data and avoid nodes with (temporary) bad connection. This can be especially beneficial for users at the cell-edge. More details can be found in [3].
[bookmark: _Toc461106288][bookmark: _Toc461216058][bookmark: _Toc473203140]RAN2 to look into the aspects above as key enablers for URLLC and eV2x traffic types.
Conclusion
In section 2 we made the following observations: 
Observation 1	The combination of requirements including ‘mobility + reliability+ latency’ has to be considered for both URLLC and eV2x in specific scenarios.
Observation 2	The interruption time due to successful handover would be > 1% level for > 60km/h mobility level.
Observation 3	The interruption due to RLF recovery would be > 1% level for > 60km/h mobility level (without make-before-break enhancement).
Observation 4	Enhancement in handover procedure is needed to achieve > 99% reliability at least for > 60km/h mobility level.

Based on the discussion in section 2 we propose the following: 
Proposal 1	RAN2 to look into the aspects above as key enablers for URLLC and eV2x traffic types.
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