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Introduction
[bookmark: _Hlk361014]At the RAN#80 meeting in June 2018, a new Rel-16 work item was approved [1] with the purpose to further enhance NR mobility by reducing handover interruption time and improve mobility robustness.
This contribution addresses NR mobility enhancement and reduced handover interruption time for low latency and high reliability type of services.
Discussion
In NR, 0ms interruption time is one of the requirements to provide seamless handover UE experience. According to the WI description on NR mobility enhancements [1], mobility performance is one of the most important performance metrics for NR, thus it is important to identify handover solutions that renders high handover performance with 0ms interruption, low latency and high reliability.
In Rel-15, 0ms interruption time can be achieved with beam mobility for intra-cell handover or by means of CA operation by adding and releasing the SCell in response to mobility. In Rel-16, the requirements are extended to achieve 0ms handover interruption time in more scenarios, especially for URLLC type of services where further use cases with tighter requirements on reliability and low latency have been identified.
For instance, in the WI description for Physical layer enhancements for NR URLLC [2], higher requirements on latency and reliability are requested for use cases within factory automation, transport industry and electrical power distribution. As stated in the justification part of the WID, latencies as short as 0.5 to 1ms is needed for some of the new use cases.
[bookmark: _Hlk4485620][bookmark: _Toc4439557][bookmark: _Toc4439857][bookmark: _Toc4484400][bookmark: _Toc4484861][bookmark: _Toc4485600][bookmark: _Toc4667247][bookmark: _Toc7010231][bookmark: _Toc7697233][bookmark: _Toc12971718]Mobility performance such as latency and reliability need to be optimized in Rel-16, e.g. for URLLC type of services.
[bookmark: _Hlk4659454]Examples of URLLC type of services and their QoS characteristics are listed in Table 5.7.4-1 in TS 23.501 [3] and can be seen in the table extract below.
	[bookmark: _Hlk4659386]5QI Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error Rate 
	Default Maximum Data Burst Volume (NOTE 2)
	Default Averaging Window
	Example Services

	82
	Delay Critical GBR
	19
	10 ms
(NOTE 4)
	10-4
	255 bytes
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	83
	
	22
	10 ms
(NOTE 4)
	10-4
	1354 bytes
(NOTE 3)
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	84
	
	24
	30 ms
(NOTE 6)
	10-5
	1354 bytes
(NOTE 3)
	2000 ms
	Intelligent transport systems (see TS 22.261 [2])

	85
	
	21
	5 ms
(NOTE 5)
	10-5
	255 bytes
	2000 ms
	Electricity Distribution- high voltage (see TS 22.261 [2])


Table 1: Extract from Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
As can be seen from the table, most of the listed example services have very low packet delay budget (upper bound for the time that a packet may be delayed between the UE and the UPF), although not as strict as indicated above for some of the URLLC use cases [2], at the same time as the reliability requirements are high.
Delay-sensitive and error-tolerant applications like VoIP and other real-time services such as process automation and gaming are today typically mapped on RLC UM bearers. But although the example services in the table above have very high reliability requirements, it is likely that these types of services will also be mapped to DRBs using RLC UM bearers due to their packet delay sensitivity.
[bookmark: _Toc4439558][bookmark: _Toc4439858][bookmark: _Toc4484401][bookmark: _Toc4484862][bookmark: _Toc4485601][bookmark: _Toc4667248][bookmark: _Toc7010232][bookmark: _Toc7697234][bookmark: _Toc12971719]RLC UM are today typically used for low latency and error-tolerant services but may also be used for low latency and high reliability type of services due to their packet delay sensitivity.
[bookmark: _Hlk7008175]As of today, only RLC AM bearers may provide in-sequence delivery and duplication avoidance during an inter-node handover, i.e. PDCP SN is maintained from source gNB to target gNB only for RLC AM bearers. For RLC UM bearers the PDCP SN is reset in the target gNB and in the UE when transmission starts in the target cell, which means that packet loss and packet duplication avoidance is not guaranteed for services using this transmission mode.
[bookmark: _Toc4439559][bookmark: _Toc4439859][bookmark: _Toc4484402][bookmark: _Toc4484863][bookmark: _Toc4485602][bookmark: _Toc4667249][bookmark: _Toc7010233][bookmark: _Toc7697235][bookmark: _Toc12971720]Packet loss and packet duplication avoidance is not guaranteed for services mapped on DRBs using RLC UM.
Considering some of the low latency and high reliability type of services will likely be mapped on DRBs using RLC UM bearers, it seems reasonable that also this transmission mode provides shorter interruption time and lossless handover if Make-Before-Break (MBB) is supported in NR.
It also seems likely that the delay-sensitive and error-tolerant services that today are mapped on DRBs using RLC UM also benefits from reduced handover interruption time if MBB will be supported in NR.
It is therefore suggested that not only RLC AM, but also RLC UM, may provide in-sequence delivery and duplication avoidance (i.e. PDCP SN is maintained on a per DRB basis) during an inter-node handover in NR when MBB is configured.
[bookmark: _Toc4439597][bookmark: _Toc4484404][bookmark: _Toc4484864][bookmark: _Toc4667250][bookmark: _Toc7010235][bookmark: _Toc7697238][bookmark: _Toc12971721]RAN2 to consider in-sequence delivery and duplication avoidance also for RLC UM bearers during an inter-node handover when Make-Before-Break is configured.
Conclusion
In section 2 we made the following observations:
Observation 1	Mobility performance such as latency and reliability need to be optimized in Rel-16, e.g. for URLLC type of services.
Observation 2	RLC UM are today typically used for low latency and error-tolerant services but may also be used for low latency and high reliability type of services due to their packet delay sensitivity.
Observation 3	Packet loss and packet duplication avoidance is not guaranteed for services mapped on DRBs using RLC UM.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to consider in-sequence delivery and duplication avoidance also for RLC UM bearers during an inter-node handover when Make-Before-Break is configured.
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