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Introduction
During the discussions at the RAN2#107 meeting related to the Rel-16 LTE mobility enhancement WI and the reduction in user data interruption (RUDI) handover with dual active protocol stacks, a question was raised whether the agreements taken so far are only valid for RLC AM or if the agreements are also applicable for RLC UM bearers.
It was concluded that this issue requires further studies, thus an FFS was defined accordingly: 
=> FFS whether and what we will specify RLC UM for RUDI HO. Papers proposing this should provide details for the support.
This contribution addresses the FFS above.
Discussion
Need to support RUDI HO for low-latency and high reliability type of services using RLC UM?
0ms interruption time is one of the requirements to provide seamless handover UE experience. 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.
For NR 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 [1], 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][bookmark: _Toc20304572][bookmark: _Toc20304575][bookmark: _Toc20321918][bookmark: _Toc20329637][bookmark: _Toc20330072][bookmark: _Toc20398033][bookmark: _Toc21012888][bookmark: _Toc21016961]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 [2] 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
Most of the listed example services in the table extract above 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 for some of the URLLC use cases in [1], 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][bookmark: _Toc20304573][bookmark: _Toc20304576][bookmark: _Toc20321919][bookmark: _Toc20329638][bookmark: _Toc20330073][bookmark: _Toc20398034][bookmark: _Toc21012889][bookmark: _Toc21016962]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.
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 may provide shorter interruption time and lossless handover when reduced user data interruption (RUDI) handover 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 when RUDI handover is supported.
Since the effort seems to be moderate to support reduced handover interruption time and lossless handover also for RLC UM bearers (as described in the following sections), it is proposed that the RUDI handover concept in NR is also adapted for DRBs using RLC UM type of bearers.
Similar requirements on low latency and high reliability at handover also exist in E-UTRAN for many of the example services discussed above, thus the same type of changes as proposed for NR in following sections are also proposed for LTE.
[bookmark: _Toc4439597][bookmark: _Toc4484404][bookmark: _Toc4484864][bookmark: _Toc4667250][bookmark: _Toc7010235][bookmark: _Toc7697238][bookmark: _Toc12971721][bookmark: _Toc20304578][bookmark: _Toc20321915][bookmark: _Toc20329634][bookmark: _Toc20330069][bookmark: _Toc20398037][bookmark: _Toc20398084][bookmark: _Toc21012892][bookmark: _Toc21016965]Reduced user data interruption also to be supported for DRBs using RLC UM during an inter-node handover.
In-sequence delivery and lossless transmission
The concept of reduced handover interruption with dual active protocol stacks currently discussed in RAN2 requires in-sequence delivery and lossless transmission, i.e. PDCP Sequence Numbers need to be maintained on a per DRB basis during an inter-node handover.
[bookmark: _Hlk7008175]As of today, only RLC AM bearers may provide these characteristics during an inter-node handover, i.e. only for DRBs using RLC AM the UE and the network maintains the PDCP SN on a per DRB basis during an inter-node handover.
For DRBs using RLC UM the PDCP SN (and HFN) is reset in the target node and in the UE when transmission starts in the target cell.
Extract from TS 38.300, section 9.2.3.2.2 U-Plane Handling:
[image: ]
Obviously, this means that in-sequence delivery, lossless transmission (as well as packet duplication avoidance) is not guaranteed for services using the RLC UM transmission mode during an inter-node handover.
With the RUDI handover concept, DL data is forwarded from the source node to the target node, for further transmission to the UE, while at the same time the same DL packets can be transmitted to the UE via the source connection.
Without PDCP SN continuity the UE cannot perform in-sequence delivery and duplication check when packets are delivered simultaneously from both source and target node.
[bookmark: _Hlk21016291][bookmark: _Toc4439559][bookmark: _Toc4439859][bookmark: _Toc4484402][bookmark: _Toc4484863][bookmark: _Toc4485602][bookmark: _Toc4667249][bookmark: _Toc7010233][bookmark: _Toc7697235][bookmark: _Toc12971720][bookmark: _Toc20304574][bookmark: _Toc20304577][bookmark: _Toc20321920][bookmark: _Toc20329639][bookmark: _Toc20330074][bookmark: _Toc20398035][bookmark: _Toc21012890][bookmark: _Toc21016963][bookmark: _GoBack]In-sequence delivery, packet loss and packet duplication avoidance are not guaranteed for services mapped on DRBs using RLC UM during a RUDI handover.
To be able to support in-sequence delivery and lossless transmission for services mapped on DRBs using RLC UM, the network and the UE shall not reset the PDCP SNs when transmission is started in the target cell. Instead the PDCP sequence numbering is maintained on a per bearer basis as for RLC AM.
It shall also be noted that RAN3 has already discussed and agreed on a solution where PDCP SN continuity for RLC UM DRBs is supported.
[bookmark: _Toc20329635][bookmark: _Toc20330070][bookmark: _Toc20398038][bookmark: _Toc20398085][bookmark: _Toc21012893][bookmark: _Toc21016966]Network and UE to support PDCP SN continuity for RLC UM on a per DRB basis when RUDI handover is configured.
Duplication avoidance
Sending of duplicated packets on the radio interface will have a bad impact to user experience and to the target of 0ms interruption time, thus it should as far as possible be avoided.
To minimize the number of duplicated PDCP PDUs sent from the target node to the UE (i.e. PDCP PDUs with a SN already received by the UE from the source node), a DL PDCP duplication check can be performed in the target node based on a PDCP Status Report sent by the UE.
Today the PDCP Status Report format is only applicable for DRBs mapped on RLC AM [3], so to be able to support a potential DL PDCP duplication check in the target node also for DRBs mapped on RLC UM, the PDCP Status Report format in TS 38.323 need to be adapted to also support UM DRBs.
[bookmark: _Toc20398036][bookmark: _Toc21012891][bookmark: _Toc21016964]The Control PDU for PDCP Status Report is today only applicable for AM DRBs.
[bookmark: _Toc20329636][bookmark: _Toc20330071][bookmark: _Toc20398039][bookmark: _Toc20398086][bookmark: _Toc21012894][bookmark: _Toc21016967]RAN2 to consider support of DL PDCP duplication check in the target node for DRBs mapped on RLC UM. This requires the PDCP Status Report format in TS 38.323 to be adapted for UM DRBs.
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	In-sequence delivery, packet loss and packet duplication avoidance are not guaranteed for services mapped on DRBs using RLC UM during a RUDI handover.
Observation 4	The Control PDU for PDCP Status Report is today only applicable for AM DRBs.

Based on the discussion in section 2 we propose the following:
Proposal 1	Reduced user data interruption also to be supported for DRBs using RLC UM during an inter-node handover.
Proposal 2	Network and UE to support PDCP SN continuity for RLC UM on a per DRB basis when RUDI handover is configured.
Proposal 3	RAN2 to consider support of DL PDCP duplication check in the target node for DRBs mapped on RLC UM. This requires the PDCP Status Report format in TS 38.323 to be adapted for UM DRBs.
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For RLC-AM bearers:

- For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a per DRB basis and the source
¢NB informs the target gNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP
sequence number yet (either from source gNB or from the UPF).

For RLC-UM bearers:

- The PDCP SN and HFN are reset in the target gNB;
- No PDCP SDUs are retransmitted in the target gNB;





