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1 Introduction 
NR and LTE mobility enhancements WIs [1] and [2] have the below justifications:
“In Rel-15 NR, 0ms interruption time can be achievable by using intra-cell using beam mobility and addition/release of SCell for CA operation. However, there is demand to achieve 0ms interruption time in more scenarios especially in URLLC type of service which requires 1ms of end-to-end delay in some scenarios. However, there is demand to achieve 0ms interruption time in more scenarios especially in URLLC type of service which requires 1ms of end-to-end delay in some scenarios.”  
New WI Even further Mobility enhancement in E-UTRAN [1] says this “Many services in additional to traditional voice and internet data service appear with various QoS requirements. For example, some services require ultra-reliability and low latency, including remote control, aerial, industrial automation, industrial control, or even Augmented Reality (AR) and Virtual Reality (VR). For such services, mobility performance including reliability and very low interruption time shall be guaranteed as much as possible, e.g. ~0ms (close to 0ms) interruption time during handover are the latency target.”
We agree that there is a need to optimize mobility performance for URLLC type of services and other services with low-latency and high reliability performance requirements. In this paper, we discuss the performance needs of such services, the typical configurations for such services and the need for changes in the NR DAPS handover handling , and, LTE DAPS HO handling to support such services over NR and LTE.
2 Discussion
Some of the NR Rel.15 standardized 5QI to QoS characteristics mapping from Table 5.7.4-1 of [3] are provided below.
Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
	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

	80
	
	68
	10 ms

	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	81
	Delay Critical GBR
	11
	5 ms
	10-5
	160 B
	2000 ms
	Remote control
(see TS 22.261 [2])

	82
	
	12
	10 ms
NOTE 5
	10-5
	320 B
	2000 ms
	Intelligent transport systems

	83
	
	13
	20 ms
	10-5
	640 B

	2000 ms
	Intelligent Transport Systems

	84
	
	19
	10 ms
	10-4
	255 B
	2000 ms
	Discrete Automation

	85
	
	22
	10 ms
	10-4
	1358 B
NOTE 3
	2000 ms
	Discrete Automation



In TS 23.203 [4], one-to-one mapping of standardized QCI values to standardized characteristics for LTE QoS flows is captured in table 6.1.7-A and table 6.1.7-B as below.
Table 6.1.7-A: Standardized QCI characteristics
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
(NOTE 13)
	Packet Error Loss
Rate (NOTE 2)
	Example Services

	79
(NOTE 14)
	
	6.5
	50 ms
(NOTE 1, NOTE 10)
	10-2
	V2X messages

	80
(NOTE 3)
	
	6.8
	10 ms
(NOTE 10, NOTE 15)
	10-6
	Low latency eMBB applications (TCP/UDP-based);
Augmented Reality

	



Table 6.1.7-B: Standardized QCI characteristics

	QCI
	Resource Type
	Priority Level
	Packet Delay Budget (NOTE B1)
	Packet Error Loss
Rate (NOTE B2)
	Maximum Data Burst Volume
(NOTE B1)
	Data Rate Averaging Window
	Example Services

	82
(NOTE B6)
	
GBR
	
1.9
	10 ms

(NOTE B4)
	10-4

(NOTE B3)
	
255 bytes
	
2000 ms
	Discrete Automation (TS 22.278 [38], clause 8 bullet g, and TS 22.261 [51], table 7.2.2-1, "small packets")

	83
(NOTE B6)
	
	
2.2
	10 ms

(NOTE B4)
	10-4

(NOTE B3)
	1354 bytes

(NOTE B5)
	
2000 ms
	Discrete Automation (TS 22.278 [38], clause 8 bullet g, and TS 22.261 [51], table 7.2.2-1, "big packets")

	84
(NOTE B6)
	
	
2.4
	30 ms

(NOTE B7)
	10-5

(NOTE B3)
	1354 bytes

(NOTE B5)
	
2000 ms
	Intelligent Transport Systems (TS 22.278 [38], clause 8, bullet h, and TS 22.261 [51], table 7.2.2).

	85
(NOTE B6)
	
	
2.1
	5 ms

(NOTE B8)
	10-5

(NOTE B3)
	
255 bytes
	
2000 ms
	Electricity Distribution- high voltage (TS 22.278 [38], clause 8, bullet i, and TS 22.261 [51], table 7.2.2 and Annex D, clause D.4.2).

	



As highlighted in the tables above, the Augmented Reality type of services and other Industrial IOT services have a low latency and a high reliability requirement.
[bookmark: _Ref535328378][bookmark: _Ref535492997]Observation 1. NR Rel.15 standardized 5QI to QoS characteristics mapping table has examples of services (e.g. 5QI value – 80, Augmented Reality) that need low latency and high reliability.
[bookmark: _Ref21001925]Observation 2. LTE Rel.15 standardized QCI characteristics mapping table has examples of services (e.g. QCI value – 80,82,83,84,85) that need low latency and high reliability.
In order to achieve low latency, these services typically use RLC UM on the radio interface as they cannot tolerate the RLC AM related retransmission latencies.
As they also have a high reliability requirement, these services are sensitive to packet losses both on the air interface and backend during mobility.
[bookmark: _Ref535328383][bookmark: _Ref535493001]Observation 3. Low latency and high reliability services should use RLC UM for the associated DRBs due to small PDB not allowing the RLC AM retransmission latencies.
In Rel.15 NR, U-plane handling is defined separately for RLC AM and RLC UM bearers to support additional reliability for RLC AM bearers and below is the text from [5] for PDCP SN handling.
For RLC-AM bearers:
-	For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a per DRB basis and the source gNB 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 security synchronisation, HFN is also maintained and the source gNB provides to the target one reference HFN for the UL and one for the DL i.e. HFN and corresponding SN.
-	In both the UE and the target gNB, a window-based mechanism is used for duplication detection and reordering.
For RLC-UM bearers:
-	The PDCP SN and HFN are reset in the target gNB;
-	No PDCP SDUs are retransmitted in the target gNB;
-	The target gNB prioritises all downlink SDAP SDUs forwarded by the source gNB over the data from the core network;
[bookmark: _Ref535334979][bookmark: _Ref535335377][bookmark: _Ref535493005]Similar U-plane handling is defined for LTE RLC AM and RLC UM bearers, in section 10.1.2.1.2 U-plane handling of TS 38.300, to support additional reliability for RLC AM bearers only. The PDCP SN and HFN are reset for RLC-UM bearers in LTE Rel-15 HO.
[bookmark: _Ref21001931]Observation 4. PDCP SN and HFN are reset in the target gNB for RLC-UM bearers during NR Rel-15 HO and LTE Rel-15 HO.
As highlighted above, Rel.15 assumes that PDCP SN continuity is only essential for RLC AM. However, as discussed in [6] and [7], UE can receive DL data simultaneously on both source connection and target connection during a DAPSHO. In RAN2#107, it was agreed to support dual active protocol stack solution where the UE maintains separate PHY/MAC/RLC entities for source connection DRBs and target connection DRBs with a common PDCP entity handling both DRBs, as discussed in [7]. The common PDCP entity is not reset during DAPS HO and is used to support reordering/duplicate discard function at the PDCP layer for both RLC AM and RLC UM DRBs during NRDAPS HO and LTE DAPS HO. 
[bookmark: _Ref536803019]In order to support this common PDCP entity reordering/duplicate discard function at the PDCP layer for RLC UM during DAPS HO, the target gNB should not reset the PDCP SN for RLC-UM bearers. Instead, the source gNB and target gNB should support PDCP SN continuity for the RLC-UM bearers during DAPS HO to avoid packet losses due to PDCP SN reset. RAN3#105 agreed to support PDCP SN continuity for RLC-UM bearers forwarded between source gNB and target gNB.
[bookmark: _Ref21001934]Observation 5. RAN2#107 agreed to support DAPS HO, i.e. support dual PHY/MAC/RLC with common PDCP entity, without triggering any PDCP reestablishment to handle the source cell and target cell RLC AM/RLC UM bearers during HO.  
[bookmark: _Ref536803020][bookmark: _Ref536803021]Observation 6. UE common PDCP entity can receive DL data simultaneously on both source connection and target connection during DAPS HO. Thus, resetting the SN for RLC UM bearers during DAPS HO could impact the reordering/duplicate discard function of the common PDCP entity and result in some packet loss for RLC UM bearers during DAPSHO. 
[bookmark: _Ref21001941]Observation 7. Packet loss for the RLC UM bearers during DAPS HO is not suitable for the low latency and high reliability services.
[bookmark: _Ref21001963]Observation 8. RAN3#105 agreed to support PDCP SN continuity for both RLC AM and RLC UM bearers during DAPS HO.
For UL transmissions during DAPS HO, UE configures the PDCP entity used for source connection to a common PDCP entity to transmit data on target after switching PUSCH data tx from source to target. As the common PDCP entity is not reset, UE does not need to reset the PDCP SN. 
[bookmark: _Ref535334985][bookmark: _Ref535493019]Proposal 1. Support PDCP SN continuity for both RLC-AM and RLC-UM bearers during NR DAPS HO and LTE DAPS HO. 
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. NR Rel.15 standardized 5QI to QoS characteristics mapping table has examples of services (e.g. 5QI value – 80, Augmented Reality) that need low latency and high reliability.
Observation 2. LTE Rel.15 standardized QCI characteristics mapping table has examples of services (e.g. QCI value – 80,82,83,84,85) that need low latency and high reliability.
Observation 3. Low latency and high reliability services should use RLC UM for the associated DRBs due to small PDB not allowing the RLC AM retransmission latencies.
Observation 4. PDCP SN and HFN are reset in the target gNB for RLC-UM bearers during NR Rel-15 HO and LTE Rel-15 HO.
Observation 5. RAN2#107 agreed to support DAPS HO, i.e. support dual PHY/MAC/RLC with  common PDCP entity  without triggering any PDCP reestablishment to handle the source cell and target cell RLC AM/RLC UM bearers during HO.
Observation 6. UE common PDCP entity can receive DL data simultaneously on both source connection and target connection during DAPS HO. Thus, resetting the SN for RLC UM bearers during DAPS HO could impact the reordering/duplicate discard function of the common PDCP entity and result in some packet loss for RLC UM bearers during DAPSHO.
Observation 7. Packet loss for the RLC UM bearers during DAPS  HO is not suitable for the low latency and high reliability services.
[bookmark: _GoBack]Observation 8. RAN3#105 agreed to support PDCP SN continuity for both RLC AM and RLC UM bearers during DAPS HO.
Proposal 1. Support PDCP SN continuity for both RLC-AM and RLC-UM bearers during NR DAPS HO and LTE DAPS HO.
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