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1 Introduction
In RAN2#96 meeting, how to realize ‘0ms’ UP interruption during HO in NR was discussed, and following agreements were made.
Agreements
1	The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
2	For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR
In RAN2 #97 meeting, SC HO enhancements for 0ms interruption was discussed. RAN2 agreed that
Agreements
1	We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO
In this contribution, we compare the mobility enhancement mechanisms in both SC and DC HO, and propose a WF to achieve the ‘0ms’ interruption for both SC and DC HO. 
2 Discussion
2.1 UP behaviour during UE mobility
In the following subsections, we discuss the L2 behaviour during UE mobility, just as illustrated in Figure 1, when UE moves from point A to point D.  The potential mobility enhancement for both SC and DC HO to achieve 0ms interruption are considered, assuming there is only one DRB available. So the data transmission continuation for the DRB should be guaranteed during HO. 


Figure 1 UE mobility
	UP behaviour
	Option 1: Mobility Enhancement for ‘Make-before-break’
	Option 2: Mobility Enhancement for ‘dual connectivity’

	Position A
Normal
	Connect to source gNB and performs data transmission with source gNB (through MCG bearer). 
	Connect to source gNB and performs data transmission with source gNB through MCG bearer.

	Position B
HO preparation
	UE continues data transmission with source gNB with one protocol stack. UE establish another protocol stack preparing data transmission with target gNB.
	MCG bearer to split bearer change is performed. UE establishes RLC and MAC for the split bearer. 

	Position C
HO Execution
	UE performs data transmission with target gNB. Data transmission with source gNB is continued simultaneously.
	UE performs data transmission with both source gNB and target gNB simultaneously with split bearer.

	Position D
HO Completion
	UE continues data transmission with target gNB. Connection with source gNB is released.

	Split bearer to MCG bearer change is performed. Then connection with source gNB is released.


The UP protocol behaviour during HO for both mobility enhancement for ‘make-before-break’ and ‘DC’ is illustrated in Figure 2 and Figure 3 respectively.  
Observation 1: UP behaviour at position A and D are the same for option 1 and option 2, where UE only performs data transmission with one gNB, i.e. source gNB at position A and target B at position D. 
Observation 2: At position B, UE establishes a full UP protocol stack for target gNB including PDCP layer in option 1; while in option 2, UE only establishes RLC and MAC layer for target gNB utilising split bearer. 
Observation 3: At position C, different UP behaviours in option1 and option 2 are summarized as follows: 
· Data forwarding:
· In option 1, source gNB forwards PDCP SDUs to target gNB;
· In option 2, source gNB forwards PDCP PDUs to target gNB;
· Security:
· In option 1, two securities need to be maintained at the UE side, one for source gNB and the other for target gNB;
· In option 2, one security key needs to be maintained. 
· PDCP reordering:
· In option 1, a tentative PDCP reordering function is used to reorder PDCP PDUs delivered from the PDCP entities in both source gNB and target gNB; 
· In option 2, the PDCP reordering function in the PDCP entity corresponding to source gNB is used to reorder PDCP PDUs delivered from the RLC entities from both source gNB and target gNB. 




     
           A                                               B                                                         C                                               D                    
Figure 2 UP Protocol during mobility enhancement for ‘make-before-break’





           A                                               B                                                         C                                               D                    
Figure 3 UP Protocol during mobility enhancement for ‘DC’
2.2 PDCP relocation 
No matter in option 1 or option 2, one common issue for both of them is PDCP relocation. When UE moves from Position C to Position D, PDCP is relocated, accompanied with path switch procedure towards CN.  So UE anchor is changed from source gNB to target gNB. 
In order to support lossless handover, PDCP SN continues during HO when PDCP is relocated. The SN Status Transfer procedure and data forwarding is sent following RRC Connection Reconfiguration message. UE accessing to target cell and data forwarding can be performed in parallel. Generally, the SN STATUS TRANSFER message can only be generated after the source eNB stopping the data transmission. If simultaneous Tx/Rx operation with source gNB and target gNB is supported, how to perform SN status transfer and data forwarding at the source gNB, which simultaneously performs data transmission with UE, should be considered. 
In option 1 just illustrated in Figure 4, the source gNB may keep certain amount of PDCP SDUs at its own tentative buffer and forwards others to the target gNB. The source gNB needs to consider the PDCP SNs reserved for the buffered PDCP SDUs when sending SN Status Transfer message to the target gNB. Then UE can receive PDCP PDUs from two paths simultaneously. Since UP protocol for the target gNB has already been established, UE anchor can be changed directly from source gNB to target gNB. UE can notice that the UP anchor has changed when source gNB is released. Source gNB is released either when the packets buffered at the source gNB has been completely delivered or the coverage of the source gNB is not available, whichever comes first.PDCP relocation
Path switch
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Figure 4 PDCP relocation in mobility enhancement for ‘make-before-break’ (option 1)
In option 2, one baseline behaviour to perform PDCP relocation through split bearer to MCG bearer change. Similar as current HO procedure, UP protocol is reset including PDCP re-establishment, RLC reestablishment and MAC reset, just as illustrated in Figure 5.1. Although the interruption due to UP protocol reset is several microseconds and negligible, 0ms interruption can’t be achieved with this baseline behaviour. The security key for target gNB can be used after UP reset. 
In option 2, one potential optimized behaviour to perform PDCP relocation without UP protocol stack reset at the UE side, just as illustrated in Figure 5.2. One problem with this solution is that UE doesn’t know when to apply the new security key for the target gNB. One potential solution is that a time duration or the number of PDCP PDUs applying the old key corresponding to the source gNB is pre-defined or informed to UE. UE complexity to avoid UP protocol reset is concerned and needs further evaluation. 
Observation 4: At PDCP relocation, different UP behaviours in option1 and option 2 are summarized as follows: 
· Option 1 doesn’t need UP protocol reset for PDCP relocation at the network side;
· Option 2 either needs UP protocol reset with very short interruption or avoids UP protocol reset with more complexity, e.g. handling security issues. 




       
                          Figure 5.1 baseline behaviour                                 Figure 5.2 One potential optimization          
Figure 5 PDCP relocation in mobility enhancement for ‘DC’ (option 2)
In essential, the reason why option 1 can achieve 0ms interruption without UP reset is that a UP protocol for the target gNB is prepared before PDCP relocation. So PDCP can relocated directly using the prepared UP protocol for data transmission with the target gNB. Meanwhile, the original UP protocol stack can be maintained for data transmission with the source gNB.  This principle is also applicable for mobility enhancement in DC in option 2. 
Observation 5: Preparing a UP protocol for PDCP relocation can achieve 0ms interruption without UP protocol reset when PDCP is relocated from source gNB and target gNB.
Proposal 1: A UP protocol for target gNB is prepared before PDCP relocation to achieve 0ms interruption HO. 
Proposal 2:  Two security keys are maintained during HO, i.e. one for source gNB and the other for target gNB to achieve 0ms interruption. 

3 Conclusions
In this contribution, we discuss how to achieve 0ms mobility interruption. 
Based on the observations:
Observation 1: UP behaviour at position A and D are the same for option 1 and option 2, where UE only performs data transmission with one gNB, i.e. source gNB at position A and target B at position D. 
Observation 2: At position B, UE establishes a full UP protocol stack for target gNB including PDCP layer in option 1; while in option 2, UE only establishes RLC and MAC layer for target gNB utilising split bearer. 
Observation 3: At position C, different UP behaviours in option1 and option 2 are summarized as follows: 
· Data forwarding:
· In option 1, source gNB forwards PDCP SDUs to target gNB;
· In option 2, source gNB forwards PDCP PDUs to target gNB;
· Security:
· In option 1, two securities need to be maintained at the UE side, one for source gNB and the other for target gNB;
· In option 2, one security key needs to be maintained. 
· PDCP reordering:
· In option 1, a tentative PDCP reordering function is used to reorder PDCP PDUs delivered from the PDCP entities in both source gNB and target gNB; 
· In option 2, the PDCP reordering function in the PDCP entity corresponding to source gNB is used to reorder PDCP PDUs delivered from the RLC entities from both source gNB and target gNB. 
Observation 4: At PDCP relocation, different UP behaviours in option1 and option 2 are summarized as follows: 
· Option 1 doesn’t need UP protocol reset for PDCP relocation at the network side;
· Option 2 either needs UP protocol reset with very short interruption or avoids UP protocol reset with more complexity, e.g. handling security issues. 
Observation 5: Preparing a UP protocol for PDCP relocation can achieve 0ms interruption without UP protocol reset when PDCP is relocated from source gNB and target gNB.
We propose:
Proposal 1: A UP protocol for target gNB is prepared before PDCP relocation to achieve 0ms interruption HO. 
Proposal 2:  Two security keys are maintained during HO, i.e. one for source gNB and the other for target gNB to achieve 0ms interruption.
Microsoft_Visio_Drawing2.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY




image3.emf
Source gNB

RLC

MAC

PHY

PDCP

UE

MAC

RLC

PDCP

PHY

Target gNB

RLC

MAC

PHY

PDCP

MAC

RLC

PDCP

PHY

PDCP Reordering


Microsoft_Visio_Drawing3.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
PDCP
MAC
RLC
PDCP
PHY
PDCP Reordering




image4.emf
Source gNB

RLC

MAC

PHY

PDCP

UE

MAC

RLC

PDCP

PHY

Target gNB

RLC

MAC

PHY

PDCP

MAC

RLC

PDCP

PHY

PDCP Reordering

Xnr


Microsoft_Visio_Drawing4.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
PDCP
MAC
RLC
PDCP
PHY
PDCP Reordering


Xnr



image5.emf
UE

Target gNB

RLC

MAC

PHY

PDCP

MAC

RLC

PDCP

PHY

                

            


Microsoft_Visio_Drawing5.vsdx
UE
Target gNB
RLC
MAC
PHY
PDCP
MAC
RLC
PDCP
PHY




Microsoft_Visio_Drawing6.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY




image6.emf
Source gNB

RLC

MAC

PHY

PDCP

UE

MAC

RLC

PDCP

PHY

Target gNB

RLC

MAC

PHY

MAC

RLC

PHY


Microsoft_Visio_Drawing7.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
MAC
RLC
PHY




image7.emf
Source gNB

RLC

MAC

PHY

PDCP

UE

MAC

RLC

PDCP

PHY

Target gNB

RLC

MAC

PHY

MAC

RLC

PHY

Xnr


Microsoft_Visio_Drawing8.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
MAC
RLC
PHY


Xnr



Microsoft_Visio_Drawing9.vsdx
UE
Target gNB
RLC
MAC
PHY
PDCP
MAC
RLC
PDCP
PHY




image8.emf
Source gNB

RLC

MAC

PHY

PDCP

UE

MAC

RLC

PDCP

PHY

Target gNB

RLC

MAC

PHY

PDCP

MAC

RLC

PDCP

PHY

PDCP Reordering

Xnr

Tentative buffer


Microsoft_Visio_Drawing10.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
PDCP
MAC
RLC
PDCP
PHY
PDCP Reordering


Xnr
Tentative buffer



image9.emf
Source gNB

RLC

MAC

PHY

PDCP

UE

MAC

RLC

PDCP

PHY

Target gNB

RLC

MAC

PHY

PDCP

MAC

RLC

PDCP

PHY

PDCP Reordering

Xnr

Tentative buffer

                

            


Microsoft_Visio_Drawing11.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
PDCP
MAC
RLC
PDCP
PHY
PDCP Reordering

Xnr
Tentative buffer




Microsoft_Visio_Drawing12.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
MAC
RLC
PHY


Xnr



Microsoft_Visio_Drawing13.vsdx
UE
Target gNB
RLC
MAC
PHY
PDCP
MAC
RLC
PDCP
PHY




Microsoft_Visio_Drawing14.vsdx
Source gNB
RLC
MAC
PHY
PDCP
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
MAC
RLC
PHY


Xnr



image10.emf
Source gNB

RLC

MAC

PHY

UE

MAC

RLC

PDCP

PHY

Target gNB

RLC

MAC

PHY

MAC

RLC

PHY

Xnr

PDCP


Microsoft_Visio_Drawing15.vsdx
Source gNB
RLC
MAC
PHY
UE
MAC
RLC
PDCP
PHY
Target gNB
RLC
MAC
PHY
MAC
RLC
PHY

Xnr
PDCP




image1.emf
MME / S-GW

A

B

C

D


Microsoft_Visio_Drawing1.vsdx


































MME / S-GW


A
B
C
D



image2.emf
Source gNB

RLC

MAC

PHY

PDCP

UE

MAC

RLC

PDCP

PHY

                

            


