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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, the following has been agreed.
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
It has been further agreed in RAN2#97bis that:
· We will progress the basic HO mechanism for NR (not including LTE Rel-14-like mobility enhancements) and when stable we can discuss potential optimisations to target close to 0ms or 0ms interruption.
· We will progress handover with 0ms interruption with dual tx/rx targeting to define a single solution. Discussion of this can start when basic DC operation is more stable.
Actually, to achieve 0ms interruption for handover, the basic requirement is that the UE can support simultaneous Tx/Rx with source cell and target cell during HO. RAN2 has discussed this topic and the main solutions are DC-based [1] and enhanced make-before-break [2-3]. But in [4], some companies consider that if PDCP SDUs with reserved SNs at source gNB’s tentative buffer have been completely transmitted before RACH is successful at the target cell or RLF at the source cell occurs before the UE can receive PDCP packet from the target cell in [2] and [3], it can’t achieve 0ms interruption. If the handover command is sent earlier to avoid potential RLF in the source gNB, Ping-Pong issues may happen. In this contribution, we will discuss how the target of 0ms interruption time can be fulfilled with some enhancement and solve the Ping-Pong effect.
Discussion
Handover (HO) is one of the most fundamental and important procedures in LTE and NR mobility management. According to TR 38.913, the target for mobility interruption (also named as UP interruption) time should be 0 ms. This KPI is for both intra-frequency and inter-frequency mobility for intra-NR mobility.
The scenario for mobility cases in NR is illustrated in Fig.1.  In this scenario, Assume UE can keep its connection with the source cell until it is able to receive packets from the target cell. Correspondingly after sending HO command to the UE, source cell can continue serve UE in parallel to forward data to target cell so that target cell is ready to serve UE when UE connect to target cell.


Fig.1:  Mobility cases in NR
· Mobility case1: Handover is not happened upon Switch Timer is expired.
· Mobility case2: Handover is successful within Switch Timer.
In [4], some issues were raised for eMBB solution. If PDCP SDUs with reserved PDCP SNs at the source gNB’s tentative buffer have been completely transmitted or the coverage of the source gNB is not available before RACH is successful, there exists interruption before the UE can receive packets from the target cell and 0ms interruption can’t be achieved. If RLF happens in the source gNB before the UE have successfully accessed the target cell, 0ms interruption cannot be achieved. If the handover command is sent earlier to avoid potential RLF in the source gNB, Ping-Pong issues may happen.
Pre-HO preparation
During the pre-HO preparation stage, based on the UE measurement report and other information (pre-handover threshold, etc), the pre-handover threshold is higher than handover threshold to avoid potential radio link failure (RLF), the source gNB can determine which target gNB the UE may be handed over to. The source gNB send the handover request with handover preparation information to the target gNB. The target gNB send the handover request ACK to source gNB. After that, the RACH procedure will be implemented between UE and target gNB. In order to reduce the signaling overhead over Xn interface, the data would not forward to target gNB during the pre-HO preparation period.
Proposal 1: During the pre-HO preparation stage, the pre-handover threshold is higher than handover threshold. The data would not forward to target gNB during the pre-HO preparation period.
Accordingly, UE would send/receive data to/from the source gNB in parallel to connect with target gNB via RACH procedure. Furthermore, if the RACH is successful, the target gNB should send RACH successful message to source gNB to trigger a switch-timer. It used to inform source gNB to enter handover phase.
Proposal 2: RACH successful message delivery to trigger a switch-timer in source gNB. It used to inform source gNB to enter handover phase.
Because of the pre-handover threshold is earlier, Ping-Ponging may occur especially in high frequency and small cell in NR. During handover stage, to make the source gNB be aware of when and whether the actual handover condition is satisfied at the UE, a timer is defined at the source gNB. The Timer started after the source gNB received the RACH successful message from the target gNB. The Switch Timer is configured by source gNB based on the measurement report and other information (movement speed, application scenarios, etc), which defines this HO life cycle. Before Switch Timer is expired, source gNB will monitor the cell quality of the source cell in real-time. If the configured actual handover threshold is satisfied, the source gNB can send SN status report and forward data to the target gNB, and then inform UE to execute HO. Upon Switch Timer is expired, UE sends an updated measurement report about target cell if the configured actual handover threshold is not met. The source gNB would give a final decision immediately that whether to handover based on the measurement report, in order to release physical layer resources as soon as possible.
Proposal 3: Defined a timer in source gNB, and explicit Source gNB indications of HO result during the switch-timer to reduce Ping-Pong effect.
0ms interruption support with enhanced handover procedure
To support 0ms interruption during handover, both source cell and UE can continue to communicate with each other even after the source node sends HO command to the UE. Correspondingly after sending HO command to the UE, source cell should continue serve UE in parallel to forward data to target cell so that target cell is ready to serve UE when UE connect to target cell.  
The whole signalling procedure with different HO scenarios for mobility enhancements to support 0ms interruption is illustrated as follow.
a) Signaling flow that HO is executed before Switch Timer is expired is shown in Fig.2. Before Switch Timer is expired, the source gNB monitored that the HO threshold is satisfied, so the source gNB will send SN status report and forward data to the target gNB, and then inform UE to execute HO. This HO indicator to UE can implicit in the last data packet to reduce the signaling overhead. 




Fig.2:  Signaling flow when Switch Timer is expired and no HO is executed
b) Signaling flow when Switch Timer is expired and no HO is executed is shown in Fig.3. If the configured actual handover threshold is not met upon Switch Timer is expired, source gNB send a measurement control signaling to UE, UE sends an updated measurement report. The source gNB would give a final decision immediately that whether to handover based on the measurement report and other information (movement speed, application scenarios, etc), the final decision is the handover cannot be executed. The source gNB will send the cancel handover message to the target gNB.



Fig.3: Signaling flow when Switch Timer is expired and no HO is executed
c) Signaling flow when Switch Timer is expired and HO is executed is shown in Fig.4. If the configured actual handover threshold is not met upon Switch Timer is expired, source gNB send a measurement control signaling to UE, UE sends an updated measurement report. The source gNB would give a final decision immediately that whether to handover based on the measurement report and other information (movement speed, application scenarios, etc), the final decision is the handover can be executed. So the source gNB will send SN status report and forward data to the target gNB, and then inform UE to execute HO. This HO indicator to UE can implicit in the last data packet to reduce the signaling overhead.


Fig.4:Signaling flow when Switch Timer is expired and HO is executed DL DRB duplication process
[bookmark: _Ref433086885]Conclusion and Proposals
Proposal 1: During the pre-HO preparation stage, the pre-handover threshold is higher than handover threshold. The data would not forward to target gNB during the pre-HO preparation period.
Proposal 2: RACH successful message delivery to trigger a switch-timer in source gNB. It used to inform source gNB to enter handover phase.
Proposal 3: Defined a timer in source gNB, and explicit Source gNB indications of HO result during the switch-timer to reduce Ping-Pong effect.
Acknowledgement
This document is also contributed in part by SARI (Shanghai Advanced Research Institute, Chinese Academy of Sciences).
Reference
[1]. [bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK886][bookmark: OLE_LINK887][bookmark: OLE_LINK827][bookmark: OLE_LINK828]R2-1704853  SgNB to MgNB reconfiguration for 0ms interruption handover  Huawei, HiSilicon
[2]. R2-1704529  Mobility Enhancement for ‘0ms Interruption’ HO  MediaTek
[3]. [bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK38]R2-1704434  0ms support during handover procedure with dual Tx/Rx  Ericsson
[4]. R2-1710266  Analysis of the major options for 0ms interruption HO  Huawei, HiSilicon
	1/5	
oleObject1.bin

image2.emf
UE Source eNB Target eNB

1. measurement control

packet data

2. measurement report

3.pre-handover decision

4. Handover request

5. Handover request ACK

6.RRC Conn Reconfig

14.Data fowarding

7.Synchronize to target cell but keep 

connection with source cell

8. PRACH transmission

9. UL allocation +TA for UE

10. RRC Conn Reconfig Complete

11.RACH  successful message

packet data to/from source continued

(ciphered with source KEY)

packet data 

(ciphered with target KEY)

12. Start the switch timer

13. If source eNB can not 

serve UE

15. SN status transfer

16. UE context release

16. Release resources


oleObject2.bin
UE


Source eNB


Target eNB


1. measurement control


packet data


2. measurement report


3.pre-handover decision


4. Handover request


5. Handover request ACK


6.RRC Conn Reconfig


14.Data fowarding


7.Synchronize to target cell but keep connection with source cell


8. PRACH transmission


9. UL allocation +TA for UE


10. RRC Conn Reconfig Complete


11.RACH  successful message


packet data to/from source continued
(ciphered with source KEY)


packet data 
(ciphered with target KEY)


12. Start the switch timer


13. If source eNB can not serve UE


15. SN status transfer


16. UE context release


16. Release resources



image3.emf
UE Source eNB Target eNB

1. measurement control

packet data

2. measurement report

3.pre-handover decision

4. Handover request

5. Handover request ACK

6.RRC Conn Reconfig

7.Synchronize to target cell but keep 

connection with source cell

8. PRACH transmission

9. UL allocation +TA for UE

10. RRC Conn Reconfig Complete

11.RACH  successful message

packet data to/from source continued

(ciphered with source KEY)

12. Start the switch timer

Timer 

expired

15. measurement report

16.handover decision

14. measurement control

17. Cancel handover message

18. Release resources


oleObject3.bin
UE


18. Release resources


Source eNB


Target eNB


1. measurement control


packet data


2. measurement report


3.pre-handover decision


4. Handover request


5. Handover request ACK


6.RRC Conn Reconfig


7.Synchronize to target cell but keep connection with source cell


8. PRACH transmission


9. UL allocation +TA for UE


10. RRC Conn Reconfig Complete


11.RACH  successful message


packet data to/from source continued
(ciphered with source KEY)


12. Start the switch timer


Timer expired


15. measurement report


16.handover decision


14. measurement control


17. Cancel handover message



image4.emf
UE Source eNB Target eNB

1. measurement control

packet data

2. measurement report

3.pre-handover decision

4. Handover request

5. Handover request ACK

6.RRC Conn Reconfig

Duplication data fowarding

7.Synchronize to target cell but keep 

connection with source cell

8. PRACH transmission

9. UL allocation +TA for UE

10. RRC Conn Reconfig Complete

11.RACH  successful message

packet data to/from source continued

(ciphered with source KEY)

12. Start the switch timer

Timer 

expired

15. measurement report

16.handover decision

14. measurement control

17.Data fowarding

packet data 

(ciphered with target KEY)

18. SN status transfer

19. UE context release

20. Release resources


oleObject4.bin
UE


Source eNB


Target eNB


1. measurement control


packet data


2. measurement report


3.pre-handover decision


4. Handover request


5. Handover request ACK


6.RRC Conn Reconfig


Duplication data fowarding


7.Synchronize to target cell but keep connection with source cell


8. PRACH transmission


9. UL allocation +TA for UE


10. RRC Conn Reconfig Complete


11.RACH  successful message


packet data to/from source continued
(ciphered with source KEY)


12. Start the switch timer


Timer expired


15. measurement report


16.handover decision


14. measurement control


17.Data fowarding


packet data 
(ciphered with target KEY)


18. SN status transfer


19. UE context release


20. Release resources



image1.emf
Source-gNB

target-gNB

A

Measurement report 1

B

Measurement report 2

case2

case1


