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Introduction
In RAN2 #105 meeting, Rel-16 mobility enhancement has been discussed and the following agreements were reached in RAN2 [1]:
Agreements
1	The UE ability to simultaneously receive and transmit to/from the source and target cells is to be considered in the study on NR mobility enhancements. 
2	We prioritize on intra-NR handovers in this WID. 

And in Rel-15, how to realize ‘0ms’ UP interruption during HO in NR was discussed, and following preliminary agreements were made: 
	· The mobility enhancement similar to that discussed for LTE (“Maintaining Source gNB connection during handover”) should be considered also for NR.
· For DC (NR-NR), study how to reconfigure the UE from an MgNB to a SgNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR
· 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 provide the calculation of the user data interruption time in NR system, and how the interruption time is reduced and the impact on user plane stack, bearer handling, security key handling, data forwarding and RLM of DC-based handover. Additionally, the application scenarios of DC-based handover are analyzed in [1] .
Discussion
[bookmark: _Toc456012924]Handover latency 
In NR, the handover latency occurs mainly on handover execution phase, a simple example of assessment of sources of latency during handover execution is presented in the following Table 1, assuming below 6GHz in NR FDD. Considering that for RACH below 6GHz, only 15 kHz and 30 kHz SCS are supported, the SCS of 15kHz and 30kHz is considered.

Table 1: Typical radio access latency components during handover in NR System
	Component/ Step
	Description
	Time (ms)

	6
	Processing on RRC Connection Reconfiguration (Handover Command, L2 and RRC)
	3

	7
	SN Status Transfer
	0

	8.1
	Target cell search
	0

	8.2
	Average UE processing time for RF/baseband re-tuning, security update
	20ms

	8.3
	Delay due to RACH scheduling period (1TTI)
	0

	8.4
	PRACH preamble transmission
	1(non-)slot/slot

	8.5
	Preamble detection and processing in gNB 
	2 (example, the value depending on implementation)

	
	Transmission of RA response
	1(non-)slot/slot

	8.5
	UE Processing Delay
	3

	8.6
	UE sends RRC Connection Reconfiguration Complete
	1(non-)slot/slot

	
	Typical Total delay 
	(20+8) ms +3(non-)slots



Table 2. Latency results for NR FDD 
	Slot / non-slot
 duration
	SCS

	
	15kHz 
	30kHz 

	M=2 (2OS non-slot)
	28.4 
	28.2

	M =4 (4OS non-slot)
	28.85
	28.4

	M =14 (14OS slot)
	31 
	29.5 


Based on above analysis, the follows observations can be derived:
Observation 1: the typical delay during handover execution in these cases is about 28.2ms~31, and it significantly impacts the user experience, especially for some URLLC services.
Observation 2: Among above various delay components, the following steps contribute to a major portion of total delay and can be addressed for possible latency reduction:
-	RACH procedure including delay to acquire first available PRACH in target cell, PRACH preamble transmission and UL allocation + TA
-	UE processing time after RA procedure including decoding of scheduling grant and timing alignment + L1 encoding of UL data, and transmission of RRCReconfigurationComplete

DC-based HO
The original motivation of Dual-Connectivity (DC) is to support multi-cell simultaneous communications with a UE in the overlapped coverage of the cells even with non-ideal backhaul. Obviously, because DC-capable UE has the capability to communicate simultaneously with MgNB and SgNB, the DC framework can be adopted to achieve 0ms interruption time at least for intra-NR mobility, as shown in the figure 1, the procedure is briefly consisted of the following phases:
Phase 1: The gNB of target cell is added as S-gNB. 
Phase 2: A “role change” is performed between the M-gNB and the S-gNB.
Phase 3: The S-gNB is released. 
Additionally, in this mechanism, there is no necessity for UE to execute RACH procedure to establish connection with the target gNB during HO procedure, which can be completed during S-gNB addition.


 
Figure 1 Procedure for DC-based handover solution   Figure 2 Protocol stack for DC-based HO
[bookmark: _Toc533191409]Potential Issues 
Issue 1 Interruption for PCell change
In LTE, if PCell needs to be changed, a handover procedure should be executed with RACH procedure and L2 reset which will cause interruption. In NR, to avoid interruption, enhancements for PCell change should be considered, during role change between M-gNB and S-gNB. Actually, if SgNB is changed to be MgNB, there is no need for the UE to perform RACH as it has already synchronized with the new MgNB when it worked as the SgNB. Furthermore, L2 reset/re-establishment is not required for the UE. As the cells in M-gNB and S-gNB are activated in parallel, data transmission can continue and no interruption occurs during role change. 

Issue 2 PDCP relocation 
When UE moves from source cell to target cell, PDCP is relocated, accompanied with path switch procedure towards CN. Then the UE anchor is changed from source gNB to target gNB, the specific protocol stack as shown in figure 2. 
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 gNB 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. 
One baseline behavior 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. Although the interruption due to UP protocol reset is several microseconds and negligible, 0ms interruption can’t be achieved with this baseline behavior. The security key for target gNB can be used after UP reset. To address this, some enhancements are needed, for example, to perform PDCP relocation without UP protocol stack reset at the UE side. And 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 3: Considering the EN-DC and intra-NR DC is a mature feature in NR and the deployment is on the road, the existing DC framework can be adopted to achieve 0ms interruption time at least for intra-NR mobility, there will be small impact on Protocol stacks, UE implementation, gNB implementation and security handling, while the enhancements to address the issues of role change and PDCP relocation are still needed. 
Observation 4: in summary, the characteristics of DC-based approach are provided as follows:
	Metric
	DC-based

	Total interruption time
	0ms interruption time for both UL and DL from L2 point of view. The RF interruption time is up to RAN4 to decide.

	RF requirements 
	Dual Tx/Rx chains should be supported by UE to achieve 0ms user plane interruption time, but further consideration needs to wait for RAN4’s LS response for the requirement. 

	Protocol stacks  Complexity
	Split bearer defined in intra-NR DC can be basically re-used. And an indication to differentiate the security context is needed in PDCP. 

	UE Complexity
	Split bearer defined in intra-NR DC can be basically re-used. And the PDCP needs to keep two security keys and two ROHC contexts in a certain period.

	NW Complexity
	Split bearer defined in intra-NR DC can be basically re-used, where two GTP tunnels are required to reduce the downlink interruption due to data forwarding.

	Security  Complexity
	Only one security key needs to be maintained as in DC. 
And there may be security key ambiguity issue during the role change for the UE.

	PDCP Function Complexity
	The PDCP reordering function in the source gNB is used to reorder PDCP PDUs from both source gNB and target gNB.
The enhancement for the PDCP relocation is needed.

	Applicable deployment scenarios
	The intra-NR DC deployed scenarios 

	Necessity of simultaneous RLM 
	The RLM procedures defined in intra-NR DC can be reused.



Proposal: it is proposed that RAN2 need take above observations into consideration during study the DC-based HO for 0ms HO/SCG change in NR network.
Conclusion
Based on the discussion mentioned above, in this contribution we have the following observations and proposal:
Observation 1: the typical delay during handover execution in these cases is about 28.2ms~31, and it significantly impacts the user experience, especially for some URLLC services.
Observation 2: Among above various delay components, the following steps contribute to a major portion of total delay and can be addressed for possible latency reduction:
-	RACH procedure including delay to acquire first available PRACH in target cell, PRACH preamble transmission and UL allocation + TA
-	UE processing time after RA procedure including decoding of scheduling grant and timing alignment + L1 encoding of UL data, and transmission of RRCReconfigurationComplete
Observation 3: Considering the EN-DC and intra-NR DC is a mature feature in NR and the deployment is on the road, the existing DC framework can be adopted to achieve 0ms interruption time at least for intra-NR mobility, there will be small impact on Protocol stacks, UE implementation, gNB implementation and security handling, while the enhancements to address the issues of role change and PDCP relocation are still needed.  
Observation 4: in summary, the characteristics of DC-based approach are provided as follows:
	Metric
	DC-based

	Total interruption time
	0ms interruption time for both UL and DL from L2 point of view. The RF interruption time is up to RAN4 to decide.

	RF requirements 
	Dual Tx/Rx chains should be supported by UE to achieve 0ms user plane interruption time, but further consideration needs to wait for RAN4’s LS response for the requirement. 

	Protocol stacks  Complexity
	Split bearer defined in intra-NR DC can be basically re-used. And an indication to differentiate the security context is needed in PDCP. 

	UE Complexity
	Split bearer defined in intra-NR DC can be basically re-used. And the PDCP needs to keep two security keys and two ROHC contexts in a certain period.

	NW Complexity
	Split bearer defined in intra-NR DC can be basically re-used, where two GTP tunnels are required to reduce the downlink interruption due to data forwarding.

	Security  Complexity
	Only one security key needs to be maintained as in DC. 
And there may be security key ambiguity issue during the role change for the UE.

	PDCP Function Complexity
	The PDCP reordering function in the source gNB is used to reorder PDCP PDUs from both source gNB and target gNB.
The enhancement for the PDCP relocation is needed.

	Applicable deployment scenarios
	The intra-NR DC deployed scenarios 

	Necessity of simultaneous RLM 
	The RLM procedures defined in intra-NR DC can be reused.


[bookmark: _GoBack]
Proposal: it is proposed that RAN2 need take above observations into consideration during study the DC-based HO for 0ms HO/SCG change in NR network.
Reference
[1] [bookmark: _Ref4718940][bookmark: _Ref1052551]R2-19xxxx, RAN2#105 Minutes
[2] R2-1904361	Differences between LTE and NR mobility enhancements, CMCC
	1/5	
oleObject1.bin
�

�

UE 


MgNB/Source gNB


7. RRC Conn Reconfig Complete


SgNB/ Target gNB


UE switches the target gNB as Master node


1. Measurement Control


14. Role Change Response


12. Measurement Report


4. SgNB Addition Request


5. SgNB Addition Request ACK


17. DL Data with SgNB Key


6. RRC Conn Reconfig. for SgNB Addition


8. SgNB Reconfig Complete


9. Random Access to SgNB


10. DL Data with MgNB Key


11. DL Data with MgNB Key


2. Data Transmission


13. Role Change Request


20. SgNB Release Request


15. RRC Conn Reconfig for role swap


18. DL Data with SgNB Key


UE distinguishes which gNB the DL PDCP PDU from


16. RRC Conn Reconfig Complete


22. UE Context Release


19. DL Data with SgNB Key


21. RRC Conn Reconfig(SgNB Release)


HO Decision


23. DL Data with SgNB Key


3. Measurement Report



image2.emf
S-gNB 

PDCP 

RLC

MAC

PHY

T-gNB

PDCP 

RLC

MAC

PHY

Data Forwarding 

PHY

MAC

RLC

PHY

MAC

RLC

PDCP

(Security/ROHC

Reordering/Duplication)

UE


oleObject2.bin
�

Data Forwarding 


S-gNB 


PDCP 


RLC


MAC


PHY


PHY


T-gNB


PDCP 


RLC


MAC


PHY


MAC


RLC


PHY


MAC


RLC


PDCP
(Security/ROHC
Reordering/Duplication)


UE



image1.emf
UE 

MgNB/Source  gNB

SgNB/ Target  gNB

1. Measurement Control

12. Measurement Report

4. SgNB Addition Request

5. SgNB Addition Request ACK

6. RRC Conn Reconfig. for 

SgNB Addition

9. Random Access to SgNB

2. Data Transmission

15. RRC Conn Reconfig 

for role swap

16. RRC Conn Reconfig Complete

7. RRC Conn Reconfig Complete

8. SgNB Reconfig Complete

10. DL Data with MgNB Key

11. DL Data with MgNB Key

13. Role Change Request

20. SgNB Release Request

18. DL Data with SgNB Key

19. DL Data with SgNB Key

22. UE Context Release

21. RRC Conn Reconfig(SgNB Release)

HO Decision

14. Role Change Response

17. DL Data with SgNB Key

UE distinguishes which 

gNB the DL PDCP PDU 

from

23. DL Data withSgNB Key

UE switches the target 

gNB as Master node

3. Measurement Report


