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1 Introduction
In RAN2#96 meeting, mobility and handover mechanism were discussed. According to the following agreements, enhancements on the HO mechanism (including the LTE mobility enhancement) to achieve 0ms interruption can be considered in NR. 
	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


This contribution provides our consideration on how to perform inter-gNB HO utilising dual connectivity in order to achieve 0ms interruption time. 
2 Discussion
2.1 LTE mobility enhancement
According to the analysis in latency reduction SI, there are three kinds of interruption time indicated in Table-1. 
Table 1: Service interruption time during HO execution 
	Phase
	Interruption time

	1/ RRC procedure delay
	including RRC signalling (i.e. HO command) processing 

	2/ UE processing time
	including delay for RF/baseband retuning, derive target eNB specific keys, configure security algorithm to be used in target cell and L2 reset/re-establishment;

	3/ RACH procedure and RRCConnectionReconfigurationComplete
	including delay to acquire first RACH occasion in the target cell (steps 9.3 to 11)


During the LTE mobility enhancement WI, RACH-less and make before break solution are supported to reduce the HO latency, and the impact on the HO latency/interruption time is given in Table 2. 
Table 2: Interruption time impact of LTE mobility enhancement solution
	Solution 
	Description
	Impact on the interruption time

	1/ RACH-less HO
	UE leaves the source cell when received HO command; 

UE directly transmits UL data in target cell and skip RACH;
	Phase-3 = 0;

	2/ Make before break HO
	UE leaves the source cell when it performs RACH in the target cell.
	Phase-1 latency = 0

	3/ Combined HO
	UE leaves the source cell when it performs the first PUSCH transmission in target cell, and no RACH during HO procedure. 
	Phase-1&3 latency = 0 



From Table-2, it can be seen that the UE processing time (i.e. phase-2 latency) is the key component needs to be addressed in achieving 0ms interruption time. The UE processing time includes two main components: RF/baseband retuning and L2 reset/reestablishment. 
1)  RF/baseband retuning
If the UE has one RF chain, the UE RF/baseband retuning to the target cell would impact the data transmission/receiving in the source cell. In other words, if UE has no simultaneous Rx/Tx capability, data interruption due to it cannot be avoided. 
Requirement 1: To achieve 0ms interruption time during HO, UE is required to support simultaneous Rx/Tx capability in target and source cell. 

2) L2 reset/reestablishment

During L2 reset/reestablishment, MAC/RLC buffer is flushed and the corresponding context is reset, and these actions cannot be regarded to be occurred within 0ms. To meet the 0ms interruption time, L2 reset/reestablishment should be avoided. 
Requirement 2: To achieve 0ms interruption time during HO, L2 reset/reestablishment should be avoided. 
Based on above analysis, it is proposed:
Proposal 1: To meet 0ms interruption time during HO, the mobility enhancement solutions should target following requirements:

· Requirement 1: UE support simultaneous Rx/Tx capability in target and source cell;
· Requirement 2: No L2 reset/reestablishment. 
2.2 NR mobility enhancement solution
According to the requirement 1 and 2, assuming the UE simultaneous Rx/Tx capability, we can separate the inter-gNB HO procedure into three steps: 

· Step-1: add the gNB as SgNB, 
· Step-2: reconfigure the SgNB to MgNB;
· Step-3: delete the source gNB. 
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 Figure 1: DC scheme during HO
In step-1, during the latency of the three phases indicated in Table-1, UE can still perform data transmission in MeNB, hence there is no interruption time;

In step-2, data transmission interruption cannot be avoided according to LTE mechanism, and L2 reset/reestablishment and security update are the two key contributors to the data interruption. To avoid the interruption, we need to have some enhancements based on LTE procedure. Analysis in detail is provided as below.
In setp-3, since UE works well in the target eNB, deleting the source gNB would not interrupt the transmission. 
Observation: Utilising DC scheme to achieve 0ms interruption time for inter-gNB HO, the key point is how to avoid the interruption in case of MgNB and SgNB role change. 
For the MgNB and SgNB role change, enhancements should be considered in the following aspects:

· MeNB HO with SgNB configuration 
In legacy LTE DC, SeNB configuration is released during the MeNB HO or MeNB change. For 1A architecture, PDCP is established at the SgNB. However, for 3C architecture, PDCP needs to be established at the SgNB upon the change of SgNB to MgNB. Mobility enhancement could be realised via the use of 1A architecture. Hence the full user plane protocol stack is established at SgNB at the time of SgNB configuration. The SgNB is configured only when there is at least one DRB is served by the SgNB in legacy LTE. To allow for flexibility of protocol stack establishment at the SgNB for mobility support, the first DRB establishment at the SgNB can be decoupled from the SgNB configuration, i.e. SgNB can be configured with zero or more DRBs. 
· The security and header compression (if used) change without transmission interruption
If the security and header compression context could be maintained during the SgNB to MgNB swap, the interruption could be minimised. To resolve the security/compression change issue, there are potential approaches which could be investigated:

1/ no security/ header compression change during the SgNB to MgNB change, 
2/ introducing time/SN boundary to apply new configuration, 
3/ support both old and new security/compression configuration during the SgNB to MgNB change. 
· RRC establishment at the target gNB

RRC is located at the MeNB in legacy LTE DC and it serves the UE. Upon the change of SgNB to MgNB, RRC should be located at the target gNB. How to estabslishe RRC at the target gNB with minimal impact to the UE procedure upon SgNB to MgNB swap should be investigated.
Proposal 2: Following enhancement on SCG changed to MCG can be investigated for NR inter-gNB HO with the target of 0ms interruption time:
· MgNB change with SgNB configuration

· SgNB addition with or without DRB

· Maintenance of security and header compression context during SgNB to MgNB change

· How to establish RRC at the target gNB with minimal impact to the UE procedure upon SgNB to MgNB swap.

3 Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: To meet 0ms interruption time during HO, the mobility enhancement solutions should target following requirements:

· Requirement 1: UE support simultaneous Rx/Tx capability in target and source cell;
· Requirement 2: No L2 reset/reestablishment. 
Proposal 2: Following enhancement on SCG changed to MCG can be investigated for NR inter-gNB HO with the target of 0ms interruption time:
· MgNB change with SgNB configuration

· SgNB addition with or without DRB

· Maintenance of security and header compression context during SgNB to MgNB change

· How to establish RRC at the target gNB with minimal impact to the UE procedure upon SgNB to MgNB swap.
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