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Discussion and Decision
1      Introduction
New WI “NR mobility enhancements” was approved in [1]. For improvement of reliability, the following objective are considered in this WI:

· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 

· Conditional handover 
· Fast handover failure recovery 

RAN2 should avoid increasing signalling overhead. 

Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 

This contribution discuss the existing LTE solutions and provide analysis on handover reliability for LTE solution. 
2      Existing LTE solutions 
In LTE time frame, some enhancements related to mobility performance were introduced, they are summarized as follow:

· Rel 8: TTT scaling based on mobility state.
· Rel 11: RLF reporting indicating if RLF due to either T310 expire, RACH problem, RLC retransmission reaches maximum or T312 expires. This supposes to better assist the network with future handover configuration. 

· Rel 11: handover to the same eNB allows enable or disable the continue of ROHC

· Rel 12: 

· Mobility history reporting: UE reports stored mobility history information to the eNB upon transit from idle to connected mode. The intention is to allow the network to better estimate the UE mobility state.  

· Cell specific TTT scaling: this allow the network to configure different TTT for target cell

· T312: speed up RLF recovery procedure by triggering re-establishment procedure sooner using a shorter timer than T310. 

· Context fetch: to allow the UE to camp on a non-prepared target cell after HOF if the network supports it. 

· Rel13: support of SINR measurement, event trigger and reporting. This allows the handover better considering interference of neighbouring cell.   

· Rel 14: 
· RACH-less: skipping RACH procedure in intra-node handover and handover to a small cell to reduce the interruption time during handover. 

· Make Before Break handover: allow the UE to continue communicate with serving cell after receiving HO command until retuning to target cell is performed. This is to reduce the interruption time during handover.
· Rel-16 [2]: In LTE Rel-16 WI, to improve the reliability, conditional handover is a candidate solution. [3] shows conditional handover can improve both HOF and PP. Based on it, following agreements have been made in LTE as:
1
RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

2
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

Agreements

1
Support configuration of one or more candidate cells for conditional handover.

=>
FFS how many candidate cells (UE and network impacts should be clarified).

2.1     Reliability analysis
	Enhancement
	Reliability improvement for LTE
	Applicable for NR?

	Rel 8: TTT scaling based on mobility state
	TTT scaling based on mobility state could enhance reliability between macro cell handover. However, when small cell is introduced, it has been shown that Rel 8 cell count based mobility estimation is not accurate in hetnet deployment. Therefore, TTT scaling based on mobility state cannot provide good performance in some scenarios in LTE.  
	NR deployment is more complex than LTE because it includes multiple TRP within a cell. Cell size has larger range than in LTE. Therefore, it can be expected Rel 8 cell count based mobility estimation is not reliable for NR and hence TTT scaling will not improve reliability in NR deployment.

	Rel 11: RLF reporting
	This is to help the network to understand why HOF happens. Therefore it cannot help with reliability improvement for LTE. 
	This is to help the network to understand why HOF happens. Therefore it cannot help with reliability improvement for NR.

	Rel 12: Mobility history reporting
	This is to help the network to estimate the mobility state of the UE so that the network can configure better HO parameters upon the UE transit from idle to connected mode. This may somewhat help to get better HO performance. However, if the UE mobility state changes, the initial HO parameters will no longer helps.  
	This is to help the network to estimate the mobility state of the UE so that the network can configure better HO parameters upon the UE transit from idle to connected mode. This may somewhat help to get better HO performance. However, if the UE mobility state changes, the initial HO parameters will no longer helps.  

	Rel 12: Cell specific TTT scaling
	During the WI, simulation has shown that cell specific TTT doesn’t help with handover performance much. It is rather the source cell type is impact more in which network already knows. Therefore, reliability is limited.
	No applicable in NR since there is no different cell type in NR. Similar performance should be expected based on cell size and TTT scaling in NR.

	Rel 12: T312 RLF timer
	This helps to speed RLF recovery but no handover performance. 
	This helps to speed RLF recovery but no handover performance. 

	Rel 12: Context fetch
	This helps to speed RLF recovery but no handover performance. 
	This helps to speed RLF recovery but no handover performance. 

	Rel13: support of SINR measurement
	SINR triggering considers interference during handover, this should improve the handover performance by handover not too early and not too late. 
	SINR triggering considers interference during handover, this should improve the handover performance by handover not too early and not too late. 

	Rel 14: RACH-less handover
	RACH-less handover is to improve interruption time.
	RACH-less handover is to improve interruption time.

	Rel 14: Make Before Break
	Make before break is to improve interruption time.
	Make before break is to improve interruption time.

	Rel 16: Conditional handover
	It can improve Handover failure due to loss of handover command, etc. 
	It is applicable for NR especially NR may suffer higher HOF due to high frequency, 


Majority of the existing handover mechanism do not provide reliability of handover in LTE except support of SINR and conditional handover (Rel-16). 

Observation 1: majority of the existing handover mechanism do not provide reliability of handover in LTE except support of SINR and conditional handover (Rel-16).

Observation 2: SINR is already supported in NR.

Base on the analysis above, conditional handover is the good mechanism to improve the robustness, LTE current agreements can be reused for NR. 
Proposal 1: Introduce conditional handover in NR. This is defined as:

-
UE having network configuration for initiating access to a target cell based on configured condition(s). 

-
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
-
Support configuration of one or more candidate cells for conditional handover.
- 
FFS on details.

3      Conclusion
Observation 1: majority of the existing handover mechanism do not provide reliability of handover in LTE except support of SINR and conditional handover (Rel-16).

Observation 2: SINR is already supported in NR.

Proposal 1: Introduce conditional handover in NR. This is defined as:

-
UE having network configuration for initiating access to a target cell based on configured condition(s). 

-
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
-
Support configuration of one or more candidate cells for conditional handover.
- 
FFS on details.
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