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1      Introduction
New WI “NR mobility enhancements” was approved in [1]. For reduction of interruption time, following objective are considered in this WI:

· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 

· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 

Note: The following aspects should be considered in above objectives.

- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR
- UE capability on the number of Tx/Rx chains

- Low and high velocity

- FR1 and FR2 frequencies
In this contribution, we discuss what solution should be adopted for NR based on existing LTE solutions. 
2      Existing LTE solutions 

In LTE time frame, to reduce the interruption time, following solutions have been considered:

· Rel-14: 

· RACH-less: skipping RACH procedure in intra-node handover and handover to a small cell to reduce the interruption time during handover since it applies only for the case where TA=0 or same TA as other serving cell;  

· Make Before Break handover: allow the UE to continue communicate with serving cell after receiving HO command until retuning to target cell is performed. 

· Rel-16 [2]: In LTE Rel-16 WI, to reduce interruption time, both split bearer based approach and non-split bearer based approach are discussed. Based on email discussion in [4], majority of companies preferred non split bearer based approach. The basic idea as summarized in [4] is:
· PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB

· RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

· The procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. either via procedural text or via dedicated message/indication.) 
· In case of two active protocol stacks, a separate security key is used for each of the protocol stacks

· Single active protocol stack: company’s assumption is that: (solution 2.6) The UE keeps data transmission with the source while it performs random access to the target. As soon as random access succeeds, the UE performs PDCP data recovery, stops DL/UL transmission with the source and start DL/UL data transmission with the target.
· Two active protocol stacks: the UE shall continue the DL reception from both source and target until source has been deleted;

As mentioned in the WI scope, “LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover.”. Taking into account company’s view in [4], we assume it should be also applicable for NR discussion, i.e. for simultaneous connectivity, focus on non-split bearer based approach for NR discussion, and continue the discussion on whether single active protocol stack or two active protocol stacks should be used. 

Proposal 1: For simultaneous connectivity, focus on non-spit bearer based approach. DC based approach is not considered.
Proposal 1b: For non-split bearer based approach, take LTE summary as baseline for further discussion:

· PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB

· RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

· The procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. either via procedural text or via dedicated message/indication.) 
· In case of two active protocol stacks, a separate security key is used for each of the protocol stacks

· Single active protocol stack: company’s assumption is that: (solution 2.6) The UE keeps data transmission with the source while it performs random access to the target. As soon as random access succeeds, the UE performs PDCP data recovery, stops DL/UL transmission with the source and start DL/UL data transmission with the target.
Note: this is the enhancement to rel-14 MBB;

· Two active protocol stacks: the UE shall continue the DL reception from both source and target until source has been deleted;
Another question is whether all these solutions should be supported in NR?
The comparison on RACH-Less HO, MBB and multiple connectivity is shown as below:

	
	RACH-Less HO
	MBB
	Multiple connectivity (single active protocol or two active protocol)

	Applied scenario
	Target cell TA is known by the UE, i.e. intra-site handover or to a small cell;
	The Make-Before-Break solution is only applicable for the intra-frequency scenario.
	Target to intra/inter freq, intra/inter site, and sync/async;
Note: feasibility for simultaneous transmission/reception is waiting for the feedback from RAN1/4 

	Interruption time
	41ms + the time waiting for UL resources
	10.5-14.5 ms (without RACH-less HO)
6+ the time waiting for UL resources (with RACH-less HO)
	0ms if simultaneous transmission/reception is supported; 


 Note: the time calculated in above table is based on the value in 36.881. 
Considering, the applied scenario is really limited for RACH-less HO and MBB, and the interruption time still cannot meet the requirement. That’s the reason why LTE approved WI [2] to further enhance the interruption time. To avoid duplicated solutions, we would suggest RAN2 to focus on multiple connectivity solution on interruption reduction. 

Proposal 2: On reduction of the interruption time, RAN2 should focus on multiple connectivity solution, and consider LTE RACH-Less HO/MBB solution only if multiple connectivity solution cannot be supported in Rel-16.
3      Conclusion
Proposal 1: For simultaneous connectivity, focus on non-spit bearer based approach. DC based approach is not considered.

Proposal 1b: For non-split bearer based approach, take LTE summary as baseline for further discussion:

· PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB

· RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

· The procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. either via procedural text or via dedicated message/indication.) 
· In case of two active protocol stacks, a separate security key is used for each of the protocol stacks

· Single active protocol stack: company’s assumption is that: (solution 2.6) The UE keeps data transmission with the source while it performs random access to the target. As soon as random access succeeds, the UE performs PDCP data recovery, stops DL/UL transmission with the source and start DL/UL data transmission with the target.
Note: this is the enhancement to rel-14 MBB;

· Two active protocol stacks: the UE shall continue the DL reception from both source and target until source has been deleted;

Proposal 2: On reduction of the interruption time, RAN2 should focus on multiple connectivity solution, and consider LTE RACH-Less HO/MBB solution only if multiple connectivity solution cannot be supported in Rel-16.
4      Annex (based on 36.881)

	Steps
	Procedure description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5
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