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Introduction
According to the interruption requirements (which is also quoted in Annex A) given in TR 38.913 [1], the NR is targeting at “0ms” mobility interruption time. According to the previous NR SI discussion, the following agreements could be related to the discussion on how to achieve the “0ms” interruption:
	-	The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
-	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 this contribution, we discuss the potential solutions (e.g. via dual connected handover) which could meet the requirements.
Discussion
Background of LTE eMob solutions
As a reference the interruption analysis of Rel-8/9 LTE is given as follows:
	Component/ Step
	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

	12
	eNB processing time for RRC Connection Reconfiguration Complete
	T

	
	Minimum/Typical Total delay [ms] 
	45.5+T/49.5+T


Table 1 Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover
In the Rel-14 LTE eMob work item, two solution directions (i.e. Solution 1) RACH-less and Solution 2) MBB (Make-Before-Break)) are discussed to reduce the mobility interruption time for LTE. However due to the limited time in Rel-14, the final two solutions from Solution 1 family and Solution 2 family are not able to achieve the 0ms interruption time, and can only be used for every limited scenarios (e.g. RACH-less only for small cell and intra site; MBB only for intra-frequency). 
Observation 1: Both RACH-less and MBB solutions in LTE cannot achieve “0ms” interruption requirement. 
For Solution 2 “MBB”, as this solution is targeting at the simultaneous data transmission from both the source and the target, the UE would require extra RF capabilities in order to achieve the simultaneous Rx/Tx of PDSCH/PUSCH from both the source and the target for either intra-frequency or inter-frequency. The detailed analysis of the MBB solution family can be found in [2] [3]. As a reference the comparison table of candidate solutions is given in Annex B, which also includes the details of each solution at different layers.
Observation 2: Only Category D (which is not specified in LTE) of MBB solution family can achieve “0ms” interruption requirement, but requires extra RF capabilities (e.g. simultaneous Rx/Tx of PDSCH/PUSCH from the source and the target) of the UE.

Consideration on dual connected solution in NR
According to the comparison table given in Annex B, we think that either Solution 7 or 3 in Category D (namely dual connected solutions) has its pros and cons in the NR handover case. Solution 7 does not require an extra layer for reordering, compared with Solution 3. However Solution 7 may require the PDCP SN coordination between the source and the target. In the following proposal we try to summarize the basic characteristics of MBB Category D. Details on how to specify Category D solution can be left to the work item phase.
Proposal 1: The dual connected solution of NR handover should have the following functionalities:
· During handover two independent L2 protocol stacks (including PDCP/RLC/MAC) are configured for both the source cell group and the neighbour cell group.
· During handover the UE performs the reordering either within the source PDCP or an extra layer above PDCP.
· After handover the source L2 protocol stacks (including PDCP/RLC/MAC) are released.
· After handover the target L2 protocol stacks (including PDCP/RLC/MAC) does not reset.
As the MBB Category D requires the UE to receive the data from two eNBs with two different keys, the solutions on the key indication as proposed in Rel-14 eLWA could be considered. Details on how the key is used and indicated at the UE can be discussed further in the work item phase after SA3 defines the key maintenance/derivation mechanism.
Observation 3: The solutions on the key indication as proposed in Rel-14 eLWA can be considered for the NR dual connected solution.
Regarding the support of intra or inter frequency, we think that the NR dual connected solution should support both the intra and inter frequency cases. Details on the UE capability support (e.g. the inter-frequency dual connected handover could be supported only when the UE indicate a bandCombination including both the source frequency(s) and the neighbour frequency(s)) can be discussed further. Regarding the intra-frequency support, if the UE does not support simultaneous Rx/Tx of PDSCH/PUSCH, we can still use the TDM solution on top of the dual connected solution. Some simulation results which prove the benefit (e.g. throughput) of intra-frequency TDM solution can be found in [5] and Annex C.
Observation 4: With TDM solution, the intra-frequency dual connected solution can provide more benefit on throughput, and does not require excessive UE RF capability.
Proposal 2: The NR dual connected solution should support both intra and inter frequency handover.

NR dual connected SCG change 
According to the Rel-14 eMob discussion, the MBB solution as discussed for handover are also reused for the SCG change. Thus we think the NR SCG change can also reuse the dual connected solution of handover. 
Proposal 3: The dual connected solution as agreed for NR handover should be re-used for NR SCG change.


  
Conclusion
According to the analysis given above, we have the following Observations and Proposals:
Observation 1: Both RACH-less and MBB solutions in LTE cannot achieve “0ms” interruption requirement. 
Observation 2: Only Category D (which is not specified in LTE) of MBB solution family can achieve “0ms” interruption requirement, but requires extra RF capabilities (e.g. simultaneous Rx/Tx of PDSCH/PUSCH from the source and the target) of the UE.
Observation 3: The solutions on the key indication as proposed in Rel-14 eLWA can be considered for the NR dual connected solution.
Observation 4: With TDM solution, the intra-frequency dual connected solution can provide more benefit on throughput, and does not require excessive UE RF capability.
Proposal 1: The dual connected solution of NR handover should have the following functionalities:
· During handover two independent L2 protocol stacks (including PDCP/RLC/MAC) are configured for both the source cell group and the neighbour cell group.
· During handover the UE performs the reordering either within the source PDCP or an extra layer above PDCP.
· After handover the source L2 protocol stacks (including PDCP/RLC/MAC) are released.
· After handover the target L2 protocol stacks (including PDCP/RLC/MAC) does not reset.
roposal 2: The NR dual connected solution should support both intra and inter frequency handover.
Proposal 3: The dual connected solution as agreed for NR handover should be re-used for NR SCG change.
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Annex A: Interruption requirements
TR 38.913:
	[bookmark: _Toc471825737]7.7	Mobility interruption time
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.
This KPI is for both intra-frequency and inter-frequency mobility for intra-NR mobility.
Mobility support can be relaxed for extreme rural scenarios for the Provision of minimal services for very low-ARPU areas: Inter RAT mobility functions can be removed. Intra-RAT mobility functions can be simplified if it helps decreasing the cost of infrastructure and devices. Basic idle mode mobility shall be supported as a minimum.
Analytical evaluation is used as the evaluation methodology.







Annex B: Comparison of dual connected solutions
	Category
	Category A
	Category B
	Category C
	Category D

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Category Description
	No simultaneous Rx/Tx with two intra-frequency cells.
	No simultaneous Tx and needs simultaneous Rx of PSS/SSS/CRS from two intra-frequency cells.
	Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell.
	Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Option
	Option 6(case 0)
	Option 1
	Option 4
	Option 6(case 1)
	Option 2
	Option 6(case 2)
	Option 3
	Option 5
	Option 6(case 3)
	Option 7
	Option 8 (PCell change) 

	Option Description
	The UE continues data transmission with source eNB until it performs RF re-tuning and downlink synchronization
	The UE continues data transmission with source eNB until the UE transmits the first preamble to the target eNB.
	The UE continues data transmission with source eNB until it sends the first RRCConnectionReconfigurationComplete message to the target eNB using the pre-allocated UL grant.
	The UE continues data transmission with source eNB until the UE transmits the first preamble to the target eNB.
	The UE continues data transmission with source eNB until it sends the first RRCConnectionReconfigurationComplete message to the target eNB.
	The UE continues downlink and uplink data transmission with source eNB until it successfully receives RAR from the target eNB
	The UE continues data transmission with source eNB until it successfully transmits the RRCConnectionReconfiguration message
	The UE continues data transmission with source eNB until the source cell is not available or the buffer is empty
	The UE continues data transmission with source eNB until it successfully transmits the RRCConnectionReconfiguration message
	The UE continues data transmission with source eNB until the source cell is not available
	The UE continues data transmission with source eNB until the source cell is not available(for PCell change without handover)

	Interruption Improvement
	15ms (step 7)
	35ms (15ms (step 7) + 20ms (step 9.2)).
	49.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+6ms(step 11))
	35ms (15ms (step 7) + 20ms (step 9.2)).
	48.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+5ms(step 11 excluding the RRC message transmission time(1ms)))
	Between 43.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)) and 48.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+5ms(step 11 excluding the RRC message transmission time(1ms)))
	(49.5+T)ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+6ms(step 11)+ T(step 12)
	(49.5+T)ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+6ms(step 11)+ T(step 12)
	(49.5+T)ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+6ms(step 11)+ T(step 12)
	(49.5+T)ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+6ms(step 11) +T(step 12)
	(49.5+T)ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+6ms(step 11) +T(step 12)

	Layer 2 structure
	MAC and PDCP are reset before the UE starts RF-re-tuning and downlink synchronization. 
	MAC and PDCP are reset before the UE sends the first preamble to the target eNB.
	MAC and PDCP are reset before the UE sends the first RRCConnectionReconfigurationComplete message to the target eNB.
	MAC and PDCP are reset before the UE sends the first preamble to the target eNB.
	MAC and PDCP are reset before the UE sends the first RRCConnectionReconfigurationComplete message to the target eNB.
	MAC and PDCP are reset before the UE sends the first RRCConnectionReconfigurationComplete message to the target eNB.
	Two protocol stacks are required and some coordination between them is desired.
	Two protocol stacks are required and some coordination between them is desired.


	Two protocol stacks are required and some coordination between them is desired

	No MAC and PDCP reset.


	No MAC and PDCP reset.

	Above PDCP
	No impact 
	No impact
	No impact
	No impact
	No impact
	No impact
	?? 
	Mapping of EPS bearer to new radio bearer is delayed.
	?? 
	No impact
	No impact

	PDCP
	No impact
	No impact
	No impact
	No impact
	No impact
	No impact
	No impact
	No impact
	No impact
	The re-ordering function of one PDCP entity is disabled.
	No impact

	Data forwarding
	The source eNB initials the data forwarding after it receives the handover indication from the UE.
The source SeNB initial the data forwarding after it receives the SeNB change indication from the UE or the MeNB.
	No impact for downlink, the source eNB may initial the data forwarding as soon as the eNB receives the Handover Request Ack.
For uplink, it may happen before the UE stops the transmission with the source eNB.
	No impact for downlink, the source eNB may initial the data forwarding as soon as the eNB receives the Handover Request Ack.
For uplink, it may happen before the UE stops the transmission with the source eNB.
	The source eNB initials the data forwarding after it receives the handover indication from the UE.
The source SeNB initial the data forwarding after it receives the SeNB change indication from the UE or the MeNB.
	No impact for downlink, the source eNB may initial the data forwarding as soon as the eNB receives the Handover Request Ack.
For uplink, it may happen before the UE stops the transmission with the source eNB.
	The source eNB initials the data forwarding after it receives the handover indication from the UE.
The source SeNB initial the data forwarding after it receives the SeNB change indication from the UE or the MeNB.
	No impact for downlink, the source eNB may initial the data forwarding as soon as the eNB receives the Handover Request Ack.
For uplink, it may happen before the UE stops the transmission with the source eNB.
	No data forwarding is needed.
	The source eNB initials the data forwarding after it receives the handover indication from the UE.
The source SeNB initial the data forwarding after it receives the SeNB change indication from the UE or the MeNB.
	The source eNB initials the data forwarding after it receives the success indicator from the target eNB.
	No impact

	SN status transfer
	The source eNB sends the SN Status Transfer to the target eNB after it receives the handover indication from the UE.
	It may happen before the UE stops the transmission with the source eNB.
	It may happen before the UE stops the transmission with the source eNB.
	The source eNB sends the SN Status Transfer to the target eNB after it receives the handover or SeNB change indication from the UE.
	It may happen before the UE stops the transmission with the source eNB.
	The source eNB sends the SN Status Transfer to the target eNB after it receives the handover indication or SeNB change from the UE.
	It may happen before the UE stops the transmission with the source eNB.
	Only the DL count value IE in the SN Status Transfer message is needed.
	The source eNB sends the SN Status Transfer to the target eNB after it receives the handover indication or SeNB change from the UE.
	The source eNB sends the SN Status Transfer to the target eNB after it receives the success indicator from the target eNB.
	No impact

	X2-AP interface
	The source MeNB need to sent the handover indication to the SeNB
The MeNB may send the SeNB change indication to the source SeNB.
	No impact
	Pre-allocated UL grant included in the Handover Request Ack message
	The source MeNB need to sent the handover indication to the SeNB
The MeNB may send the SeNB change indication to the source SeNB.
	No impact
	The source MeNB need to sent the handover indication to the SeNB
The MeNB may send the SeNB change indication to the source SeNB.
	Signaling for inter-eNB PDCP coordination.
	Signaling exchange between the source and target eNB for new bearer establishment and old bearer modification is need (including GTP address exchange).
Release of old bearer may be needed.
	The source MeNB need to sent the handover indication to the SeNB
The MeNB may send the SeNB change indication to the source SeNB.
Signaling for inter-eNB PDCP coordination.
	Signaling exchange between the source and target eNB for SCell addition.
Successful indicator is needed.
Release of old bearer may be needed.
	No impact

	Uu interface
	UE need to send the handover indication to the source eNB or source MeNB.
UE need to send the SeNB change indication to the MeNB or source SeNB.
Smooth handover indicator.
	Smooth handover indicator.
	Pre-allocated UL grant sent included in the Handover Command message
Smooth handover indicator.
	UE need to send the handover indication to the source eNB or source MeNB.
UE need to send the SeNB change indication to the MeNB or source SeNB
Smooth handover indicator.
	Smooth handover indicator.
	UE need to send the handover indication to the source eNB or source MeNB.
UE need to send the SeNB change indication to the MeNB or source SeNB
Smooth handover indicator.
	Smooth handover indicator.
	RRCConnectionReconfiguration message includes the configuration and parameters for new bearer establishment and old bearer medication. 
Smooth handover indicator.
	Smooth handover indicator.
	RRCConnectionReconfiguration message includes the configuration and parameters for bearer modification
Smooth handover indicator.
	Smooth handover indicator.


[bookmark: _Ref450739019][bookmark: _Ref450739001]Table 2 Comparison of candidate options of solution 2 family

Annex C: Performance evaluation on dual connected solutions
The simulation categories are listed as follows:
· 3km-MC (Multiple Connectivity) (or 10km-MC): The UE speed is at 3km/h (or 10km/h). MC is enabled with simultaneous Rx/Tx (Alt 1).
· 3km-MC-TDM (or 10km-MC-TDM): The UE speed is at 3km/h (or 10km/h). MC is enabled with TDM (Alt 2).

[image: MC-TDM]
Figure 1: CDF of UPT

Table 3: Summary of Simulation Results
	
	RU
	10%-ile UPT (Mbps)
	50%-ile UPT (Mbps)
	90%-ile UPT (Mbps)
	Percentage of SC UE 
	Percentage of DC UE
	Percentage of MC UE

	3km-MC
	55.4%
	0.35
	1.77
	5.11
	44%
	25%
	31%

	3km-MC-TDM
	39.5%
	0.37
	1.93
	4.98
	43%
	28%
	29%

	10km-MC
	52.8%
	0.22
	1.26
	4.42
	50%
	25%
	25%

	10km-MC-TDM
	37.4%
	0.22
	1.39
	4.52
	49%
	26%
	25%



As shown in Figure 1 and Table 3, the UPT of Alt 1 and Alt 2 are quite close to each other. Regarding RU (Resource Utilization), Alt 1 needs more resource (40.1% more at 3km/h and 41.2% more at 10km/h), compared with Alt 2. This means that while transmitting the same number of packets, Alt 1 needs more radio resources. The reason is that Alt 1 introduces more interference while enabling the simultaneous Rx/Tx on the same frequency, compared with Alt 2. As a result, the MCS(s) used for Alt 1 are lower than that of Alt 2.
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