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1 Introduction
In the RAN2#93bis meeting, the solution 1 family (namely “RACH-less solution”) and the solution 2 family (namely “make-before-brake solution”) were discussed to reduce the service interruption in mobility events. The candidate options of solution 2 family include those provided in [1]

 REF _Ref450737279 \r \h 
[2]

 REF _Ref450737281 \r \h 
[3]

 REF _Ref450737283 \r \h 
[4]. After the meeting, companies are required to provide the details of each option in the email discussion [5]. This contribution tries to analyze and compare those candidate options, in terms of interruption improvement, UE complexity, network complexity, and specification impact of both RAN2 and RAN3. 
2 Discussion
2.1 Latency components
In TS36.881, UE resumes the transmission/reception with the target eNB after it transmits the RRCConnectionReconfigurationComplete message to the target eNB. In solution 2 family, UE maintains the connection with the source eNB during the handover. Therefore, a mass of duplicated downlink packages is expected if the target eNB blindly sends the downlink data to the UE before it receives the PDCP status report from the UE. The earliest opportunity for PDCP status report transmission is provided by the UL grant in RAR where the PDCP status report is transmitted along with the RRCConnectionReconfigurationComplete message. As a result, the latency components table given in TS36.881 is updated to include the eNB processing delay as shown below:
	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
Proposal 1: For interruption analysis, RAN2 is kindly asked to take the delay caused by step 12 (eNB processing time for RRCConnectionReconfigurationComplete message) into account. 

2.2 Comparison of candidate options of solution 2 family
In this section, we try to compare all the candidate options provided in the email report [5]. During the email discussion, some companies intended to include the alternatives where solution 2 is combined with TDM pattern for comparison and down selection. However, TDM pattern is an add-on solution for UE without capability of simultaneous access to more than one eNB at the same subframe and can be applied to any options in solution 2 family (except for category A). To make the comparison more clear and focused on improvement and impact only due to maintain the source connection during the handover, we prefer only considering options of solution 2 without TDM pattern solution.
Proposal 2: RAN2 only considers candidate options of solution 2 without TDM pattern solution for comparison and down selection.
Similar to the TDM pattern, the RACH-less approach can be combined with any of the option of solution 2 to further reduce the interruption. Our view is that the analysis and discussion on the combination of RACH-less and options of solution 2 can be treated as a lower priority at this stage.
Proposal 3: The analysis and discussion on the combination of RACH-less and options of solution 2 can be treated as a lower priority at this stage.
	Category
	Category A
	Category B
	Category C
	Category D

	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

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


	No MAC and PDCP reset.
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	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.


Table 2 Comparison of candidate options of solution 2 family
From the Table 2 of comparison, we have the following observations:

Observation 1: Since the source eNB is not aware of the exact time of the source connection release if UE automatically stops the transmission/reception towards the source eNB (Option 1, 2, 3, 4), a lot of radio resources may be wasted as the source eNB continues scheduling the UE.
Observation 2: Handover indication from the UE reduces the waste of radio resources (Option 6). However, the source eNB stops the transmission/reception after it successfully receives the handover indication and the UE stops the transmission/reception after it transmits the handover indication. Therefore, radio resources waste is still foreseen.
Observation 3: Handover interruption cannot be reduced to zero if legacy L2 behavior during handover is retained, e.g. MAC and PDCP are reset at some point.
Observation 4: With simultaneously transmission/reception towards source/target eNB (category D), the handover interruption can be reduced to zero at the expense of increased UE and network complexity, e.g. increase X2/S1 signaling exchange and inter-PDCP coordination.
Observation 5: Option 5/7 provides extra throughput improvement compared with other options [3].

Observation 6: In option 8, the security key is not refreshed during the PCell change without handover which is different from the legacy LTE security mechanism, e.g. the KeNB is derived based on the current key/NH, the PCI and the EARFCN-DL.
Note: the legacy security key derivation can be found in the Annex. It is shown that the AS security key is derived per-cell and per-frequency, e.g. the KeNB is derived based on the current key/NH, the PCI and the EARFCN-DL. Change of PCell without handover still requires update of KeNB in legacy LTE system.
Based on the table and the observations, we have the following proposals:
Proposal 1: The selected option should avoid radio resource waste due to the release of the source cell.
Proposal 2: The UE capability of simultaneous Rx/Tx regarding Category C and D are considered as optional for corresponding options.
Proposal 3: If the UE capability can support simultaneous Rx/Tx of more than one intra-frequency cells, Category D is prioritized.
Proposal 4: Option 8 is deprioritized for further study.
Proposal 5: It proposes that RAN2 only considers option 6 (case 0) for category A, option 6 (case 1) for category B, option 6 (case 2) for category C, and option 5 and 7 for category D for further discuss and down selection.

Proposal 6: The selected solution should be applicable for both intra and inter frequency mobility scenarios including change of SeNB and handover of SC/DC.

Proposal 7: The selected solution should minimize the impacts in work groups other than RAN2/3/4.
3 Conclusion
In this contribution, we mainly discuss and compare the options of solution 2 family and we have the following observations:

Observation 1:
Since the source eNB is not aware of the exact time of the source connection release if UE automatically stops the transmission/reception towards the source eNB (Option 1, 2, 3, 4), a lot of radio resources may be wasted as the source eNB continues scheduling the UE.
Observation 2:
Handover indication from the UE reduces the waste of radio resources (Option 6). However, the source eNB stops the transmission/reception after it successfully receives the handover indication and the UE stops the transmission/reception after it transmits the handover indication. Therefore, radio resources waste is still foreseen.
Observation 3:
Handover interruption cannot be reduced to zero if legacy L2 behavior during handover is retained, e.g. MAC and PDCP are reset at some point.
Observation 4:
With simultaneously transmission/reception towards source/target eNB (category D), the handover interruption can be reduced to zero at the expense of increased UE and network complexity, e.g. increase X2/S1 signaling exchange and inter-PDCP coordination.
Observation 5:
Option 5/7 provides extra throughput improvement compared with other options [3].
Observation 6: 
In option 8, the security key is not refreshed during the PCell change without handover which is different from the legacy LTE security mechanism, e.g. the KeNB is derived based on the current key/NH, the PCI and the EARFCN-DL.
We also have the following proposals:

Proposal 1:
For interruption analysis, RAN2 is kindly asked to take the delay caused by step 12 (eNB processing time for RRCConnectionReconfigurationComplete message) into account.
Proposal 2:
RAN2 only considers candidate options of solution 2 without TDM pattern solution for comparison and down selection.
Proposal 3:
The analysis and discussion on the combination of RACH-less and options of solution 2 can be treated as a lower priority at this stage.
Proposal 4:
The selected option should avoid radio resource waste due to the release of the source cell.
Proposal 5:
The UE capability of simultaneous Rx/Tx regarding Category C and D are considered as optional for corresponding options.
Proposal 6:
If the UE capability can support simultaneous Rx/Tx of more than one intra-frequency cells, Category D is prioritized.
Proposal 7:
Option 8 is deprioritized for further study.
Proposal 8:
It proposes that RAN2 only considers option 6 (case 0) for category A, option 6 (case 1) for category B, option 6 (case 2) for category C, and option 5 and 7 for category D for further discuss and down selection.
Proposal 9:
The selected solution should be applicable for both intra and inter frequency mobility scenarios including change of SeNB and handover of SC/DC.
Proposal 10:
The selected solution should minimize the impacts in work groups other than RAN2/3/4.
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Key chain [6]: 
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