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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-break solution”) were discussed to reduce the service interruption in mobility events. The candidate solutions of solution 2 family includes those provided in [1][2][3][4]. Based on the mobility phases provided in section 2.1, companies are expected to provide the solution(s) for different scenarios in section 2.2. The details of each solution should include the signaling procedures of both Uu interface and X2 interface, the data forwarding, the interruption analysis and the UE/network behaviors (including layer-2 architectures) for each phase. For each solution, a table for collecting different understandings/concerns are expected.
The objectives of this email discussion are as follows:
	-
Including the options proposed in R2-162719 and R2-162232.

-
Including the requirements of each options

-
Including the data forwarding issue.

-
Including the solutions mentioned in R2-162963 and R2-162411.

-
Identify the use scenario for each solution (e.g., SCG change or handover…)

-
Reuse the Table I and the concept of phase in R2-162232

-
Intended outcome: clear details of each solutions including the bullets above. The outcome will be used to further down-selection.


The deadline of this email discussion is Thursday, 2016-05-05, 23:59 Pacific Time.
2 Discussion
2.1 Background 
2.1.1 Scenario 1: handover of SC (Single Connectivity)
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Figure 1: Current handover procedure of SC with data interruption [2]
According to the Figure 1 of R2-162232 [1], the handover of SC can be divided into the following phases:

· Phase I: Before UE successfully receives RRCConnectionReconfiguration including mobilityControlInfo from source eNB.
· Phase II: Time between UE successfully receiving RRCConnectionReconfiguration including mobilityControlInfo and the UE transmitting the first random access preamble. (NOTE: this phase includes the RRC processing delay for the RRCConnectionReconfiguration message.)
· Phase III: Time between transmission of the first random access preamble towards the target eNB, and successful reception of the RACH response message.
· Phase IV: After UE has successfully received the RACH response message from the network (NOTE: this phase also includes transmission of the RRCConnectionReconfigurationComplete message).
The Tx/Rx of relevant physical channels in each phase are as follows [1]:
Table 1: Summary of DL/UL transmission from/to a particular eNB in SC handover
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Legacy handover of SC
	eNB1/
Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	-
	-
	-

	
	eNB2/
Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH / SRS


2.1.2 Scenario 2: handover of DC (Dual Connectivity)
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Figure 2: Current handover procedure of DC with data interruption [6]
According to section “10.1.2.8.8
Inter-MeNB handover without SeNB change” of 36.300 [6], the handover of DC can be divided into the following phases:

· Phase I: Before UE successfully receives RRCConnectionReconfiguration including mobilityControlInfo from source eNB.

· Phase II: Time between UE successfully receiving RRCConnectionReconfiguration including mobilityControlInfo and before UE transmitting the first random access preamble to the target MeNB/SeNB. (NOTE: this phase includes the RRC processing delay for the RRCConnectionReconfiguration message.)
· Phase III: Time between transmission of the first random access preamble towards the target MeNB/SeNB, and successful reception of the RACH response message.
· Phase IV: After UE has successfully received the RACH response message from the network (NOTE: this phase also includes transmission of the RRCConnectionReconfigurationComplete message).
Note that the inter-MeNB handover allows SeNB change which is used as reference for the following table, and Step 7 and Step 9 of “Random Access Procedure” may be performed simultaneously. The Phase II/III/IV for the target MeNB and the target SeNB in Table 2 may not be the same period of time. The Tx/Rx of relevant physical channels in each phase are as follows:

Table 2: Summary of DL/UL transmission from/to a particular eNB in DC handover
	Scenario
	DL/UL Channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Legacy handover of DC
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	
	
	

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	
	
	

	
	Target MeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH / SRS

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH / PUCCH / PUSCH / SRS
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH / SRS


2.1.3 Scenario 3: Change of SeNB
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Figure 3: Change of SeNB [6]
According to the analysis given in [5], the change of SeNB also cause the service interruption. According to section “10.1.2.8.4
Change of SeNB” of 36.300 [6], the change of SeNB can be divided into the following phases:

· Phase I: Before UE successfully receives RRCConnectionReconfiguration including mobilityControlInfoSCG from MeNB.

· Phase II: Time between UE successfully receiving RRCConnectionReconfiguration including mobilityControlInfoSCG and before the UE transmitting the first random access preamble to the target SeNB. (NOTE: this phase includes the RRC processing delay for the RRCConnectionReconfiguration message.)
· Phase III: Time between transmission of the first random access preamble towards the target SeNB, and successful reception of the RACH response message.
· Phase IV: After UE has successfully received the RACH response message from the network.
Note that Step 7 of “Random Access Procedure” can be performed before Step 6 of transmitting RRCConnectionReconfigurationComplete message. The Tx/Rx of relevant physical channels in each phase are as follows:

Table 3: Summary of DL/UL transmission from/to a particular eNB in Change of SeNB
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Legacy change of SeNB
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	
	
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH / SRS


	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2.1.4 Scenario 4: handover of CA
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Figure 4: Current handover procedure of CA with data interruption
When changing a SCell to PCell, the handover procedure of CA can be divided into four phases as section 2.1.1 mentioned except for Phase II. 
· Phase II: After receiving RRCConnectionReconfiguration including mobilityControlInfo and before transmitting random access preamble to the target PCell (including the RRC Connection Reconfiguration related handling and security update etc. and excluding RF/baseband re-tuning). 
 The Tx/Rx of relevant physical channels in each phase is as follows:
Table 4: Summary of DL/UL transmission from/to a serving cell in CA
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Legacy handover for changing a SCell to PCell
	Cell1/

Source PCell
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	-
	-
	-

	
	Cell2/

Target PCell
	DL: PDCCH / PDSCH

UL: PUSCH
	--
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH / SRS


2.2 Scenarios and solutions 
2.2.1 General

For interruption analysis, companies can use the table below for reference [7].
Table 5: Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover

	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

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5


2.2.2 
2.2.2.1 
	
	

	
	


2.2.3 
2.2.3.1 
	
	

	
	


2.2.4 
2.2.4.1 
Option 1
The UE continues downlink and uplink with source eNB until the UE performs RACH to the target eNB. This requires the UE perform downlink synchronization and tuning towards the target eNB.
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Figure 5: Signaling flow for handover option 1
Table 6: Summary of DL/UL transmission from/to a particular eNB in option1
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Option 1
	Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	-
	-

	
	Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


The interruption time saving is 35ms (15ms (step 7) + 20ms (step 9.2)).

Limitation/ Requirement: Require simultaneous reception in phase II. 

In general, we think that SN status transfer and data forwarding can have different options independent of which solution we choose (or at least apply to options 1-4).

· Option a: immediately after sending RRC connection Reconfiguration message to the UE

· Option b: the source eNB estimates when the UE has access to the target eNB

· Option c: source eNB estimate when the UE receives RAR (this option may introduce additional interruption time because there is no data at the target eNB due to X2 latency)
This option can to DC: Yes

Option 2
Similar to option 1, however, the UE continues downlink and uplink with source eNB until the UE receives UL grant from target eNB. However, in this option, the source eNB has coordinated with target eNB and send a TDM pattern to the UE in which contains when the UE receive/transmit data to/from source eNB and when the UE should perform downlink synchronization and tuning towards the target eNB and when the UE should perform RACH and the RAR window. In this option, the UE does not required to have simultaneous access to both eNB at the same subframe.
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Figure 6: Signaling flow for handover option 2
Table 7: Summary of DL/UL transmission from/to a particular eNB in option2
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Option 2
	Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
(this is TDM with target eNB, so source eNB only perform UL and DL only when UE not sync with target and perform RACH with target)
	-

	
	Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


· Option2a: If the UE has simultaneous reception (source eNB: PDCCH/PDSCH and target eNB: PSS/SSS/CRS): 

· The interruption time saving is 35ms (15ms (step 7) + 20ms (step 9.2))

·  Limitation/ Requirement: Simultaneous reception is required

· Option2b: If the UE has no simultaneous reception: 
· The interruption time saving is 15ms (step 7) 
· Limitation/ Requirement: Since it is TDM, there is no simultaneous tx and rx requirement. Source eNB and target eNb will need to coordinate. 
· Option 2c: If the UE has simultaneous reception (source eNB: PDCCH/PDSCH and target eNB: PSS/SSS/CRS and PDCCH/PDSCH) and simultaneous transmission (source eNB: PUSCH/PUCCH/SRS and target eNB: PRACH): 

· The interruption time saving is 48.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+5ms(step 11)) 
· Limitation/ Requirement: Simultaneous reception and transmission is required
Note that the UE in Option 2c releases the connection to the source cell just before the subframe in which the UE transmits the RRCConnectionReconfigurationComplete message to the target cell. Then the interruption time saving for step 11 is 5ms instead of 6ms.
This option can to DC: Yes

Option 3
In this option, the UE continues downlink and uplink with source eNB until the UE performs RACH to target eNB. This requires the UE perform downlink synchronization and tuning towards the target eNB same as in option 1. In addition, the UE continue with source eNB in Phase III while performing RACH to target and monitor RAR window.
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Figure 7: Signaling flow for handover option 3
Table 8: Summary of DL/UL transmission from/to a particular eNB in option 3
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Option 3
	Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	-

	
	Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


The interruption time saving is 43.5 ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10))

Limitation/ Requirement and drawbacks: 
· This option requires simultaneous tx and rx in phase II and III. 

· In this option, some security issue (source eNB key and target eNB key) will also need to be resolved.

· The UE will need to have two protocol stacks (one for source eNB and one for target eNB). Additional coordination will be needed between source PDCP and target PDCP layers.
This option can to DC: Yes
2.2.5 Option 4

This is an option where we combine RACH-less and make before break. In this option, once the UE receives HO command in phase II, the UE continues downlink and uplink communication with the source eNB, the source eNB indicates when the UE should perform downlink synchronization and tuning towards the target eNB. In phase III, the UE does not perform RACH but rather uses the UL grant indicated from the source eNB within the HO command. The UE may choose to transmit to target in this UL grant or perform UL communication to source eNB (e.g., for HARQ retransmissions). Below shows an example of the UL grant schedule for the UE; when the UE is ready to send the RRC reconfiguration complete message, it can use the earliest UL grant shown in orange below.
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Figure 8: example of a per-scheduled UL grant for option 4
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Figure 9: Signaling flow for handover option 4
Table 9: Summary of DL/UL transmission from/to a particular eNB in option 4
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Option 4
	Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
(except when UE sync to target)
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
(except when the pre-scheduled grant)
	-

	
	Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


· Option4a: If the UE has simultaneous reception (source eNB: PDCCH/PDSCH and target eNB: PSS/SSS/CRS): 

· The interruption time saving is 43.5ms minus the time for pre-scheduled UL grant (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) – time_for_pre-scheduled_UL_grant)
· Limitation/ Requirement: Simultaneous reception is required for phase II

· Option4b: If the UE has no simultaneous reception: 

· The interruption time saving is 23.5ms minus the time for pre-scheduled UL grant (15ms (step 7) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) – time_for_pre-scheduled_UL_grant)

·  Limitation/ Requirement: There is no simultaneous transmission or reception required in any phases since it used TDM like schedule between source eNB and target eNB.

This option can to DC: Yes

2.2.6 Option 5
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Signaling flow for SeNB change:
1.
The MeNB initiates the change of SeNB by requesting the target SeNB to allocate resources for the UE by means of the SeNB Addition Preparation procedure. The SeNB Addition Request Message includes an indication to inform the target SeNB that this is a smooth change of SeNB.
2.
If the target SeNB is able to admit the resource request, it provides the new radio resource of the SCG together with S1 DL TNL address information for the respective E-RAB and security algorithm in the SeNB Addition Request Acknowledge message.

For each admitted SCG bearer, the target SeNB also provides the configuration of the split bearer together with X2 DL TNL address information.
3.
If the allocation of target SeNB resources was successful, the MeNB initiates the configuration change of the source SeNB by sending the SeNB Modification Request message, which may contain an indication for smooth change of SeNB. The MeNB also includes the X2 DL TNL address information carried by the SeNB Addition Request Acknowledge message in Step 2.
4.
The source SeNB responds with the SeNB Modification Request Acknowledge message, which may contain radio configuration information. The source SeNB also provides a UL GTP TEID to the MeNB.
5.
The MeNB sends the X2 Notification message to the target SeNB, which contain the UL GTP TEID received from the source SeNB in step 4.
6.
The MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration.
7.
The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message.
NOTE:
Transmission of DL user plane data may take place after step 7.
8/9.
The MeNB informs the source and the target SeNB that the UE has completed the reconfiguration procedure successfully.
10.
UE performs synchronisation to the target SeNB and accesses the target cell via RACH
11.
The target SeNB responds with UL allocation and timing advance.
NOTE: 
If the target SeNB already receives DL user plane data from the source SeNB via the X2 DL TNL address it provides to the source SeNB in step 2 and 3, it can start transmit the received DL data to the UE after step 11.
NOTE:
After successful access to the target cell, UL data already delivered to the PDCP layer of the split bearer will continue be transmitted via split bearer. Afterwards, UL data will be delivered to the PDCP layer of the SCG bearer.
12.
The MeNB sends an E-RAB Modification Request message to MME for path update.
13.
The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway.
14.
The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME.
NOTE:
The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB and then can release any U-plane/TNL resources towards the source eNB after step 13.
15.
The MME confirms the E-RAB Modification Request message with the E-RAB Modification Confirmation message.
16.
Upon reception of the end maker from the S-GW, the source SeNB sends the SN Status Transfer to the target SeNB.
17-22. Split bearer release procedure is triggered.
23.
The MeNB triggers the release of the resource of the source SeNB by sending the UE Context Release message.
Observations：
1.
The interruption due to handover or change of SeNB can be reduced to zero.
2.2.7 2.
The proposed solution also applies to scenario 1 (single connectivity handover) and scenario 2 (DC handover). 
	Phase
	Description
	DL/UL channel
	Layer 2 structure and data flow at the end of each phase

	
	
	Souse SeNB
	Target SeNB
	

	Phase 0
	UE transmits/receives with the source SeNB
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
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	Phase 1
	With step 1-5, For each admitted E-RAB, the target SeNB establishes the corresponding new SCG bearer and the T-SeNB part of the split bearer. For each admitted E-RAB, the source SeNB changes the old SCG bearer into a split bearer. The source SeNB starts to deliver the DL user plane data to the target SeNB via split bearer.
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	
	
[image: image16.emf]S-SeNB

RLC

PHY

MAC

PDCP

S1

T-SeNB

RLC

PHY

MAC

RLC

PDCP

UE

MAC

PDCP

RLC

PHY



	Phase 2
	Upon reception of the RRCConnectionReconfiguration message, For each admitted E-RAB, the UE establishes the corresponding new SCG bearer and re-configure the old one into a split bearer according to the radio configuration included in the received RRCConnectionReconfiguration message. 
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	DL: PSS/SSS/CRS
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	Phase 3
	Upon successful reception of RAR, the UE stops delivering the UL IP package to the PDCP layer of the split bearer, and begin to deliver the UL data to the new SCG bearer. On the Uu interface, the UE may start to transmit the UL data to the target SeNB via the split bearer or the new SCG bearer.
Upon successful reception of RAR, the target SeNB sends the DL PDCP data PDU received from the source SeNB to the UE via the split bearer.
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	DL: PDCCH/PDSCH
UL: PRACH
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	Phase 4
	The MeNB triggers the E-RAB DL GTP-U endpoint address modification upon reception of the RRCConnectionReconfigurationComplete message. The Serving Gateway begins to send the DL IP package to the target SeNB. The target SeNB may transmit the DL data received from the S1-U to the UE via the new SCG bearer immediately.
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
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	Phase 5
	For DL, the new SCG bearer begin to deliver the data to upper layer of the UE after the split bearer delivers all the data received from the source and the target SeNB via the split bearer to the upper layer.
For UL, the target SeNB begin to deliver the data to the S-GW after the source SeNB delivers all the data received from the UE via the split bearer (including UL data received directly from the UE and transferred by the target SeNB).
	
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
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	Phase 6
	The network triggers the release of the split bearer after the completion of data transmission on the split bearer
	
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
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2.2.8 Option 6: solution 2 with the indication from the UE [8, 9]
Excerpts from TR 36.881 [7]:

“When RACH is completed successfully at the target eNB, the source eNB should be made aware that it can stop transmissions to the UE. This indication can come from the UE or from the target eNB with the X2 option being more efficient due to better reliability.”
Option 6 is a solution 2 with the indication from the UE. This option can reduce data interruption during handover by not releasing the connection to the source eNB until handover is executed or completed at the UE. With this option, the time when the source eNB stops sending data to the UE and the time when the UE disconnects from the source cell can be synchronized. After receiving the handover command, the UE does not execute a handover immediately unlike in current specifications, but communicates with the source eNB before some pre-defined event. Also, the source eNB keeps sending data to the UE until that event. If the pre-defined event is triggered, then the UE sends a handover indication notifying the source eNB of an immediate handover execution or a handover completion. The source eNB can start data forwarding and send SN Status Transfer to the target eNB after receiving a handover indication from the UE.

In no simultaneous transmission/reception towards source/target eNB case, the pre-defined event can be the downlink synchronization (case 0). In simultaneous reception towards source (PDCCH/PDSCH) and target (PSS/SSS/CRS) case, the pre-defined event can be the first transmission of random access preamble to the target eNB (case I). In simultaneous transmission/reception towards source/target eNB (except for PUCCH/PUSCH) case, the pre-defined event can be the success of random access procedure in the target cell (case II). In simultaneous transmission/reception towards source/target eNB case, the pre-defined event can be after transmission of a handover complete to the target eNB (case III).
Even if the transmission of handover indication fails, the UE can execute a handover successfully to the target eNB. Then, the target eNB can request the source eNB to perform data forwarding, sending X2 handover indication. The source eNB can start data forwarding and send SN Status Transfer to the target eNB after receiving a handover indication from the target eNB.
2.2.8.1 Scenario 1: handover of SC (Single Connectivity)
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Figure 2.2.7-1: Option 6 - handover procedure of SC
Table 2.2.7-1: Summary of DL/UL transmission from/to a particular eNB in SC handover
	Scenario
	DL/UL channels
	Phase
	Interruption time

	
	
	Phase I
	Phase II
Step 7~9.2
	Phase III
Step 9.3~10
	Phase IV
Step 11
	

	Legacy handover of SC
	eNB1/

Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	-
	-
	-
	Step 7~11

(49.5ms)

	
	eNB2/

Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	Option 6 handover of SC
Case 0
	
	
	Step 7
	Step 9.1~9.2
	
	
	Step 9.2~11

(34.5ms)

	
	eNB1/

Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-
	-
	-
	

	
	eNB2/

Target eNB
	-
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	Option 6 handover of SC
Case I
	eNB1/

Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication) 
	-
	-
	Step 9.3~11

(14.5ms)

	
	eNB2/

Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	Option 6 handover of SC
Case II
	eNB1/

Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-
	Step 11

(6ms)

	
	eNB2/

Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	Option 6 handover of SC
Case III
	eNB1/

Source eNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-

(0ms)

	
	eNB2/

Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	


· The data forwarding: The source eNB can start data forwarding and send SN Status Transfer to the target eNB after receiving a handover indication from the UE.
· The interruption analysis:

· Legacy: 49.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) + 6ms (step 11))

· Case 0: 34.5ms (20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) + 6ms (step 11))

· Case I: 14.5ms (2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) + 6ms (step 11)) - optionally 2.5ms (step 9.3), with further optimization of considering PRACH occasion in the target cell

· Case II: 6ms (6ms (step 11))
· Case III: 0ms (-)

· UE/network behaviors
· Case 0: The UE should perform step 7 while continues TX/RX operation with the source eNB.

· Case I: The UE should perform step 9.2 while continues TX/RX operation with the source eNB.

· Case II: The UE should be capable of simultaneous RX or TDM-based RX operation with the source eNB and the target eNB.

· Case III: The UE should be capable of simultaneous TX/RX operation with the source eNB and the target eNB.

2.2.8.2 Scenario 2: handover of DC (Dual Connectivity)
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Figure 2.2.7-2: Option 6 - handover procedure of DC
Table 2.2.7-2: Summary of DL/UL transmission from/to a particular eNB in DC handover
	Scenario
	DL/UL Channels
	Phase
	Interruption Time

	
	
	Phase I
	Phase II
	Phase III
	Phase IV
	

	Legacy handover of DC
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	-
	-
	-
	Step 7~11

(49.5ms)

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	-
	-
	-
	

	
	Target MeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	Option 6  handover of DC
Case 0/I
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-
	-
	Step 9.3~11

(14.5ms)

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-
	-
	

	
	Target MeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	Option 6  handover of DC
Case II
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-
	Step 11

(6ms)

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-
	

	
	Target MeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	Option 6 handover of DC
Case III
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	-

(0ms)

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(HO Indication)
	

	
	Target MeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	


· The data forwarding: The source eNB can start data forwarding and send SN Status Transfer to the target eNB after receiving a handover indication from the UE.
· The interruption analysis:

· Legacy: 49.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) + 6ms (step 11))

· Case 0: 34.5ms (20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) + 6ms (step 11))

· Case I: 14.5ms (2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10) + 6ms (step 11)) - optionally 2.5ms (step 9.3), with further optimization of considering PRACH occasion in the target cell

· Case II: 6ms (6ms (step 11))
· Case III: 0ms (-)

· UE/network behaviors
· Case 0: The UE should perform step 7 while continues TX/RX operation with the source eNB.

· Case I: The UE should perform step 9.2 while continues TX/RX operation with the source eNB.

· Case II: The UE should be capable of simultaneous RX or TDM-based RX operation with the source eNB and the target eNB.

· Case III: The UE should be capable of simultaneous TX/RX operation with the source eNB and the target eNB.
2.2.8.3 Scenario 3: Change of SeNB
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Figure 2.2.7-3: Option 6 - Change of SeNB
Table 2.2.7-3: Summary of DL/UL transmission from/to a particular eNB in Change of SeNB
	Scenario
	DL/UL channels
	Phase
	Interruption Time

(SCG bearer)

	
	
	Phase I
	Phase II
	Phase III
	

	Legacy Change of SeNB
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	Step 7~10

(43.5ms)

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	-
	-
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH / PUCCH / PUSCH
	

	Option 6  Change of SeNB
Case 0/I
	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	Step 9.3~10

(8.5ms)

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(SeNB change Indication)
	-
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH / PUCCH / PUSCH
	

	Option 6  Change of SeNB
Case II/III

	Source MeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	-

(0ms)

	
	Source SeNB
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

(SeNB change Indication)
	

	
	Target SeNB
	
	DL: PSS/SSS/CRS
	DL: PDCCH / PDSCH
UL: PRACH / PUCCH / PUSCH
	


· The data forwarding: The source eNB can start data forwarding and send SN Status Transfer to the target eNB after receiving a SeNB change indication. Note: The MeNB can send a SeNB change indication to the source SeNB after receiving of RRCConnectionReconfigurationComplete from the UE or the UE may send a SeNB change indication to the source SeNB directly.

· The interruption analysis:

· Legacy: 43.5ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10))

· Case 0: 28.5ms (20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10))

· Case I: 8.5ms (2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)) - optionally 2.5ms (step 9.3), with further optimization of considering PRACH occasion in the target cell

· Case II: 0ms (-)

· Case III: 0ms (-)

· UE/network behaviors
· Case 0: The UE should perform step 7 while continues TX/RX operation with the source eNB.

· Case I: The UE should perform step 9.2 while continues TX/RX operation with the source eNB.

· Case II: The UE should be capable of simultaneous RX or TDM-based RX operation with the source eNB and the target eNB.

· Case III: The UE should be capable of simultaneous TX/RX operation with the source eNB and the target eNB.
2.2.9 Option 7

As analyzed in [2], there also exists service interruption in the solutions referred in [1] and [4] due to the transmission of SN Status Transfer procedure and data forwarding. This means only enhancement in the air interface has no gain or limited gain on reducing service interruption without considering enhancement in network side. The service interruption in mobility events may be reduced to “zero” if there is no restriction that the source connection is always released at the time of RACH success but allow simultaneous data transmission in source and target sides during and even after handover. That is to say simultaneous Tx/Rx with source eNB and target eNB until the source cell is not available (e.g. based on measurement report).
The handover of SC can be divided into the following phases as illustrated in Figure 2.2.8-1:

· Phase I: Before receiving RRCConnectionReconfiguration including mobilityControlInfo.

· Phase II: After receiving RRCConnectionReconfiguration including mobilityControlInfo and before transmitting random access preamble.

· Phase III: From the first transmission of random access preamble and before transmitting RRCConnectionReconfigurationComplete.

· Phase IV: After transmitting RRCConnectionReconfigurationComplete and before releasing eNB1.
· Phase V: After releasing eNB1.
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Figure 2.2.8-1: Enhanced HO procedure of SC

The Tx/Rx of relevant physical channels in each phase is as follows:

Table 2.2.8-1: Summary of DL/UL transmission from/to a particular eNB in enhanced SC handover
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV
	Phase V

	Enhanced mobility 
	eNB1/

Source eNB
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH 
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	-

	
	eNB2/

Target eNB
	-
	DL: PSS/SSS/CRS
	DL:PDCCH/ PDSCH
UL: Preamble
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH
	DL:PDCCH/ PDSCH
UL:PUCCH/ PUSCH


The impact to data transmission due to mobility can be decreased to minimum degree if the L2 entities are not reset/re-established including:

· MAC is not reset;
· RLC is not re-established;
· PDCP is not re-established and key is not refreshed;

· L1 reconfiguration may not be needed which depends on network configuration;
The interruption time saving is 49.5 ms (15ms (step 7) + 20ms (step 9.2) + 2.5ms (step 9.3) + 1ms (step 9.4) + 5ms (step 10)+6ms(step 11)).

Requirement:

· Simultaneous Tx and Rx in phase II, III and IV. 
The details of the option:
Simultaneous data transmission for intra-eNB Handover
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Figure 2.2.8-2: Enhanced intra-eNB HO 
Case1: target PCell is the serving cell 

If the target PCell is the serving cell of the Source eNB, the Source eNB sends the HO command which includes the Pcell change indicator to the UE. Upon receiving the HO command, the L2 entities are not reset/re-established and the security key is not refreshed. What’s more, no RACH is needed in this case. Optionally measurement object is swapped and new PUCCH configuration is used in the target PCell.

Case2: target PCell is a non-serving cell

If the target PCell is a non-serving cell, the UE shall add the target PCell as the serving SCell before or upon receiving the HO command which includes the PCell change indicator. In this case, RACH is not necessary. There exists no service interruption as the source PCell keeps continuous data transmission during the SCell addition procedure. The source cell is released based on measurement report. The protocol stack is illustrated as following: 
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Figure 2.2.8-3: protocol stack
Figure 2.2.8-3 illustrates the aggregation in PDCP reordering layer, as it mentioned above, before or upon handover, the target cell is configured as a serving cell with separate PHY, MAC, RLC and PDCP (except PDCP reordering). Simultaneous data transmission in both source cell and target cell is allowed by common PDCP reordering layer. The UE has two keys for the source cell and the target cell separately, thus it can use the corresponding key for ciphering and integrity protection in the certain cell. 

Simultaneous data transmission for inter-eNB Handover
The Target eNB is configured as the serving eNB before or during the handover preparation phase while the Source eNB is the anchor, then the Target eNB is changed to be the anchor during the handover procedure, so the simultaneous data transmission in the Source eNB and Target eNB during and after handover is worked similarly as dual connectivity. The Source eNB could keep data transmission from/to the UE until there is no buffered data at all at the Source eNB side. 
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Figure 2.2.8-4: simultaneous data transmission for inter-eNB handover
As illustrated in Figure 2.2.8-4, the target eNB sends the success indicator towards the source eNB after receiving the RRC Connection Reconfiguration Complete message as well as sends the Path Switch Request message to the MME. Compared with the existing handover procedure, the SN Status Transfer procedure and data forwarding shall be performed after the source eNB receives the success indicator. The source eNB may not stop transmission to the UE until the source cell is not available.

If the simultaneous data transmission in the Source eNB and Target eNB is for the same bearer, the protocol stack at UE side is same with the protocol stack of intra-eNB handover (Figure 2.2.8-5).
The protocol stack at network side is showed below, both the source eNB and the target eNB have its own PDCP sublayer for ciphering and integrity protection, thus the data shall be handled by the source eNB or the target eNB with the corresponding key and algorithm.
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Figure 2.2.8-5: protocol stack at network side
This option also can be applied to DC and CA.
2.2.10 Option 8: PCell change without handover
Handover to a serving cell of the source eNB (CA)

In CA deployment scenario#2, #3, #4 and #5 [Annex J.1, TS 36.300], PCell and SCell have different coverage, and then it is much possible for a UE to handover from PCell to a serving SCell. Even in case of normal intra-eNB handover, the eNB can add the target cell as a serving SCell for a CA-capable UE before handover.
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Figure 2.2.9-1: PCell change without handover

In this case, the UE already has the available TA to the target cell. It is unnecessary that the UE initiates the RACH procedure to the target cell, so phase II and III may be ignored as listed in the following table 2.

The Tx/Rx of relevant physical channels in each phase is as follows:

Table 2: Summary of DL/UL transmission from/to a serving cell in Pcell change without handover

	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase IV

	PCell change without handover
	Cell1/

Source PCell
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH 
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH

	
	Cell2/

Target PCell
	DL: PDCCH / PDSCH

UL: PUSCH
	DL: PDCCH / PDSCH
UL: PUCCH / PUSCH


Handover to a target eNB (CA)
The solution to support simultaneous data transmission for inter-eNB handover in CA scenario is similar with the case for inter-eNB handover in Option 7.
Company views
	Company name
	Comments

	
	


3 Email discussion result
3.1 Summary
During the email discussion, 8 options in which some sub-solutions are also included were proposed for the mobility scenarios including change of SeNB, handover of CA/SC/DC. 7 companies expressed their views for the down-selection of candidate options. 2 companies consider that Category D should be prioritized. 2 companies consider that more discussion are required for the potential prioritization of candidate options. 6 companies consider that the candidate options should be categorized in terms of the UE capability of simultaneous Rx/Tx, and the categorization can be used for the down-selection.
3.2 Recommendations
To provide a guidance for the solution down-selection, the following recommendations which need further discussion and confirmation in RAN2 are provided as follows:
Recommendation 1: The candidate options are categorized as follows:
· Category A (No simultaneous Rx/Tx from another intra-frequency cell): Option 2b/4b/6(Case 0)

· Category B (No simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell): Option 1/2a/4a/Option 6(Case 1)

· Category C (Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 2c/6(Case 2)

· Category D (Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell): Option 3/5/7/8/6(case 3)
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