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1. Introduction
In last RAN4 meeting one way forward on further mobility enhancement [1], and the progress in RAN4 was summarized as below.

	· Introduce new intra-frequency and inter-frequency handover delay requirements for RACH-less solution
· Introduce new intra-frequency handover delay requirements for make-before-break solution
· FFS inter-frequency  per RAN2 conclusion
· Introduce new intra-frequency handover delay requirements for combination of RACH-less and make-before-break solution
· FFS inter-frequency  per RAN2 conclusion

· Introduce initial transmission timing error requirements for RACH-less solution.


In this contributions, the further analysis of interruption during HO for further mobility enhancement is provided based on the last meeting progress.
2. Discussion on interruption during HO
 HO for RACH–less only solution

The agreement till last meeting is captured in [1], which is duplicated as below,
	· Intra-frequency and Inter-frequency handover requirements for RACH-less solution
· Handover delay
· When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH, PUCCH or SRS channel within Dhandover seconds from the end of the last TTI containing the RRC command if UE capable of RACH-less handover.
· Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the interruption time 
· Interruption time
· Tinterrupt = Tsearch + TIU + 20 ms
· Option 1: TIU = 0 ms
· Option 2: 
· TIU = [10] ms if UL grant is included in RRC message
· FFS TIU if  UL grant is not included in RRC message 
· Other options are not precluded


The TIU in legacy LTE is defined as: the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. However, now the RACH is not needed in the target cell, so this TIU shall be relevant with interruption uncertainty in acquiring the first available PUSCH, PUCCH or SRS occasion. The UL grant related signalling was defined in RAN2 running CR as below,
	UL-ConfigInfo-r14 ::=



SEQUENCE {


ul-SchedInterval-r14



ENUMERATED {sf1, sf2, sf5, sf10},

ul-StartSubframe-r14



INTEGER (0..9),


ul-Grant-r14





BIT STRING (SIZE (16))
}


The definitions for each signalling item are:

	ul-Grant
indicates the resources of the target PCell/PSCell to be used for the uplink transmission of PUSCH (see subclause 8.x of [23]).

	ul-SchedInterval
Indicates the scheduling interval in uplink, see TS 36.321 [6]. Value in number of sub-frames. Value sf1 corresponds to 1 sub-frame, sf2 corresponds to 2 sub-frames and so on.

	ul-SubframeStart
Indicates the subframe in which the UE may initiate the uplink transmission, see TS 36.321 [6]. Value 0 corresponds to subframe number 0, 1 correponds to subframe number 1 and so on. The subframe indicating a valid uplink grant according to the calculation of UL grant configured by ul-SubframeStart and ul-SchedInterval, see TS 36.321 [6], shall be the same across all radio frames. 


Hence, if UE has got the UL grant from the source eNB and the longest interval of scheduling (10ms) was considered for the minimum requirement, the uncertainty for TIU could be 10ms. However, if the UL grant is not included in RRC message from source eNB, then UE should monitor the PDCCH of target eNB for getting UL grant, which will introduce additional time for getting UL grant. Moreover, in this case, since UE need to monitor PDCCH for UL grant, UE have to read MIB first for the target cell (it’s the worst case that source eNB didn’t include neighbour cell system BW in HO command), and therefore the TIU could be comprised of three parts: UL shceduling interval, waiting-time for PDCCH with UL grant, and time for reading MIB of target cell. The first two parts are not relevant to the UE capability. So the requirement for interruption time can be defined as,
· Tinterrupt = Tsearch + TIU + 20 ms, 
· TIU = [10] ms if UL grant is included in RRC message from source eNB. 
· TIU = TMIB+TUL-GRANT+TSCHEDULING-INTERVAL ms if UL grant is not included in RRC message from source eNB, TUL-GRANT is the time delay of UL grant from target eNB. TSCHEDULING-INTERVAL is the UL scheduling interval.
TMIB is the time to read MIB for target cell, based on the previous simulation for CGI reading, we recognized that 3 samples are enough to decode a MIB successfully, and with consideration of reception uncertainty, we propose to use [50]ms here for TMIB if the target cell is unknown. If the target cell is known, then TMIB = 0 ms. The numeric value of TUL-GRANT and TSCHEDULING-INTERVAL shall be set in test cases (if needed) for verification but no value for TUL-GRANT and TSCHEDULING-INTERVAL shall be set in the core requirement since it’s up to network implementation.
Proposal 1: the interruption time during HO for RACH-less only case is as below, and the numeric value of TUL-GRANT and TSCHEDULING-INTERVAL shall be only set according to the UL-grant transmission configuration of target eNB in test cases for verification.

·  Tinterrupt = Tsearch + TIU + 20 ms, 

· TIU = [10] ms if UL grant is included in RRC message from source eNB. 

· TIU = TMIB+TUL-GRANT+TSCHEDULING-INTERVAL ms if UL grant is not included in RRC message from source eNB. TUL-GRANT is the time delay of UL grant from target eNB. TSCHEDULING-INTERVAL is the UL scheduling interval. If the target cell is known, then TMIB = 0 ms, otherwise TMIB = [50] ms.
HO for make-before-break only solution

The agreement till last meeting is captured in [1], which is duplicated as below,

	· Intra-frequency handover requirements for make-before-break solution
· Handover delay
· When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.
· Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the handover processing time (equivalent to Tinterrupt as in legacy handover procedure)
· Interruption time
· FFS. Taking handover cases with BW change and without BW change into consideration
· Note: the requirements for interruption time could be general for the handover cases with or without BW change.


The definition of interruption during HO in current TS36.133 is: the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. However in make-before-break solution UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB. In last meeting the BW change was rose as well, and in order to change BW for target cell the RF chain might be adjusted to cover different BW for the target cell. In addition to the RF chain adjusting, we shall also consider the AGC adjusting if the BW is changed. With all of these factors for BW change, the interruption time could be up to 5ms. We prefer to define a general requirements for both BW-changed and BW-unchanged case.  Thus, proposal for make-before-break only solution is as below,
Proposal 2: the interruption time during HO for make-before-break only case is up to 5ms, which can be apply for both BW-changed and BW-unchanged case.

HO for RACH-less + make-before-break solution

The agreement till last meeting is captured in [1], which is duplicated as below,

	· Intra-frequency handover requirements for combination of RACH-less and make-before-break solution
· Handover delay
· When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PUSCH, PUCCH or SRS channel within Dhandover seconds from the end of the last TTI containing the RRC command.
· Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the handover processing time (equivalent to Tinterrupt as in legacy handover procedure)
· Interruption time
· FFS. Taking handover cases with BW change and without BW change into consideration
· Note: the requirements for interruption time could be general for the handover cases with or without BW change.


Since it’s a solution with RACH–less and make-before-break, UE will keep connecting with source eNB until it transmit PUSCH, PUCCH or SRS on the target eNB. If UE don’t have UL grant in the RRC message from source eNB, it will monitor for the PDCCH in the target cell but still keeping connecting with source eNB. In this case, the only interruption during the HO is similar as make-before-break solution, which is up to 5ms due to the BW change.
Proposal 3: the interruption time during HO for combination of RACH-less and make-before-break solution is up to 5ms, which can be apply for both BW-changed and BW-unchanged case.
3. Issues on UE procedure for make-before-break solution
In RAN2 previous meeting, the agreement on definition of make-before-break solution is as below,

	Solution 2:

· The “make before break handover solution” means the UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB.

· The solution is applicable for intra frequency handover and SCG change. Inter frequency case is FFS.

· Consider RACH-less solution and "maintaining a connection to the source eNB" as two independent mechanisms, activation of which is up to the network decision. Two solutions can be activated simultaneously.


The“make before break handover solution” means the UE continues downlink and uplink with the source cell until the UE performs the first transmission (PUSCH or PRACH) to target eNB. However, based on the handover and interruption  analysis in section 2, for intra-frequency BW-change case, it will introduce interruption (up to 5ms) before UE start the uplink tranmssion to the target eNB, since the RF chain might be adjusted for different BW of the target eNB. This interruption will disconnect UE from the source eNB for a while, and that is, UE cannot always continues downlink and uplink with the source cell until the UE performs the first transmission. Actually UE is only able to keep downlink and uplink with the source cell until UE performs the RF chain adjustment before the first transmission to the target eNB.

Since this is a basic definition for the make-before-break solution and it will potentially impact the other work in RAN2, we would like to inform RAN2 this potential issue via a LS in this meeting.

Proposal 4: send LS to RAN2 to indicate that the connection between UE and source eNB might be interrupted by the UE RF chain adjustment before the first transmission to target eNB in make-before-break solution.
4. Conclusions

In this contributions, the further analysis of interruption during HO for further mobility enhancement is provided based on the last meeting progress.

Proposal 1: the interruption time during HO for RACH-less only case is as below, and the numeric value of TUL-GRANT and TSCHEDULING-INTERVAL shall be only set according to the UL-grant transmission configuration of target eNB in test cases for verification.

·  Tinterrupt = Tsearch + TIU + 20 ms, 

· TIU = [10] ms if UL grant is included in RRC message from source eNB. 

· TIU= TMIB+TUL-GRANT+TSCHEDULING-INTERVAL ms if UL grant is not included in RRC message from source eNB. TUL-GRANT is the time delay of UL grant from target eNB. TSCHEDULING-INTERVAL is the UL scheduling interval. If the target cell is known, then TMIB = 0 ms, otherwise TMIB = [50] ms.
Proposal 2: the interruption time during HO for make-before-break only case is up to 5ms, which can be apply for both BW-changed and BW-unchanged case.

Proposal 3: the interruption time during HO for combination of RACH-less and make-before-break solution is up to 5ms, which can be apply for both BW-changed and BW-unchanged case.

Proposal 4: send LS to RAN2 to indicate that the connection between UE and source eNB might be interrupted by the UE RF chain adjustment before the first transmission to target eNB in make-before-break solution.
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