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1. Introduction

In RAN2 discussion for LTE_feMob WI, it was agreed to specify conditional handover solution for mobility robustness enhancement, and to specify the non-split bearer solution for interruption time reduction [1]. The support of simultaneous Rx/Tx with source cell and target cell could help enable the non-split bearer solution, especially the non-split dual active protocol stack solution.
In RAN4 #90 meeting, the reply LS on the feasibility of simultaneous Rx/Tx between source and target cells is approved in [2]. In the LS, RAN4 concluded that simultaneous Rx/Tx between source and target cells is feasible in some scenarios.
In this contribution, we discuss the handover delay requirements for conditional handover and non-split dual active protocol stack solutions.

2. Discussion
2.1
Handover delay for conditional handover solution
1) Definition of handover delay
In sub-clause 5.1.2.1.1 of TS 36.133, handover delay is defined as follows:

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 when UE is configured with normal or make-before-break handover.
When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH channel within Dhandover seconds from the end of the last TTI containing the RRC command when UE is configured with RACH-less or combination of RACH-less and make-before-break handover.
For conditional handover, the definition of handover delay for normal handover can be reused, i. e., define the handover delay as “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.”
For Dhandover, as discussed in [3] in the previous meeting, it can be defined as:

Dhandover= Maximum RRC procedure delay+ Tuncertainty+Tinterrupt
where Tuncertainty is the time between end of the last TTI containing the RRC command on the old PDSCH and the time conditional handover is executed. In RAN2 #105bis meeting, the following agreement was reached [4]. It can be seen that Tuncertainty is highly related to the test setup design, i.e., the time when handover condition is satisfied. So we may not define the exact value for Tuncertainty in the core requirement.
RAN2 #105bis Agreements

1  Existing Ax measurement events can be used for executing CHO. FFS which Ax events can be used.

2  Conventional handover overrides any configured conditional handover command

3  The network can inform the UE to release CHO configurations (e.g. candidate cells) by RRC signaling.

Proposal 1: For conditional handover solution, define the handover delay as follows: 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= Maximum RRC procedure delay + Tuncertainty+Tinterrupt.
where Tuncertainty is the time between end of the last TTI containing the RRC command on the old PDSCH and the time conditional handover is executed. The exact value for Tuncertainty does not need to be defined in the core requirement.
2) Interruption time requirement

Based on the discussion above, the interruption time for conditional handover can be defined as the time between the time conditional handover is executed and the time the UE starts transmission of the new PRACH. In conditional handover, the target cell is known to the UE, so Tsearch = 0 ms and 
Tinterrupt = TIU + 20 ms
Proposal 2: For conditional handover solution, the interruption time is defined as the time between the time conditional handover is executed and the time the UE starts transmission of the new PRACH.
Tinterrupt = TIU + 20 ms.
2.2
Handover delay for non-split dual active protocol stack solution
1) Definition of handover delay
The non-split dual active protocol stack solution is based on simultaneous Rx/Tx to the source and target cells, and UE could maintain the communication with the source cell after it starts Rx/Tx to the target cell, e.g., when UE conducts cell search, time/frequency synchronization, and random access to the target cell. As seen, the communication with the source cell is kept between the time UE starts PRACH transmission and the time UE starts PUSCH transmission to the target cell.
Therefore, for non-split dual active protocol stack solution, it is proposed to define the handover delay as “When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PUSCH channel within Dhandover seconds from the end of the last TTI containing the RRC command.”
Observation 1: For non-split dual active protocol stack solution, the communication with the source cell is kept between the time UE starts PRACH transmission and the time UE starts PUSCH transmission to the target cell.
Proposal 3: For non-split dual active protocol stack solution, define the handover delay as follows: When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PUSCH channel within Dhandover seconds from the end of the last TTI containing the RRC command.
2) Interruption time requirement
As for the exact interruption time for non-split dual active protocol stack solution, different scenarios need to be considered:
a) Intra-frequency synchronous scenario:

· When the bandwidth of the source cell is not smaller than that of the target cell and the physical resource for the transmission to source/target cells is in the same TTI, the interruption time is 0ms.
· When the bandwidth of the source cell is not smaller than that of the target cell and the physical resource for the transmission to source/target cells is in the adjacent TTI, the interruption time is 1ms.

· When the bandwidth of the source cell is smaller than that of the target cell, some additional interruption time (e.g., 5ms) is needed for reconfiguring RF bandwidth.

b) Inter-frequency synchronous scenario: the interruption time is 0ms.
Additionally, we agree with the analysis in [5] that mobility interruption and service interruption should be differentiated. The mobility interruption does not imply service interruption.
Proposal 4: For non-split dual active protocol stack solution, the interruption time can be defined as:
a) Intra-frequency synchronous scenario:

· When the bandwidth of the source cell is not smaller than that of the target cell and the physical resource for the transmission to source/target cells is in the same TTI, the interruption time is 0ms.

· When the bandwidth of the source cell is not smaller than that of the target cell and the physical resource for the transmission to source/target cells is in the adjacent TTI, the interruption time is 1ms.

· When the bandwidth of the source cell is smaller than that of the target cell: some additional interruption time (e.g., 5ms) is needed for reconfiguring RF bandwidth.

b) Inter-frequency synchronous scenario, the interruption time is 0ms.

3. Conclusion
This contribution discussed the handover delay requirements for LTE_feMob, and the following proposals were given for conditional handover solution:

Proposal 1: For conditional handover solution, define the handover delay as follows: 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= Maximum RRC procedure delay + Tuncertainty+Tinterrupt.
where Tuncertainty is the time between end of the last TTI containing the RRC command on the old PDSCH and the time conditional handover is executed. The exact value for Tuncertainty does not need to be defined in the core requirement.
Proposal 2: For conditional handover solution, the interruption time is defined as the time between the time conditional handover is executed and the time the UE starts transmission of the new PRACH.
Tinterrupt = TIU + 20 ms.
The following observation and proposals were given for non-split dual active protocol stack solution:
Observation 1: For non-split dual active protocol stack solution, the communication with the source cell is kept between the time UE starts PRACH transmission and the time UE starts PUSCH transmission to the target cell.
Proposal 3: For non-split dual active protocol stack solution, define the handover delay as follows: When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PUSCH channel within Dhandover seconds from the end of the last TTI containing the RRC command.
Proposal 4: For non-split dual active protocol stack solution, the interruption time can be defined as:
c) Intra-frequency synchronous scenario:

· When the bandwidth of the source cell is not smaller than that of the target cell and the physical resource for the transmission to source/target cells is in the same TTI, the interruption time is 0ms.

· When the bandwidth of the source cell is not smaller than that of the target cell and the physical resource for the transmission to source/target cells is in the adjacent TTI, the interruption time is 1ms.

· When the bandwidth of the source cell is smaller than that of the target cell: some additional interruption time (e.g., 5ms) is needed for reconfiguring RF bandwidth.

d) Inter-frequency synchronous scenario, the interruption time is 0ms.
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