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1. Introduction

In RAN2, it was agreed to specify conditional handover solution for mobility robustness enhancement [1], and to specify the non-split dual active protocol stack solution for interruption time reduction [2].
In RAN4 #91 and RAN4 #92 meeting, some initial agreements on handover delay requirements for LTE feMob were captured in [3] and [4] respectively.
In this contribution, we further discuss the handover delay requirements for LTE_feMob.

2. Discussion
2.1
Conditional handover solution
In RAN4 #92 meeting, the following agreements were reached for LTE conditional handover:
· Interpretation of “handover condition is met”
· Companies should analyse solution for decision in RAN4#92bis considering among other (see next page):
· CHO RRC configuration
· CHO condition fulfilled (before UE realizes)
· UE realizes CHO condition is fulfilled
· Etc.
There was extensive discussion on the second and third options, and the difference between the two options is whether to include Ttrigger. Our preference is the third option (UE realizes CHO condition is fulfilled), and the main reasons are as follows:
1) During the time of Ttrigger, UE performs normal communication with the source cell, and UE can receive RRC message such as conventional HO command and modification of the existing CHO configuration from the source cell, thus it is obvious that Ttrigger does not belong to handover delay. 
2) During the time of Ttrigger, UE measurement behavior is the same as the legacy L3 measurement, so no need to be rechecked in handover delay test. 
3) The inclusion of Ttrigger significantly pre-longs the handover delay, as pointed out in [6].
4) For the second option, there exists one case that channel condition is met comes before network configure a CHO command, as pointed out in [7]. This case does not exist for the third option.
5) For the third option, in our view, UE does not need to send a message to inform the network or test system that handover is started, by appropriate test setup design. 
Proposal 1: Use the third option for the interpretation of “handover condition is met”, i.e., the time when UE realizes CHO condition is fulfilled.
In RAN2 #106 Reno meeting, it was agreed A3/A5-like CHO execution condition shall be specified. So the target cell is known to the UE, and Tsearch = 0ms. In RAN2 #107 meeting, no new measurement events were introduced. So we propose to define Tsearch = 0ms based on current RAN2 agreement, and recheck the value if other Ax measurement events are introduced in the future.
Proposal 2: Define Tsearch = 0ms based on current RAN2 agreement, and recheck the value if other Ax measurement events are introduced in the future.

2.2
Non-split dual active protocol stack solution
In RAN4 #91 meeting, the following agreement is reached for non-split dual active protocol stack solution:
· The handover delay is defined as when the UE receives a RRC message from source cell implying handover the UE shall be ready to start the transmission of the new uplink PUSCH channel on the target cell within Dhandover seconds from the end of the last TTI containing the RRC command.

· The interruption requirement numbers will be discussed in the next meeting.

In RAN4 #92 meeting, the following agreement is reached:
· eMBB LTE handover delay definition:

· The legacy handover delay definition may not be suitable for simultaneous connectivity handover.

· The starting point of handover delay is defined as the time when UE receives RRC indicating handover. The ending point of handover delay is FFS.

· RAN4 needs to discuss if delay and interruption requirement is needed for source cell release.

· Company input concerning each delay and interruption requirement 

In RAN2 #107 meeting, the following agreement is reached [8]:

Agreements 

    ……
2
single UL new PUSCH data transmission as baseline and UE switches UL data transmission (new and unacknowledged PDCP SDUs) to target gNB upon reception of the first UL grant for data transmission from the target gNB after RA procedure towards the target gNB is successfully completed.
3 As described in single UL new data transmission solution: For the DL data transmission, the UE continues to provide HARQ ACK/NACK, other CSI kind of feedback, ARQ ACK/NACK to the source eNB before release of the source cell connection.
FFS whether UL HARQ retransmissions continue
FFS whether RoHC feedback is needed

    ……
Agreements

1 UE shall be able to send UL PUSCH user plane data to source eNB until the point when the message including RRC Connection Reconfiguration Complete has been successfully transmitted to target eNB.

    ……
So, based on the latest RAN2 agreement, the ending point of handover delay can be defined as the time the UE starts new PUSCH data transmission.
Proposal 3: Define the ending point of handover delay as the time the UE starts new PUSCH data transmission.

For the exact interruption time, in the last RAN4 meeting, the contribution in [9] proposed to define requirements for UE’s that use UL TDM for simultaneous UL connectivity pending further progress in other RAN working groups. Meanwhile, in the last RAN2 meeting, there was no agreement on UL TDM for simultaneous UL connectivity. So, we propose to first discuss the RAN4 requirements based on the existing RAN2 agreement, and we can start discussion with some “simple” scenarios including intra/inter-frequency synchronous scenarios. For these scenarios, our proposed interruption time is:

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 [0-1] ms.
In intra-frequency synchronous scenario, when uplink transmission PRBs between source/target cells is FDMed and not contiguous, the feasibility issue from RF requirement perspective was raised in RAN4 #91 meeting. Actually, in section 6.2.3 of TS 36.101, the MPR for non-contiguous resource allocation in single component carrier has already been defined, and no new RF requirements are needed for uplink transmission with non-contiguous PRBs.
Another issue raised in the last meeting was whether 0ms or 1ms interruption applies for the inter-band synchronous scenario. Some companies thought 1ms is needed, since the communication with source cell might also be impacted when retuning the RF chain for the second carrier / target cell. Whether this 1ms is needed depends on UE implementation, i.e., whether some components are shared between the two carriers. Therefore, the interruption time for inter-frequency synchronous scenario can be [0-1] ms.
To summarize the above discussion,

Observation 1: In intra-frequency synchronous scenario, based on the existing RF requirement, it is allowed to allocate non-contiguous PRBs for uplink transmission to source and target cells.
Observation 2: In inter-frequency synchronous scenario, interruption time can be 0ms or 1ms depending on UE implementation.
Proposal 4: 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 [0-1] ms.

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

Proposal 1: Use the third option for the interpretation of “handover condition is met”, i.e., the time when UE realizes CHO condition is fulfilled.
Proposal 2: Define Tsearch = 0ms based on current RAN2 agreement, and recheck the value if other Ax measurement events are introduced in the future.

The following observations and proposals were given for non-split dual active protocol stack solution:

Proposal 3: Define the ending point of handover delay as the time the UE starts new PUSCH data transmission.

Observation 1: In intra-frequency synchronous scenario, based on the existing RF requirement, it is allowed to allocate non-contiguous PRBs for uplink transmission to source and target cells.
Observation 2: In inter-frequency synchronous scenario, interruption time can be 0ms or 1ms depending on UE implementation.
Proposal 4: 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 [0-1] ms.
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