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1   Introduction
In last RAN2 meeting, there is an agreement to consider two kinds of interruption time handover (i.e., close to 0ms interruption and 0ms).
We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO

This paper intends to discuss the candidate mechanisms to achieve close to 0ms handover interruption for single TX/RX UE without simultaneous TX/RX with source cell and target cell during HO. 
2   Discussion

For single Tx/Rx, the legacy handover process is illustrated in Figure1:
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Figure1 Legacy handover procedure [TS36.300]
Based on the current steps of handover procedure, the interruption analysis can be found in table1[1].
Table1 
	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


During the work for LTE mobility enhancement WI, some potential solutions have been discussed by RAN2 to reduce the HO interruption time. In this discussion paper we have presented a general overview of potential solutions for close to 0ms HO interruption time for single Tx/Rx. 
2.1   RACH-less Handover 

A RACH attempt procedure during handovers typically takes 10 ms, which can be eliminated to significantly reduce the interruption time during handover. In LTE mobility enhancement discussion, the solution of RACH-less handover has been discussed [2]. 
One option of RACH less handover is that at a mutually agreed time (e.g. SFN), the UE switches from source cell to target cell without requiring random access procedure. The transmission is continued in the source cell until the agreed time (e.g. SFN). At the exact time, the UE switches from source cell to target cell. The target cell can allocate UL grant to the UE when it expects the UE to be available for scheduling (e.g., based on the agreed time instance or sometime later after the handover preparation procedure). In addition, UL grant pre-allocation can be performed with the scheduling information included in the handover command message. This option is workable mainly in a synchronous network. 
Another option is that the UE follows the legacy handover procedure without RACH-related steps simply. Dynamic scheduling or pre-scheduling can be used as well. 
It is obviously that RACH less handover would allow reduction in the data interruption time (8.5ms) according to table1, however, several common issues still need to be solved. As we know, one of the main purposes of RACH procedure during HO is to obtain target cell TA. In absence of RACH procedure, obtaining the target cell TA without explicit TA command should be supported. RAN4 has evaluated that the accuracy of TA for initial uplink transmission cannot be met by UE calculated TA schemes in either synchronous or asynchronous network, therefore LTE has agreed that the RACH-less solution is only applicable when the TA value of the source cell can be reused for the target cell or TA=0 in the target cell [3].  
Another potential issue is whether the power control in PUSCH should be modified without RACH procedure as the initial value of PUSCH transmission power control is based on PRACH preamble power and total power ramp. In LTE, RAN1 has agreed that no additional mechanism is introduced for power control in the initial PUSCH. 
In addition, for SFN based RACH-less solution, the agreed SFN for HO execution should be decided considering possible HO command HARQ re-transmission, radio transmission latency and the backhaul link latency [3]. Therefore, it may be troublesome due to some error cases. Even if the HO command is received by the UE, the UE needs to wait until the assigned SFN. Given that HO may be performed due to degrading radio quality of the source cell, the UE should access to target cell as soon as possible. However, for SFN based RACH-less, the UE may not perform an immediate access to the target cell. 
Observation 1: RACH-less handover can reduce the Handover interruption time but the solution is only applicable when the TA value of the source cell can be reused for the target cell or TA=0 in the target cell.
2.2   TDM Pattern based Make Before Break
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Figure 2 Continuous transmission with source cell until UL Grant in Target cell[1]
To reduce handover interruption time, make before break is another potential solution. In this solution, the UE continues downlink and uplink transmission with source eNB until the UE receives UL grant from target eNB. However, in this option, the source eNB should coordinate 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 send the preamble and receive the RAR [1]. Although the UE communicates with source eNB and target eNB following the TDM pattern, it is not clear if this solution is enabled by dual connectivity. The interruption time saving is 15ms (without step 7). 
Observation 2: TDM pattern based make before break can reduce the handover interruption time at the cost of inter-eNB pattern coordination. 
2.3   Combined Solution
This is an option that combines RACH-less handover and TDM pattern based make before break [1]. 
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 pre-allocated UL grant within the HO command which is created by target eNB and forwarded to the UE by source eNB. The UE may choose to transmit to target in this UL grant or perform UL communication to source eNB (e.g., for HARQ retransmissions). The interruption time saving is 23.5ms minus the time for pre-scheduled UL grant. 
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Figure 3 Continuous transmission with source cell without RACH in Target cell[1]
2.4   UE Indication based Make Before Break
The solution is similar with TDM pattern based make before break (as described in Section 2.2) but has an additional HO indication procedure between the UE and Source eNB [1]. The data interruption during handover is reduced 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 by introducing a handover indication event. 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. For single TX/RX UE with no simultaneous transmission/ reception towards source/target eNB, the pre-defined event can be the downlink synchronization. In this case, the interruption time saving is 15ms (without step 7). 
However, the UE indication based make before break relies on the robustness of the handover indication from the UE to the source cell (as described in step 8 of figure 5). There is a risk for the source cell to not able to receive the handover indication if the connection fails and then the data forward from the source to the target will not be triggered. 
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Figure 4 UE indication based make before break[1] 
Observation 3: UE indication based make before break can reduce the handover interruption time but the performance relies on the robustness of the handover indication message from the UE to the source cell.
2.5   TDM-based DC
While in this TDM-based DC solution, UE can establish RB with target cell as “make before break” solution via RACH/RRC procedure. And at the same time, UE could go back to source cell in some time period to perform TX/RX. The source cell can configure a TDM pattern based TX/RX resource to the UE according to its coordination with the target cell. Following the configuration of the pattern, at any time the UE is able to keep communication with one of cells (either source cell or target cell). Also in case of a potential failure in the target cell, UE can fallback to source cell and maintain data communication or recovery. 
Different from TDM pattern based make before break (as described in section 2.2), the SgNB Addition procedure is performed without the handover preparation procedure. The TDM-based dual connectivity can improve the robustness of transmission and avoid frequent handover in legacy ping-pong case. No additional interruption time is expected other than the interval interleaved within the TDM patterns between the source cell and the target cell. Furthermore, the interval interleaved within the TDM patterns can be handled by physical layer and does not lead to the interruption time for high layer. 
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Figure 5 procedures of TDM based DC
Observation 4: For TDM based DC operation, no interruption time is expected as long as the UE can keep its connections with the source cell and the target cell following the DC approach.
2.6   Comparison for single TX/RX based solutions
	Option
	Interruption time saving (ms)
	Cost or limitation analysis

	RACH less HO
	8.5
	the TA value of the source cell can be reused for the target cell, or TA=0 in the target cell

	TDM pattern based make before break
	15
	TDM pattern coordination, Single connectivity

	Combined solution
	23.5 minus the time for pre-scheduled UL grant
	the TA value of the source cell can be reused for the target cell, or TA=0 in the target cell , TDM pattern coordination

	UE indication based make before break
	15
	Reliability of HO indication

	TDM based DC
	no interruption time is expected
	TDM pattern coordination, Dual connectivity


3   Conclusion and Proposal

Observation 1: RACH-less handover can reduce the Handover interruption time but the solution is only applicable when the TA value of the source cell can be reused for the target cell or TA=0 in the target cell.
Observation 2: TDM pattern based make before break can reduce the handover interruption time at the cost of inter-eNB pattern coordination.

Observation 3: UE indication based make before break can reduce the handover interruption time but the performance relies on the robustness of the handover indication message from the UE to the source cell.
Observation 4: For TDM based DC operation, no interruption time is expected as long as the UE can keep its connections with the source cell and the target cell following the DC approach.
Proposal1: RAN2 is asked to discuss all of the potential solutions to achieve the close 0ms handover interruption time for single TX/RX UE
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