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1 Introduction

For reporting to RAN#79 meeting about the evaluation results about 0ms interruption time, one email discussion was triggered [1]. 

In the email discussion, the results of the study on latency reduction techniques for LTE in R14 were borrowed to analyze the handover interruption time, and with some assumptions, the 0ms handover interruption seems could be satisfied.

In this contribution, we discussed one left issue regarding the 0ms interruption time, and in our understanding, this requirement can be satisfied under the assumption made in the email discussion with solving this problem mentioned in this contribution. 
2 Discussion

In email discussion, the table for the minimum/typical latency of the components of handover interruption in typical LTE HO is shown in Table 1.

	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


As mentioned in the email discussion, 0ms could be achieved in Step 7 with MBB (Make Before Break); while 0 ms could also be achieved in Step 9.3/9.4/10 with RACHless.

Regarding Step 9.2, there should be some assumptions as follows:

1. For intra-frequency case, the synchronization could be achieved in 0ms and UE RF retuning is not needed;

2. UE processing time is very fast to handle UP issues, e.g. security update.

And with this assumption, we can assume that 0ms could also be achieved in Step 9.2.

However, we still observed some issues on Step 11. In TR36.881, some description about RACHless was mentioned as follows:

UL grant allocation for handover command response
Another purpose of RACH procedure during HO is to obtain UL grant for the transmission of the handover command response (i.e., RRC Connection Reconfiguration Complete message). In absence of RACH procedure in target eNB, allocation of UL grant is needed in the target cell. One option is UL grant pre-allocation in handover command. The pre-allocated UL grant can be kept valid within a period of time, starting from the time when the UE achieves synchronization with the target cell. Another option is UL grant allocation by dynamic scheduling in the target cell. The target cell allocates UL grant to the UE by dynamic scheduling from the time when it expects the UE to be available for scheduling (e.g., based on mutually agreed time, or sometime later after the handover preparation procedure which is subject to eNB implementation).
The initial value of PUSCH transmission power control is based on PRACH preamble power and total power ramp. If PRACH procedure is removed, power control in PUSCH should be modified. The impact in uplink power control needs to be studied by RAN1.

Besides, in TS 36.300, it was also mentioned that
If Make-Before-Break HO is configured, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell.

And in TS 36.331, it was also mentioned that

1>
if makeBeforeBreak is configured:

2>
perform the remainder of this procedure including and following resetting MAC after the UE has stopped the uplink transmission/downlink reception with the source cell(s);

NOTE 1a: It is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell [16], if makeBeforeBreak is configured.
In this part, it was mentioned that for obtaining the UL grant for handover command response, some mechanisms for obtaining the UL grant is needed, and two options were listed. With this, the handover command response could be sent with the UL grant obtained, and also the latency of Step 11 could be reduced. However, for the second option, if UE will anyway needs to obtain the UL grant by dynamic scheduling, there will be some latency introduced, and 0ms could not be achieved; for the first option, even the UP grant could be pre-allocated by target node, and informed via handover command, however, the UE needs at least one TTI/ms to transmit the handover command response. And with that, the BSR for data transmission will be transmitted to the target node, and UE could resume the UP transmission.
Furthermore, it was also mentioned in TS 36.300 that the connection to the source cell is maintained before the UE executes initial uplink transmission to the target cell, and the intial uplink transmission could be the preamble transmission (if RACHless is not applied) or RRCConnectionReconfigurationComplete (if RACHless is applied).

Thus, 
Observation 1: Even with RACHless, 0ms could not be achieved for the step of handover command response.

Thus, there are two options here.

Option 1: Changing the HO procedure which the handover command response is not needed.

It seems a big change will be introduced with this option, and the handover procedure in both LTE and NR should be reconsidered. Therefore, we don’t prefer this option.

Option 2: Allowing UE to resume the data transmission in parallel with the handover command response

With this option, UE could resume the data transmission after the UE gets the UL TA. After that, the UP data could be transmitted no matter whether the handover command response is transmitted or not.

Proposal 1: It’s proposed that RAN2 to adopt option 2 for solving the issue in handover command response step.

3 Conclusions:

In this contribution, we discussed one observation obtained for the handover procedure when considering the 0ms interruption requirements, and based on the observed issue, the corresponding options were provided for further discussion:
Observation 1: Even with RACHless, 0ms could not be achieved for the step of handover command response.

Proposal 1: It’s proposed that RAN2 to adopt option 2 for solving the issue in handover command response step.
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