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Introduction
[bookmark: _Toc242573354]In the work item for Even further Mobility Enhancements, one objective is to improve the robustness at handover. This contribution proposes enhancements related to the handover robustness.
Discussion
Transmission of Measurement Report
Handovers are normally triggered when the UE experiences poor radio conditions. If the UE enters poor radio conditions quickly the conditions may already be so poor that the actual handover procedure may be hard to execute. One reason for handover failures is problems with transmission of the RRC message containing Measurement Report. In poor radio conditions the message is more often segmented, which increases the risk of retransmissions with an increased risk that the message doesn’t reach the network in time. Failed transmission of Measurement Report is a common reason for unsuccessful handovers.
If the RRC message containing the Measurement Report could be transmitted multiple times by the UE without waiting for acknowledgement from the network, it would increase the likelihood that the network would receive the whole message faster. Therefore, mechanisms for repeating RRC messages at handover could be considered.

Use of repetitions for RRC messages
One existing mechanism which could be used for transmission of a message multiple times without waiting for acknowledgement is RLC UM. RLC UM is currently not used for transmission of RRC messages in NR, but for the handover case it may be beneficial to use it. Especially when the message is segmented, the network could receive one segment from one transmission, another segment from another transmission and add up the segments to a complete message without having to wait for an RLC retransmission of the complete message. 
RLC AM is dependent on that RLC poll and status signalling is successful. The scheduler doesn’t know that the poll and status is waiting to be transmitted and there may be a timeout due to that the critical poll and status signalling fails. For RLC UM there is no dependency to poll and status signalling. The number of transmissions can also be determined without having to reconfigure the UE. 
Taking these aspects into account the full message may reach the network faster with RLC UM and the UE could go to the new cell faster. The cost is that more radio resources are used for a short period of time, but the benefit is a more robust handover procedure. In the figure below, repetition of Measurement Report is shown.
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Simulations were made to see if repetitions could improve the robustness at handover. The following setup was used:
	Simulation parameter
	Parameter Settings

	Inter site distance
	1732 meters

	Cell layout
	21 cells: 7 macro sites with 3 sectors per site

	Carrier frequency
	2 GHz

	Channel model
	Typical urban

	Antenna model
	2D model according to 25.814

	Traffic model
	File download with TCP, each user downloads files of 100 KB size with 1.5 s reading time between each file

	Number of users
	7 users per cell

	Amount of indoor users
	100 %

	UE speed
	30 km/h

	BS antenna setup
	8 TX x 8 RX

	UE antenna setup
	1 TX x 2 RX

	Maximum number of UL HARQ TX attempts
	5

	Maximum number of RRC RLC transmission attempts
	9

	Number of RLC UM repetitions
	9

	Measurement report size 
	144 bits

	A3 event threshold
	4 dB



Simulations were made by using RLC repetitions for RLC UM. Repetition of Measurement Report provided gain. Some results are shown in the figures below.
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With repetition of Measurement Report the number of failed handovers decreases a bit with RLC UM. This is quite a substantial improvement and there are reasons to study such a solution further. RAN2 is therefore asked to study the use of RLC UM repetitions for transmission of RRC messages, especially the MeasurementReport preceeding the HO Command.
The use of repetitions in UL doesn’t collide with other robustness improvements for handover but can be used in addition to other improvements. RAN2 agreed to consider conditional handover as one solution to improve handover robustness. Conditional handover mainly targets the transmission of HO Command and helps improving the robustness in DL, whereas repetitions of Measurement Report targets the UL and can help improving the robustness in UL. 
Proposal 1: Study the use of RLC UM for transmission of RRC messages, especially the MeasurementReport preceeding HO Command.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following proposals:
Proposal 1: Study the use of RLC UM for transmission of RRC messages, especially the MeasurementReport preceeding HO Command.
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