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1	Introduction
RAN#80 has agreed the “New Work Item on even further Mobility enhancement in E-UTRAN” with the following objectives:
	The main objectives of this work item are to do the following enhancements:
· Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover,
· Specify necessary core requirements for the identified solutions [RAN4]



With this contribution we address the improvements of the robustness during handover.
2	Definition of Mobility Robustness and the Threats
In order to avoid confusion, a proper definition of mobility robustness should be discussed first. Mobility robustness addresses connection failures which cause the UE to autonomously initiate RRC connection re-establishment. Two types of connection failures exist:
-	Radio Link Failures (RLF)
-	Handover Failures (HoF)
Hence, improving mobility robustness means reducing/avoiding RLFs and HoFs. Certainly, there are other targets of mobility enhancements, like decreasing handover interruption time or accelerating the recovery after a connection failure, however those are treated under separate topics, we propose not to confuse the different targets.
Proposal 1: RAN2 is asked to confirm that improving mobility robustness means reducing the number of RLFs and HoFs.
The main reasons for the occurrence of connection failures are:
- 	Measurement report from UE does not reach the base station 
(since UL channel quality is [already] too bad in the source cell).
-	Handover Command does not reach the UE 
(since DL channel quality is [already] too bad in the source cell).
-	RACH procedure fails in the target cell
(since UL or DL channel quality is [still] not stable in the target).
-	Handover to an unstable cell
(“too early handovers/handover to wrong cell”, a failure happens shortly after a successful handover, no measurement report could be sent).
These are the main threats of mobility robustness. The crucial aspect is the ability to react on channel degradations. Therefore, it is inevitable to discuss in detail the aspects which impact this ability. We schematically illustrate all the steps in Figure 1. A UE is moving from a red source cell towards a blue target cell. The signal graph on top shows the average channel (dashed, not known in reality), the Layer 1 measurements (light and solid, prone to fast fading and measurement errors), and the Layer 3 measurements (bold, filter coefficient 4 is used which means a filter time constant of roughly 200ms). The handover procedure comprises the following steps:
1. 	At a certain point in time (~650ms), the actual channel (solid) of the target gets better than the source.
-	However, this is not visible, since the actual channel is superimposed by fast fading and measurement errors.
-	The L3 filtered measurements are relatively smooth, however they follow the true channel with a delay of ~200ms (when filter coefficient K=4 is used).
2. 	Consequently, e.g. an A3 condition with 3dB offset would start the time to trigger more than 200ms later (~950ms). At this point in time, the target may already be much stronger than the source.
3.	The UE would send the measurement report (MR) when TTT expires, e.g. further 200ms later (~1150ms).
4.	The source cell will receive the measurement report shortly after and sends the HO REQUEST to the target e.g. 10ms after the UE has send the measurement report.
5.	The target will run the admission control and send the HO REQEST ACKNOWLEDGEMENT e.g. 30ms later.
6.	Next, the Source will send the HO Command to the UE, e.g. 10ms later.
7.	Finally, the UE will detach from source and accesses the target at around 1200ms, i.e. >550ms after the target became better.
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Figure 1: Temporal axis of handover.
From the description above we conclude that the main reason for the delayed reaction is the L3 filter and TTT (~500ms), whereas the measurement report, HO Command and HO preparation (in totally < 50ms) lead to little delay of the subsequent signalling.
In this context, it is important to emphasize that L3 filter and TTT are features rather than bugs. Shorter L3 filter and TTT would lead to faster reaction indeed, but also to bad handover decisions which make the system extremely nervous and thereby deteriorates the performance (too early handovers, handovers to wrong cell, ping-pongs).
Observation 1: Main limitation on the ability to react on channel degradations are Layer 3 filtering and time to trigger (TTT).
3	Scenarios to be investigated
Handovers can be subdivided into:
- 	inter-frequency handovers, where source and target cells are on two different frequencies and thereby do not interfere with each other.
- 	intra-frequency handover, where source and target cells share the same carrier frequency and thereby interfere with each other.
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The more challenging type is the intra-frequency handover, since the mutual interference between source and target cell does neither allow for very early handovers (due to interference from the source) nor for very late handovers (due to interference from the target), i.e. the handover has to be executed at a sharp point in time (which unfortunately is unknown). There is much more margin for an inter-frequency handover, so we propose to focus on intra-frequency handovers.
It also has to be decided whether HetNet scenarios are relevant, where macro cells and small cells share the same frequency layer. We propose to focus on homogeneous scenarios, i.e. mobility between macro cells or between small cells.
Proposal 2: Focus of enhanced mobility robustness shall be on intra-frequency handovers and on homogeneous scenarios. 
4	Existing solutions
In the recent releases, 3GPP has already introduced multiple features for improving mobility robustness. Thus, before discussing additional features, the existing solutions shall definitely be considered first.
-	Speed Scaling
Already Rel8 has allowed the UE to scale time-to-trigger and handover offset based on internal mobility state estimates. However, mobility state estimation is a rather coarse and sluggish method, so that the benefits are limited.
- 	Preparation of multiple handover targets
Already Rel8 has allowed the source cell to pro-actively prepare multiple targets. When the actual handover is executed, the X2 preparation procedure is saved and the Handover Command is sent a bit earlier which improves robustness (and recovery after a potential failure is simplified). Please note that this affects only the network preparation; UEs cannot be prepared for multiple cells (unless Conditional Handover is used, see section 5).
- 	Mobility Robustness Optimization (MRO) in the Self-optimizing-network (SON) context
This feature has been introduced in Rel9 and is already widely deployed. Multiple improvements have been specified, in particular the introduction of “Mobility Information” in Rel11 which allows separate MRO instances for different UE groups, i.e. fast versus slow UE, real-time versus non-real-time UEs, eICIC capable versus eICIC non-capable UEs, etc.
Although many components of an MRO solution are standardized (RLF Indication, HO Report, RLF Report, etc.), a large part of MRO is still vendor-specific, which makes it difficult to quantitatively consider this feature in the investigations. However, it should always be kept in mind that MRO optimizes mobility parameters (e.g. offsets) separately for every neighbour, or even separately per UE group [8] [9] [10].
-	HetNet Mobility Enhancement
This Rel-12 has introduced multiple features for the case of heterogeneous networks, mainly for macro and small cells being on the same frequency layer
	-	Enhanced mobility state estimation for better speed scaling.
	-	Cell-specific time to trigger.
-	For the sake of completeness and in order to avoid confusion, we will list more mobility features which are relevant, however, do not improve mobility robustness:
	-	Rel14 Make-Before-Break and RACH-less Handover
		These features improve the handover interruption time, but they cannot reduce RLFs and HoFs.
	-	Rel12 context fetching
		This feature accelerates the recovery after a failure, but it does not reduce the failures themselves.
- 	Rel-12 T312 (i.e. early expiry of T310, early RLF)
	Similar to context fetching, this feature mitigates the impact of a failure by faster declaration of RLF in the presence of a suitable alternative target. But the failures themselves are not reduced (in contrast, even more failures will occur).
Proposal 3: Existing solutions introduced in recent releases shall be considered before discussing new features for improving mobility robustness.
5	New candidates for improving mobility robustness
As discussed in the previous sections, there are already several enhancements. New methods have to better protect the measurement report and the handover command, without risking the access to the target. We propose to focus mainly on two methods which have already been discussed for NR, namely the Conditional Handover and the Dual Connected Handover.
5.1	Conditional Handover
The main idea of the conditional handover is to send the handover command very early, and along with an additional execution condition. In contrast to the legacy handover, where the UE immediately accesses the target cell (which is very likely to be unstable due to the early execution), the UE will only access the target cell when the execution condition triggers. Since this might be done even without contacting the source cell, this is also called UE autonomous handover. This concept has already been discussed in NR, e.g. [2]. More details on the performance can be found in [5]. We will list a number of aspects which have to be investigated.
-	Design of the execution condition.
- 	Number of targets which can be simultaneously configured for the UE
Early preparation of a target increases the risk that the wrong target is prepared. Allowing for multiple targets will increase the performance, but also increases the costs.
-	Defining a procedure for de-configure a Handover Command in the UE
Since an early preparation might be in vain, methods are needed to de-configure a target in the UE (and also in the network). These might be triggered by measurement reports or by appropriate timers.
-	RRC responsibility
Following today’s handover definition, after the UE has received the handover command for a certain target, the UE drops the RRC connection to the source, and the RRC of the target becomes the responsible entity. However, here the UE is left with the source cell, i.e. only the source cell has a radio connection, and the source cell may need to reconfigure the UE. Adaptations are needed for this period, as discussed in [3].
-	Sending a “Bye” message when execution condition triggers.
Such a message obviously would not be very reliable, but it would simplify packet forwarding.
-	Improved recovery from failures
Failures may happen although the UE has received a proper handover command (execution condition has not triggered) for a relevant target. In such a case, the re-establishment can be massively simplified by using contention-free access. This may even be done before T310 expires.
It is important to mention that this feature would require activities from other working groups as well, in particular RAN3. Impact to RAN1 and 4 seems to be limited.
5.2	Dual Connected Handover
Another option, which has already been discussed in NR, is to apply the DC-3C principle to the intra-frequency case, e.g. [2]. The source cell sets up the target as SeNB / SCG at a very early stage, probably before it is sufficiently stable to support a data connection alone. A massive robustness gain can be created when subsequent RRC reconfigurations (SRB) are duplicated via both source and target. Note that SRB / DRB duplication has already been introduced as a part of  Rel-15 LTE HRLLC WI. In order to remove the source eNB and continue with the target eNB alone, source and target have to swap their MeNB and SeNB role. Details of such a dual connected handover are studied in [4].
A strong advantage against the Conditional Handover is the fact, that the dual connected handover would also massively improve the handover interruption, whereas the Conditional Handover has no impact on the handover interruption [4]. However, obviously the costs are also higher since such a feature would require terminals with two separate TRX.
The following aspects have to be investigated:
-	Applicability of DC to the intra-frequency case
This will require the involvement of RAN4 (and possible RAN1)
-	Specification of a Role Swap procedure
This can start from the bases of an inter-MeNB handover, where the target cell is already an existing SeNB.
-	Extension to more than a single SeNB
Similar to the Conditional Handover, robustness can be further increased by allowing more than a single target (set up as SeNB)
- 	Review of the split data radio bearer
During the period where the UE is connected to both source and target cell, the usage of the MeNB and SeNB is currently specified to support aggregation of the MeNB and SeNB throughput. It has to be investigated whether the current split mechanisms are appropriate to support the robustness benefits.
Just as for the Conditional Handover, RAN3 work would be needed here as well (however, there should be a significant reuse of DC procedures). In addition, as mentioned above, RAN1 and RAN4 need to be involved.
Proposal 4: Conditional Handover and Dual Connected Handover shall be investigated for enhanced mobility robustness.
6	Conclusions
This paper investigated handover robustness in LTE. In the course of the paper, the following observations and proposals have been made:
Observation 1: Main limitation on the ability to react on channel degradations are Layer 3 filtering and time to trigger (TTT).
Proposal 1: RAN2 is asked to confirm that improving mobility robustness means reducing the number of RLFs and HoFs.
Proposal 2: Focus of enhanced mobility robustness shall be on intra-frequency handovers and on homogeneous scenarios. 
Proposal 3: Existing solutions introduced in recent releases shall be considered before discussing new features for improving mobility robustness.
Proposal 4: Conditional Handover and Dual Connected Handover shall be investigated for enhanced mobility robustness.
References
[1] [bookmark: _Ref75086397][bookmark: _Ref525555002]RP-181337, New Work Item on even further Mobility enhancement in E-UTRAN – China Mobile, Softbank
[2] R2-1803343, On the opportunities and threats of NR Conditional Handover – Nokia
[3] [bookmark: _Ref525557318]R2-1708588, Dual connected intra-frequency handover for 0 ms interruption and mobility robustness – Nokia
[4] [bookmark: _Ref525556841]R2-1803347, Configuration Management for Conditional Handover – Nokia
[5] [bookmark: _Ref525557684][bookmark: _Ref525557509]R2-1814462, Solution candidates for minimizing HO interruption time in LTE – Nokia
[6] I. Viering, H. Martikainen, A. Lobinger, B. Wegmann, "Zero-Zero Mobility: Intra-Frequency Handovers with Zero Interruption and Zero Failures," IEEE Network Magazine, March, 2018.
[7] [bookmark: _Ref525555053]H. Martikainen, I. Viering, A. Lobinger, T. Jokela, "On the Basics of Conditional Handover for 5G Mobility," IEEE International Symposium on Personal, Indoor and Mobile Radio Communications (PIMRC), Bologna, Italy, September, 2018.
[8] [bookmark: _Ref525567866]F. B. Tesema, A. Awada, I. Viering, M. Simsek, G. P. Fettweis, "Evaluation of Context-Aware Mobility Robustness Optimization and Multi-Connectivity in Intra-Frequency 5G Ultra Dense Networks," IEEE Wireless Communications Letters, September, 2016.
[9] [bookmark: _Ref525567864]A. Fehske, I. Viering, J. Voigt, C. Sartori, S. Redana, G. Fettweis, "Small Cell Self-Organizing Wireless Networks", Proceedings of the IEEE, 2013. Invited Paper.
[10] [bookmark: _Ref525567860]I. Viering, B. Wegmann, H. Martikainen, A. Awada, A. Lobinger, "Mobility Robustness Optimization beyond Doppler Effect and WSS Assumption," IEEE International Symposium on Wireless Communication Systems 2011, Aachen, Germany, November, 2011. Invited Paper.




image1.png
NS

‘ﬂ

””” T
I B

2. Target l l ,i\

measurement
is 3dB better

signal strength in dBm

than sourc mman
(TTTis ; d to UE
started)

source




image2.png
«K)
i{‘b «K o %z) T («5)»

Inter-frequency Intra-frequency





