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1	Introduction
In RAN2#103bis, the following was agreed during the discussion on enhancing mobility robustness [1]:
Agreements

1 	Evaluate new solutions compared to LTE Re-15 mechanisms.

In this contribution, we present and analyse CHO simulation results to assess the potential benefits, and the sensitivity against certain assumptions. The simulation results have been published in [2]. We also compare the results with Rel-9 Mobility Robustness Optimization (MRO) results.
2	Simulation Assumptions
2.1	Scenario
For the mobility simulations presented below, we assume a Madrid grid as proposed in the METIS project [3]. Base stations are mounted on roof tops and serve 120° sectorized cells. Antenna locations are illustrated in the figure below. UEs move with 30km/h in streets (purple), and with 3km/h in pedestrian areas (blue) and open areas (green). That is, we are assuming a scenario with mixed velocity to make it more realistic. 
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Figure 1: Simulation environment: Madrid grid (METIS project)
The most relevant simulation parameters are provided in the table below.




Table I: Simulation parameters
	Time to trigger
	120 ms

	Filter coefficient
	4

	Legacy HO margin
	3 dB

	T310
	600 ms

	Carrier frequency
	5.6 GHz

	Bandwidth
	100 MHz



Further assumptions can be found in [2]. Note that the results go beyond simulation assumptions which have been agreed in e.g.[4], nevertheless they show important and relevant trends of the performance.
2.2	Implementation assumptions for Conditional Handover 
The CHO operation is assumed as follows:
· Preparation of a CHO target cell is initiated by a measurement report triggered by a conventional A3 event, but with a small (even negative) threshold (the default is -3dB, i.e. a target cell is prepared when it is still 3 dB weaker than the serving cell).
· Whether or not further target cells can be added is determined by the maximum number of allowed target cells (the default is a single target).
· If the maximum number of allowed target cell is reached and a further preparation event is received:
· The source cell will ignore the measurement report, if the newly reported target cell is weaker than the weakest already configured target.
· The source cell will replace the configured target cell by the newly reported target, if the reported RSRP of the new target cell is stronger than the weakest configured target. (In the presented simulation results we do not consider a margin/hysteresis here). This is done by a single RRC reconfiguration message which de-configures the previous target cell and configures the new one.
· Furthermore, we assume a “deconfiguration trigger event”. When the signal of a configured target cell falls offset below that of the serving cell, another measurement report is sent and the source cell will de-configure the target. The threshold for this event has a 3 dB hysteresis to the preparation threshold, i.e. the default value is -6 dB.
No further deconfiguration mechanisms are used.
· The CHO is executed, when a configured target cell becomes offset better than the serving cell. The default for the execution threshold in 3dB. This condition uses the same filter coefficient and the same time to trigger as the other events.
2.3	MRO reference
In addition to the legacy handover, where a constant handover offset of 3 dB is used, we are also comparing the CHO performance with the performance of a self-optimizing MRO mechanism, which optimizes the handover offset separately for every cell boundary (“cell individual offset”). We  briefly explain the MRO approach in the following :
· Separately for every cell boundary, we categorize all handovers and failures into successful handovers, ping-pongs, too late handovers, too early handovers, and handovers to wrong cell, as specified in Rel-9.
· After having collected a decent number of these events with a sufficient statistical significance, we increase the cell-individual offset if the cell boundary was dominated by handovers which were triggered too late (“too late handovers”), and reduce it if the cell boundary was dominated by handovers which were triggered too early (“too early HOs”, HOs to wrong cell, ping-pong).
3	Simulation Results
Figure 2 shows the simulation results, which will be discussed in more detail below. We evaluate two main KPIs:
· Number of connection failures (i.e. radio link failures and handover failures), normalized per user and per minute.
· Number of RRC reconfigurations, normalized again per user and per minute. We are counting:
· Legacy handover commands.
· CHO target preparations (when preparation event is received, and maximum number of allowed targets is not reached)
· Deconfiguration of CHO targets (when to deconfiguration event is received).
· Replacement of a configured CHO target (when preparation event is received, and maximum number of allowed target cell is reached, and the new target cell is stronger than the weakest configured target)
· Number of Ping-pong per user and per minute (i.e. successful handovers from source to target cell, and back to source cell within 5 seconds.
A more detailed analysis with more KPIs is found in [2].
[image: ]
Figure 2: Simulation results; left: number of allowed CHO targets, middle: preparation threshold, right: execution threshold
3.1	Number of CHO targets and MRO comparison
Please recall that the default for preparation threshold and execution threshold is -3dB and +3dB, respectively. We make the following observations (left column):
· A single target already provides significant reduction of failures against the legacy handover (0.5 to 0.06), as well as against MRO (0.2 to 0.06). Two and three targets provide more gain (down to 0.03 and 0.02), but main benefit comes already from the early preparation of a single target cell.

· The number of RRC reconfigurations increases with CHO significantly by a factor of 3-4 w.r.t. MRO. Obviously, with this setting, indeed cells are prepared in vain in many cases, and have to be de-configured again. Please note that we will discuss below how this can be improved.

· Please note that some increase is natural, since we are turning many failures into successful handovers, and some of the failures happen since preparation was not even done (lost measurement reports). This is also the reason why MRO has more RRC signalling than legacy HO.

· With a single target, replacement of a configured target cell (i.e. de-configuration of an existing target cell, and configuration of a new one) happens quite often, so it seems worth to define an efficient and tailored procedure for this replacement. This is less relevant with more target cell.

· Ping-pongs increase slightly w.r.t. legacy handover (0.2 to 0.25). Note again that ~0.44 of failures are turned into successful handovers, and some of them will end up in additional ping-pongs, although CHO uses the same execution threshold (3 dB) as the legacy handover; so this increase is also natural and expected.

· However, CHO ping-pongs are decreased w.r.t. MRO. Parts of the MRO gains come from the fact that ping-pongs are sacrificed for lower number of failures.
3.2	Impact of preparation threshold
Please recall that the default for execution threshold and number of allowed target cells is +3dB and 1, respectively. We make the following observations (center column):
· Clearly, the earlier we do the preparation, the more we reduce the failures.

· Unfortunately, the RRC reconfiguration operations increase as well; the earlier we prepare, the more often we do it in vain and have to de-configure or replace.

· The preparation threshold has little impact on the ping-pongs.

· We have a mixed velocity case, i.e. we have 3km/h and 30km/h users simultaneously. Obviously, early preparation will help the fast users massively, but at the same time will cause uncertainties for the slow users. One efficient solution would be to use different settings for slow and fast users. Unfortunately, under practical conditions it is extremely difficult to reliably distinguish slow and fast users. Instead, we apply a very simple SON mechanism which configures an early preparation threshold of -4 dB on critical cell boundaries (where failures occur), and a moderate preparation threshold of 0 dB on non-critical boundaries (where no failures occur). Certainly, this can be done much better following the well-known principles of MRO; however, we will only use such a simple mechanism to demonstrate an important trend explained in the following subparagraph.

· Even this simple, cell-pair-specific setting, can massively reduce the RRC overhead introduced by CHO and bring it down to the level of MRO. This happens without harming the failure performance.
The important conclusion is that the RRC overhead is kept moderate, when the preparation threshold is properly configured. Aggressive (early) setting shall only be used when needed.
In reality, cell-pair specific setting (via cell-individual offset) will already help a lot, since cell boundaries are typically dominated by specific user behaviour dictated by a given infrastructure (streets, pedestrian areas, open spaces, as in our scenario sketched above).
3.3	Impact of execution threshold
Please recall that the default for preparation threshold and number of allowed target cells is -3dB and 1, respectively. We make the following observations (right column):
· The execution threshold seems to have less impact on the failure performance, we cannot further reduce the failures with the execution threshold. We even see an increase of the failures when executing too early (since the RACH gets more and more risky).

· Early execution obviously increases the ping-pongs massively, which is expected.

· Consequently, the RRC overhead explodes as well.
4	Conclusions
Observation 1: From the presented simulations we make the following observations:
· The CHO can provide significant benefits against the legacy handover, and also against MRO, in terms of failures.
· Most of the benefits are achieved even with a single allowed target cell. Allowing more target cells leads to additional but moderate gains.
· The threshold for target cell preparation has a significant impact on failure performance.
· The number of RRC messages can massively increase, when the preparation threshold is not configured properly, i.e. careful configuration is important.
· The execution threshold has a smaller impact on the failure performance but can negatively impact the number of RRC operations and increase the number of ping-pongs.
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