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1. Introduction 
This contribution is the revision of R2-1807672. The only change is the removal of “NR” term.

While it is common understanding that conditional handover (CHO) is a promising solution for improving the mobility robustness, only a few simulation results on CHO have been provided [1], [2], [3]. In this contribution, we provide simulation results on CHO in detail and discuss some observations to progress on CHO.
2. Simulation Results and Discussion
2.1. Handover Events in the CHO
In the CHO, a handover (HO) event can be split into an HO preparation (HOP) event and an HO execution (HOE) event. Furthermore, if the HO parameters for these two events are properly set, the trade-off between the HO failure (HOF) and the ping-pong (PP) can be solved [4].
In [1], the HOP event is based on A4 event and the HOE event is based on A3 or A5 event. However, both events can be based on A3 event and the HOE event can be just a delta to offset used in the HOP event [2], [5]. It is simpler and intuitively easier to control the HO parameters to get better performance. The lower the HO margin of the HOP event, the lower the HOF rate. And, the higher the delta of the HOE event, the lower the PP rate. Meanwhile, a time-to-trigger (TTT) is usually used to avoid a PP effect. The shorter the TTT, the lower the HOF rate. And, the longer the TTT, the lower the PP rate. Therefore, in the CHO, there can be the overlap of functionality between the delta and the TTT and it needs more study in RAN2. We discuss it in detail in [6].
We provide simulation results on CHO where the HOP event and the HOE event are based on A3 event with/without TTT. The results on the mobility speed of 120 km/h are in Section 2.3 and 30 km/h in Section 2.4. Details of the simulation parameters can be found in the Annex A.

2.2. Handover Performance Metrics

Conventionally, HOF rate and PP rate [7] are used to assess an HO algorithm because there is the trade-off between them. However, by the introduction of CHO, the trade-off can be solved as stated above. An extreme CHO algorithm can achieve zero HOF rate and zero PP rate simultaneously as discussed in [4]. However, as a paper [3] pointed out, it may induce outage in the serving cell and the paper proposed the connection outage probability as an additional HO performance metric. Nevertheless, above three metrics are not sufficient to evaluate the optimality of an HO algorithm because a tactful CHO variant which uses an outage event as the HOE event may achieve zero connection outage probability without sacrificing the HOF rate or the PP rate as shown in [4].
In the simulation, we measured various HO performance metrics as follows:
- HOF rate [1], [2], [3]
- sToS or PP rate [2]
- Connection outage probability [3]
- RLF occurrences per sec
- Average spectral efficiency
- HO attempts per sec [2]
- # of DL HO signalling transmissions/retransmissions per sec: analogous to # of addition MR per sec [1], but different that the former is the metric for DL signalling overhead and the latter is that for UL
- HO preparations per sec: analogous to # of average candidate target cells [1]
- Re-establishment success rate.

2.3. The Results at 120 km/h

The HO parameters used in each simulation are in Table 1. Case 1 is Set 4, case 2 is Set 3, and case 9 is Set 5 in LTE HO [7], highlighted in yellow. Case 3, 8, and 10 are CHO variants without TTT in each event, highlighted in green. The remaining cases are CHO variants with TTT. The L1 to L3 period of 40 ms is used.

Table 1. The HO parameters in the simulation at 120 km/h

	Case
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	L3 filter k
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0

	HOP
	offset
	1.0
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0
	-1.0
	-1.0

	
	TTT
	80
	160
	-
	40
	-
	-
	-
	-
	40
	-

	HOE
	offset
	-
	-
	4.5
	4.5
	2.0
	2.0
	2.0
	6.0
	-
	2.0

	
	TTT
	-
	-
	-
	40
	40
	80
	160
	-
	-
	-


The results of various HO performance metrics are in Table 2. The blue colour means worse performance, the orange colour means better performance, and the grey colour means the average performance.
Table 2. The simulation results at 120 km/h with the L1 to L3 period of 40 ms
	Case
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	HOF rate
	9.41 
	23.60 
	1.42 
	8.46 
	1.23 
	1.20 
	7.00 
	2.12 
	0.45 
	0.07 

	sToS rate
	72.64 
	61.28 
	52.27 
	51.56 
	66.44 
	64.90 
	60.49 
	44.38 
	92.84 
	68.32 

	Outage
	0.354 
	1.119 
	0.018 
	0.118 
	0.021 
	0.051 
	0.334 
	0.022 
	0.033 
	0.003 

	RLFs / sec
	0.018 
	0.047 
	0.002 
	0.011 
	0.002 
	0.002 
	0.038 
	0.002 
	0.002 
	0.000 

	ASE
	2.838 
	2.688 
	2.883 
	2.796 
	2.887 
	2.882 
	2.698 
	2.808 
	3.020 
	2.975 

	HO attempts / sec
	0.873 
	0.656 
	0.497 
	0.491 
	0.733 
	0.711 
	0.643 
	0.411 
	2.206 
	0.775 

	HO sig. transmissions / sec
	2.679 
	2.734 
	1.079 
	1.341 
	1.219 
	1.473 
	2.132 
	1.101 
	5.336 
	1.731 

	HO preparations / sec
	0.873 
	0.656 
	0.789 
	0.857 
	0.883 
	1.028 
	1.280 
	0.801 
	2.206 
	1.383 

	Re-est. success rate
	75.0
	76.0 
	100.0 
	100.0 
	100.0 
	100.0 
	100.0 
	100.0 
	70.6 
	100.0 


Comparing the results of CHO (i.e., case 3~8 and 10) with LTE (i.e., case 1, 2, and 9), it can be observed,

Observation 1: CHO can reduce both HOF and PP simultaneously and solve the trade-off between them.
Proposal 1: RAN2 is requested to introduce conditional handover to improve the mobility robustness.
One remarkable result is that case 8 shows a much better performance than case 7 in all metrics. And, case 3 shows a similar performance in HOF and ASE, but a much better performance in the remaining metrics, than case 5 and 6. Comparing the results of CHO without TTT (i.e., case 3 and 8) with CHO with TTT (i.e., case 4~7), it can be observed,

Observation 2: A CHO variant without TTT which uses a delta to offset used in the HOP event as the HOE event can be more effective and intuitively easier to control the HO parameters to get better performance.
Proposal 2: RAN2 is requested to evaluate the performance of CHO including a CHO variant without TTT.
From the overall results, it can be observed,

Observation 3: Only HOF rate, PP rate, and connection outage probability are not sufficient to evaluate the optimality of an HO algorithm.

Proposal 3: RAN2 is requested to discuss and define new HO performance metrics to assess an HO algorithm.

One notable result is that all CHO cases show a much better performance than all LTE cases in “# of DL HO signalling transmissions/retransmissions per sec” metric. There is a concern that CHO may increase signalling overhead. Based on the results in “HO preparations per sec”, the HOF rate, and “Re-establishment success rate” metric, UL signalling overhead in the CHO is not much and should be considered as the cost for adding reliability as stated in [8]. If only DL HO signalling transmissions except retransmissions considered, DL signalling overhead in the CHO may be analogous to UL. However, DL signalling overhead due to not only transmissions but also retransmissions decreases system user data throughput. In the CHO, the UE can successfully receive an HO command in one transmission or few retransmissions as it is transmitted at the time when the radio link to the source cell is still stable. However, in LTE, many DL HO signalling retransmissions are required because an HO is usually triggered when the source connection is deteriorating. For example, DL HO signalling transmissions in case 3 are 20% more than case 2, but DL HO signalling retransmissions in case 2 are as much as 616% more than case 3.
Observation 4: DL HO signalling transmissions in the CHO are a bit more than in LTE, but DL HO signalling retransmissions in LTE are tremendously more than in the CHO.

Proposal 4: RAN2 is requested to consider not only transmissions but also retransmissions of HO command to measure the HO signalling overhead.

With the L1 to L3 period of 200 ms, the results of various HO performance metrics are in Table 3. And, the trend of results is not much different from 40 ms cases. However, the HOF rate and outage is higher and the sToS rate and ASE is lower than 40 ms cases, because the UE reacts to the shadowing slow and attempt to perform an HO to a better cell less often in 200 ms cases.
Table 3. The results at 120 km/h with the L1 to L3 period of 200 ms

	Case
	1
	2
	3
	4
	7
	8
	9
	10

	HOF rate
	24.10 
	31.50 
	17.91 
	44.98 
	26.72 
	22.24 
	16.74 
	7.76 

	sToS rate
	52.97 
	48.77 
	43.06 
	34.34 
	46.76 
	35.80 
	71.56 
	61.81 

	Outage
	1.696 
	2.103 
	1.025 
	2.076 
	1.378 
	1.021 
	2.143 
	0.777 

	RLFs / sec
	0.046 
	0.054 
	0.045 
	0.074 
	0.097 
	0.050 
	0.064 
	0.035 

	ASE
	2.527 
	2.433 
	2.633 
	2.521 
	2.561 
	2.564 
	2.558 
	2.710 

	HO attempts / sec
	0.561 
	0.494 
	0.417 
	0.324 
	0.472 
	0.343 
	0.872 
	0.686 

	HO sig. transmissions / sec
	2.340 
	2.253 
	1.677 
	1.644 
	1.855 
	1.571 
	3.434 
	2.422 

	HO preparations / sec
	0.560 
	0.494 
	0.746 
	0.572 
	0.763 
	0.693 
	0.872 
	1.401 

	Re-est. success rate
	80.4 
	84.2 
	91.9 
	81.4 
	94.6 
	93.9 
	83.0 
	99.0 


2.4. The Results at 30 km/h

The HO parameters used in each simulation are in Table 4. Case 1 is Set 4, case 2 is Set 3, and case 9 is Set 5 in LTE HO [7], highlighted in yellow. Case 3, 11, and 12 are CHO variants without TTT in each event, highlighted in green. The remaining cases are CHO variants with TTT. The L1 to L3 period of 200 ms is used.

Table 4. The HO parameters in the simulation at 30 km/h

	Case
	1
	2
	3
	4
	7
	9
	11
	12

	L3 filter k
	1
	1
	1
	1
	1
	0
	0
	0

	HOP
	offset
	1.0
	2.0
	2.0
	2.0
	2.0
	-1.0
	0.5
	1.0

	
	TTT
	80
	160
	-
	40
	-
	40
	-
	-

	HOE
	offset
	-
	-
	3.0
	3.0
	2.0
	-
	1.0
	2.0

	
	TTT
	-
	-
	-
	40
	160
	-
	-
	-


The results of various HO performance metrics are in Table 5. The blue colour means worse performance, the orange colour means better performance, and the grey colour means the average performance. The trend of results is not much different from 120 km/h cases. However, in 30 km/h cases, the HOF rate, sToS rate, and outage is lower and the ASE is higher than 120 km/h cases, because the UE reacts to the shadowing fast and attempt to perform an HO to a better cell more often, thanks to the low mobility speed.
Table 5. The results at 30 km/h

	
	1
	2
	3
	4
	7
	9
	11
	12

	HOF rate
	3.32 
	6.36 
	0.24 
	7.85 
	1.55 
	0.31 
	0.03 
	0.01 

	sToS rate
	11.67 
	6.08 
	5.83 
	4.17 
	5.64 
	58.63 
	15.25 
	9.44 

	Outage
	0.025 
	0.051 
	0.001 
	0.080 
	0.018 
	0.005 
	0.000 
	0.000 

	RLFs / sec
	0.002 
	0.002 
	0.000 
	0.005 
	0.002 
	0.000 
	0.000 
	0.000 

	ASE
	2.930 
	2.888 
	2.944 
	2.938 
	2.938 
	3.035 
	3.047 
	2.993 

	HO attempts / sec
	0.218 
	0.178 
	0.158 
	0.144 
	0.172 
	0.515 
	0.224 
	0.184 

	HO sig. transmissions / sec
	0.593 
	0.509 
	0.263 
	0.297 
	0.268 
	1.304 
	0.337 
	0.296 

	HO preparations / sec
	0.218 
	0.178 
	0.204 
	0.185 
	0.202 
	0.515 
	0.270 
	0.236 

	Re-est. success rate
	93.9 
	85.2 
	100.0 
	84.5 
	99.0 
	88.9 
	100.0 
	- 


One notable result is that the ASE in case 11 and 12 is higher than case 3 with the increase in the PP rate. There is another trade-off between ASE and PP and the optimization goal can be to find HO parameters which result in the highest ASE with an endurable PP rate to maximize the overall system throughput. An extreme CHO algorithm which uses an A3 event with +0 dB offset as the HOE event (i.e., max-SIR cell association) may provide the maximum overall system throughput. However, which HO parameters are better depends on the mobility interruption time (MIT). If the MIT is large, the HO mechanism filtering out the effect of shadowing and not trying an HO is preferable. On the contrary, if the MIT is small, an HO to the best cell exploiting the shadowing can be beneficial to the best cell association and the system throughput. Therefore, the MIT should also be regarded as an HO performance metric.
Observation 5: There is another trade-off between the average spectral efficiency and the PP.

Proposal 5: RAN2 is requested to include the MIT in the HO performance metrics to assess an HO algorithm.

3. Conclusion
Observation 1: CHO can reduce both HOF and PP simultaneously and solve the trade-off between them.
Observation 2: A CHO variant without TTT which uses a delta to offset used in the HOP event as the HOE event can be more effective and intuitively easier to control the HO parameters to get better performance.
Observation 3: Only HOF rate, PP rate, and connection outage probability are not sufficient to evaluate the optimality of an HO algorithm.

Observation 4: DL HO signalling transmissions in the CHO are a bit more than in LTE, but DL HO signalling retransmissions in LTE are tremendously more than in the CHO.

Observation 5: There is another trade-off between the average spectral efficiency and the PP.

Based on the discussion in Section 2, we propose the following:
Proposal 1: RAN2 is requested to introduce conditional handover to improve the mobility robustness.
Proposal 2: RAN2 is requested to evaluate the performance of CHO including a CHO variant without TTT.
Proposal 3: RAN2 is requested to discuss and define new HO performance metrics to assess an HO algorithm.

Proposal 4: RAN2 is requested to consider not only transmissions but also retransmissions of HO command to measure the HO signalling overhead.

Proposal 5: RAN2 is requested to include the MIT in the HO performance metrics to assess an HO algorithm.
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Annex A. Simulation Parameters
	ISD
	500 m

	Distance-dependent path loss 
	TR 36.814 Macro-cell model 1

	Number of sites/sectors
	19/57

	BS Antenna Height
	25 m

	BS Antenna gain including Cable loss 
	15 dB

	MS Antenna gain 
	0 dBi

	Shadowing standard deviation 
	8 dB 

	Correlation distance of Shadowing
	25 m

	Shadow correlation
	0.5 between cells / 1 between sectors

	Carrier Frequency / Bandwidth 
	2.0 Ghz / 20 Mhz 

	BS Total TX power 
	46 dBm 

	Qin / Qout
	-6 dB / -8 dB

	T310
	1 sec

	T312
	100 msec
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