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Discussion and Decision
1. Introduction 
Basic handover (HO) in NR is based on LTE Rel-13 HO. However, basic HO fails to meet 5G requirements in terms of the mobility robustness, especially in URLLC scenario [1], high speed scenario [2], and higher frequency scenario [3].
It is common understanding that conditional handover (CHO) is a promising solution for improving the mobility robustness. In this contribution, we discuss the competitiveness of CHO and express our views regarding ‘baseline HO’ in NR.
2. Discussion
2.1. The trade-off between HOF and PP

Fig. 1 shows a calculated RSRP from two macro cells with ISD of 500m. In LTE HO, one integrated HO event (e.g., A3 offset with TTT) is used for both HO preparation and HO execution. The HO failure (HOF) rate and ping-pong (PP) rate are used to assess an HO algorithm because there is the trade-off between them. If an HO parameter of smaller HO margin or shorter TTT is selected to trigger an HO early (i.e., the point A~D in Fig. 1), the HOF rate can be decreased, whereas the PP rate increases. On the contrary, if an HO parameter of bigger HO margin or longer TTT is selected to trigger an HO late (i.e., the point F~I in Fig. 1), the PP rate can be decreased, whereas the HOF rate increases. Therefore, the optimization goal is to find HO parameters which result in the lowest HOF rate with an endurable PP rate. In other words, we need to determine the one point (e.g., the point F) on the horizontal axis in Fig. 1. We assume that the point E (i.e., A3 3 dB) is the point of HO trigger, and the point F (i.e., A3 5 dB) as the optimal point of an HO execution. To align the time point of HO execution with the optimal point, HO parameters (i.e., A3 offset or TTT) should be intricately adjusted based on the UE speed, the size of HO region, the UE location, the angle or direction of the UE’s trajectory and so on.
Observation 1: In basic HO, there is the trade-off between HOF and PP and the optimization is an intricate problem.
In CHO, an HO event can be split into an HO preparation (HOP) event and an HO execution (HOE) event. In other words, we can decide two independent points on the horizontal axis in Fig. 1, and it means there is more room to control the HO parameters to meet diverse requirements in different scenarios. Furthermore, if the HO parameters for these two events are properly set, the trade-off between HOF and PP can be solved. An extreme CHO algorithm, where the HOP event as the point A and the HOE event as the point I, can achieve zero HOF rate and zero PP rate simultaneously. However, as a paper [4] pointed out, it may induce outage in the serving cell and the paper proposed the connection outage probability as an additional HO performance metric. A tactful CHO variant which uses an outage event (i.e., the point H) as the HOE event may achieve zero connection outage probability without sacrificing the HOF rate or the PP rate.
Observation 2: CHO can solve the trade-off between them and there is more room to control the HO parameters to meet diverse requirements in different scenarios.
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Figure 1. HOP/HOE events in a handover scenario

2.2. eMBB Scenario

In eMBB scenario, the average spectral efficiency (ASE) or user throughput can be regarded as an important HO performance metric, or even the most important one. Therefore, we can decide the HOP event as one point between C and E, and the HOE event as one point between D and F, based on the UE speed, considering the trade-off between the ASE and the PP, and the trade-off between the number of HO preparations and the reliability. From our companion paper on the simulation results on CHO [5], it can be observed that CHO outperforms basic HO in terms of above two trade-offs. Case 3 (i.e., a CHO variant) shows a much better performance in all metrics excluding “HO preparations per sec” metric than case 1 (i.e., LTE Set 4) and 2 (i.e., LTE Set 3). The higher “HO preparations per sec” metric in case 3 should be considered as the cost for adding reliability as stated in that paper.
Observation 3: In eMBB scenario, CHO outperforms basic HO.
2.3. URLLC scenario

In URLLC scenario, the HOF rate, outage, and the mobility interruption time (MIT) can be regarded as an important HO performance metric. If the reliability requirement is tighter (e.g., five nines and beyond), zero HOF may be achieved by selecting the HOP event as one point between B and E. It can also increase “HO preparations per sec” metric, but it should be considered as the cost for adding reliability again. If the reliability requirement is less tight (e.g., four nines), the HOP event may be selected as one point between C and E, considering the trade-off between the number of HO preparations and the reliability. Also, we can decide the HOE event as one point between D and F, based on the UE speed, considering the trade-off between the ASE and the PP. From our companion paper on the simulation results on CHO [5], it can be observed that CHO outperforms basic HO in terms of the trade-off. Case 10 (i.e., a CHO variant) shows a much better performance in all metrics excluding the ASE metric than case 9 (i.e., LTE Set 5). The ASE in case 9 is only 1.5% higher than case 10, but the MIT in case 9 is much higher than case 10 due to more HOs, three times more, from Table 2 [5].
Observation 4: In URLLC scenario, CHO outperforms basic HO and the basic HO fails to meet 5G URLLC requirement.
2.4. High speed scenario
In unidirectional SFN deployment in high speed scenario, it is very challenging for the UE to successfully receive the HO command since the UE loses connection to the serving cell before having had a chance to receive the HO command due to too short size of HO region [6]. In CHO, we can decide the HOP event as the point A, and the HOE event as the point D as shown in Fig. 2. If the validity of an HO preparation is long enough, whether the point A or C is used as the HOP event, “HO preparations per sec” metric may not vary much. It is because the number of neighbour cell is only one in most cases and the pre-defined route can be exploited, in high speed scenario.
Observation 5: In high speed scenario, CHO outperforms basic HO and the basic HO fails to meet 5G mobility requirement.
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Figure 2. HOP/HOE events in a high speed scenario
2.5. mMTC scenario

In mMTC scenario, the mobility is not an important requirement, but rather measurement and HO signalling can increase the power consumption and the cost of mMTC device and complicate the HO procedure. Therefore, a simplified HO procedure is needed where there is no dedicated signalling for measurement report and HO control and UE-based mobility is used. In CHO, we can decide the HOP event as the point I, and the HOE event as the point H in Fig. 1, earlier than the HOP event. Then, if UE-based mobility is used, an mMTC device can execute an HO before an RLF occurs without any measurement report and HO control.
Observation 6: In mMTC scenario, CHO can execute an HO before an RLF occurs without any measurement report or HO control.
2.6. Comprehensive Handover
As discussed above, CHO is more comprehensive than basic HO. Furthermore, if the HOE event is used the same event as the HOP event, CHO can operate identically to basic HO.
Observation 7: CHO is more comprehensive than basic HO and if the same HOP and HOE events are used, CHO can operate identically to basic HO.

3. Conclusion
Observation 1: In basic HO, there is the trade-off between HOF and PP and the optimization is an intricate problem.
Observation 2: CHO can solve the trade-off between them and there is more room to control the HO parameters to meet diverse requirements in different scenarios.
Observation 3: In eMBB scenario, CHO outperforms basic HO.
Observation 4: In URLLC scenario, CHO outperforms basic HO and the basic HO fails to meet 5G URLLC requirement.

Observation 5: In high speed scenario, CHO outperforms basic HO and the basic HO fails to meet 5G mobility requirement.

Observation 6: In mMTC scenario, CHO can execute an HO before an RLF occurs without any measurement report or HO control.
Observation 7: CHO is more comprehensive than basic HO and if the same HOP and HOE events are used, CHO can operate identically to basic HO.

Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to consider conditional handover as the baseline handover in NR.
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