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Discussion and Decision
1. Introduction 
Two open issues with regard to time-to-trigger (TTT) are captured in TS 38.331, as follows:
Editor’s Note: FFS Whether UE speed based TTT scaling (e.g. speedStatePars) is supported in Rel-15 (not applicable for EN-DC).

Editor’s Note: FFS Whether alternative TTT is supported in Rel-15 (not applicable for EN-DC).

In this contribution, we discuss the need for such features in NR with the introduction of conditional handover (CHO) and express our views regarding these FFSs.

2. Discussion
2.1. Conditional Handover without TTT

In LTE handover (HO), the TTT is usually used to avoid a ping-pong (PP) effect. However, a TTT causes an extra HO delay and is one reason for an increase of the HO failure (HOF) rate [1].
In CHO, an HO event can be split into an HO preparation (HOP) event and an HO execution (HOE) event and 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], [3]. It is simpler and intuitively easier to control the HO parameters to get better performance. In CHO, there can be the overlap of functionality between the delta and the TTT. The lower the HO margin of the HOP event or the shorter the TTT, the lower the HOF rate. And, the higher the delta of the HOE event or the longer the TTT, the lower the PP rate. And, we provide simulation results on CHO in detail [2] and some remarkable observations are provided. One of the main findings is that a CHO variant without TTT outperforms a CHO variant with TTT and LTE HO.
Observation 1: In CHO, there can be the overlap of functionality between the delta and the TTT.
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: A CHO variant without TTT outperforms a CHO variant with TTT.
In Section 2.2, we discuss UE speed based TTT scaling and how well a CHO variant without TTT supports various UE speed. And, we discuss alternative TTT and how well a CHO variant without TTT supports various size of HO region in Section 2.3.
2.2. UE speed based TTT scaling

With regard to UE speed based TTT scaling, some papers are submitted in RAN2#101bis. [4] proposed to identify the necessity of introducing the mechanisms for the speed dependent scaling of measurement related parameters and the mobility history reporting by studying the pros and cons of the existing schemes in LTE and the performance of the baseline handover. [5] proposed that speed state based scaling of TTT is not supported and to introduce SINR based scaling of the handover parameters. [6] proposed to adopt for 38.331 the same mechanism like 36.331 for TTT scaling based on UE’s mobility status estimation (MSE).
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. 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 B) on the horizontal axis in Fig. 1. We assume that the point A (i.e., A3 3 dB) is the point of HO trigger, and the point B (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. At 120 km/h, TTT of 480 ms is adequate to align the time point of HO execution at the point B, while at 60 km/h, TTT of 960 ms is. For that reason, in LTE HO, UE speed based TTT scaling feature is supported. However, TTT is need to be tuned based on the UE location or the angle or direction of the UE’s trajectory by reason that for a UE crossing the same cell border at different location or with different angle, the locations of the point A and the point B are different.
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Figure 1. TTT vs. delta in a macro only scenario

On the contrary, in a CHO variant without TTT, we only need to set the HOP event as 3 dB and the delta of the HOE event as 2 dB. Even without TTT, a suppositional ‘time-to-execute’ (TTE), which is the elapsed time from the point of an HO preparation to the point of an HO execution, is automatically well scaled depending on the UE speed. For example in Fig. 1, if the UE’s trajectory goes through the center of two macro cells, the point A is at the point 274.124 m and the point B is at the point 289.997 m. Therefore, the delta of 2 dB has the same effect as the TTT of 476 ms at 120 km/h, the TTT of 952 ms at 60 km/h, and 1,905 ms at 30 km/h, without any UE speed based TTT scaling. Even for a UE crossing the same cell border at different location or with different angle, the locations of the point A and the point B are different, we only need to set the HOP event as 3 dB and the delta of the HOE event as 2 dB and TTE can be well scaled.
Observation 4: In CHO, the delta has the same effect as UE speed based scaled TTT and it is more accurate than UE speed based TTT scaling.

2.3. Alternative TTT

With regard to alternative TTT, some papers are submitted in RAN2#101bis. [7] proposed to discuss whether to specify the alternative TTT in NR in parallel with the discussion on the mobility performance evaluation. [8] proposed to include alternativeTimeToTrigger in NR.
Fig. 2 shows a calculated RSRP from a macro cell and two pico cells with macro-to-pico ISD of 150 m and 250m. The size of HO region can be defined as a distance between a point of HO trigger and a point of PDCCH outage. In macro only case, if the UE’s trajectory goes through the center of two macro cells, the size of HO region is 80.829 m and the distance between the point A and the point B is 15.873 m. On the contrary, in macro-to-pico ISD of 250 m case, if the UE’s trajectory goes through the center of macro cell and pico cell and the direction is to the edge of the macro cell, in macro-to-pico handover, the size of HO region is only 7.128 m and the distance between the point E (i.e., A3 3 dB) and the point F (i.e., A3 5 dB) is 1.624 m. At 120 km/h, in macro only case, TTT of 480 ms is adequate, but in macro-to-pico ISD of 250 m case, an HOF occurs with TTT of 480 ms and the adequate TTT is about 49 ms, as shown in Fig. 2. For that reason, alternative TTT feature was introduced in Rel-12 for HetNet mobility enhancements.
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Figure 2. TTT vs. delta in a HetNet scenario

However, alternative TTT needs to be tuned based on the size of HO region. In macro-to-pico ISD of 150 m case, if the UE’s trajectory goes through the center of macro cell and pico cell and the direction is to the edge of the macro cell, in macro-to-pico handover, the size of HO region is only 5.003 m and the distance between the point C (i.e., A3 3 dB) and the point D (i.e., A3 5 dB) is 1.060 m. At 30 km/h, the adequate TTT is about 127 ms, shorter than the adequate TTT which is 195 ms in macro-to-pico ISD of 250 m case. 
In addition, alternative TTT is need to be tuned based on the direction of UE trajectory. In macro-to-pico ISD of 150 m case, if the UE’s trajectory goes through the center of macro cell and pico cell and the direction is to the center of the macro cell, in macro-to-pico handover, the size of HO region is 5.775 m and the distance between the point X (i.e., A3 3 dB and the opposite side of the point C) and the point Y (i.e., A3 5 dB and the opposite side of the point C) is 1.291 m. At 30 km/h, the adequate TTT is about 155 ms, longer than the adequate TTT in opposite direction trajectory case.

In addition, alternative TTT is need to be tuned based on the angle of UE trajectory. In macro-to-pico ISD of 150 m case, if the UE’s trajectory goes through the center of only pico cell and the position on x-axis is on the line of 150 m, in macro-to-pico handover, the size of HO region is 5.376 m and the distance between the point C (i.e., A3 3 dB) and the point D (i.e., A3 5 dB) is 1.171 m. At 30 km/h, the adequate TTT is about 141 ms. 

On the contrary, in a CHO variant without TTT, we only need to set the HOP event as 3 dB and the delta of the HOE event as 2 dB again. Even without TTT, TTE is automatically well scaled depending on 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. The delta of 2 dB has the same effect as each adequate TTT in above cases, without any alternative TTT. Even for a UE crossing the same cell border at different location or with different angle, the locations of the point C or E and the point D or F are different, we only need to set the HOP event as 3 dB and the delta of the HOE event as 2 dB and TTE can be well scaled.

Observation 5: In CHO, the delta has the same effect as alternative TTT and it is more accurate than alternative TTT.

2.4. Two Problems: Downhill HO & HO to Not Best Target

If TTT is used in an HO, there can be two problems. The first problem is ‘downhill’ HO problem. For example, at 120 km/h, with TTT of 480 ms, the UE can execute an HO to the pico cell, at the point 1 in Fig. 2. The point is where the signal strength of the pico cell is going down a lot from the peak. After a short HO to the pico cell, an HO occurs to the macro cell, it can increase the PP and decrease the average spectral efficiency. On the contrary, in a CHO variant without TTT, there is no ‘downhill’ HO problem because the HOE event is met before the peak.
The second problem is ‘HO to not best target’ problem. Let us assume that there are two candidate target cells (i.e., cell A and cell B), the cell A is 3 dB at t1 and 5 dB at (t1+TTT) better than the serving cell, and the cell B is 1 dB at t1, 3 dB at t2 < (t1+TTT), 6 dB at (t1+TTT), and 7 dB at (t2+TTT) better than the serving cell. Then, the UE may execute an HO to the cell A at (t1+TTT), and the cell A is not best target at (t1+TTT). On the contrary, in a CHO variant without TTT, there is no ‘HO to not best target’ problem because if the HOE event is met for two candidate target cells at (t1+TTT), the UE can select cell B as the best cell at that time and execute an HO to that cell.

Observation 6: In a handover mechanism with TTT, there can be two problems: ‘downhill’ HO problem and “HO to not best target” problem.

In our companion paper [9], we propose that RAN2 is requested to consider conditional handover as the baseline handover for NR. After the introduction of CHO, UE speed based TTT scaling and alternative TTT are less than useless as discussed above. Therefore, we propose to postpone the discussion on two FFSs on TTT after the introduction of CHO.
3. Conclusion
Observation 1: In CHO, there can be the overlap of functionality between the delta and the TTT.
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: A CHO variant without TTT outperforms a CHO variant with TTT.

Observation 4: In CHO, the delta has the same effect as UE speed based scaled TTT and it is more accurate than UE speed based TTT scaling.

Observation 5: In CHO, the delta has the same effect as alternative TTT and it is more accurate than alternative TTT.

Observation 6: In a handover mechanism with TTT, there can be two problems: ‘downhill’ HO problem and “HO to not best target” problem.

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

Proposal 1: We propose to postpone the discussion on two FFSs on TTT after the introduction of CHO.

Proposal 2: RAN2 is requested to study on the overlap of functionality between the delta and the TTT in CHO.
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