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1. Introduction
In the last RAN4 meeting, the new SI on the performance in high speed scenarios started and WFs for possible scenarios were agreed [1, 2]. In this contribution, first, we describe the detail parameters of this scenario in our commercial network based on the agreed WFs [1, 2]. Next, we provide the results of the field trial.
2. Deployment scenario
One of the high speed scenarios described in [1, 2] is a tunnel environment named as “Scenario 2”. First, we described the detail parameters of this scenario in our network based on the agreed WFs [1, 2]. In our network, there are two high speed scenarios described in table 1. In addition, parameters of scenario 2 in our network are provided in table 2.

Table 1: Details of scenario 2 in commercial network

	
	Scenario 2d
	Scenario 2e

	RRHs/RAUs deployment
	RRHs or RAUs are deployed through fiber in a tunnel environment

	Cell ID
	RRHs or RAUs share the same cell id.
	RRHs or RAUs uses the different cell ids.

	Repeaters
	Repeaters are not installed on the carriage.


Table 2: Parameters of scenario 2 in our network

	Parameter 
	Value 

	Carrier Frequency 
	1800MHz and 2100MHz

	RRH Railway track distance (Note 1)
	closest: 1m, farthest: 9m

	Distance between RRHs 
	500m

	RRH height (compared to railway track) 
	lowest position: 2.5m


Note 1: In tunnel scenario, in addition to the case where antennas are deployed on the top of the tunnel, antennas can be deployed on the wall of a tunnel. In this case, the distance between the antenna and the closest railway track to the antenna can be about 1m and the distance between the antenna and the second closest railway track to the antenna can be about 9m. RRH height, however, still can be the same(about 2.5m). 

In the last RAN4 meeting, there are a lot of high speed scenarios. If a scenario can supersede some other scenarios, we need to study only such the scenario. From the view point of this, we share our idea on how narrow down the scope from some specific aspects.

· Carrier frequency
· The higher frequency among the ones proposed by companies should be selected.

· The reason is the higher frequency can cause significant performance degradation due to the Doppler frequency and Doppler shift.
· Distance between RRH
· It would be better to choose the smallest distance among the ones proposed by companies.

· The reason is the smallest distance can cause change of the Doppler shift more frequently. 
· RRH Railway track distance and RRH height, in tunnel scenario
· It should be considered that the deployment where the antennas are deployed on the top of the tunnel along the railway for performance evaluation and RRH height is 6m based on the agreed way forward. 
· The reason is, in addition to the case where antennas are deployed on the top of the tunnel, antennas can be deployed on the wall of a tunnel. Thus, there would be many patterns. An important parameter for studying performance, however,  is the distance between the antenna and UE/Repeater. 
Proposal 1: If we need to narrow down the scenarios, most stringent values should be chosen for each parameters such as carrier frequency, distance between RRH, and so on among the individual similar scenarios and converged.
3. Results of field trial 
Figure 1 shows results of field trials in scenario 2d in which the same cell id is used in a tunnel. The blue dots are RSRP values measured by the UE and the red dots are the timing when RLF occurred. These test results on the UE performance were obtained in a Japanese high speed train, named as Shinkansen, while the Shinkansen was passing through a tunnel. The UE and test point are same in test (a) and (b) but the moving speed of the train is different. The UE only connected in band 1 and is continuously in RRC connected state.
Table 3: parameters of field trial

	
	Test case (a)
	Test case (b)

	Carrier frequency
	Band 1
	Band 1

	Moving speed
	Approximately 265km/h
	Approximately 170 ~ 220km/h
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Figure 1: Results of field trial 

First, we can see from Figure 1 the transitions of RSRP values measured by UE. Since there are multiple antennas but the same cell id is shared in a tunnel, RSRP values repeatedly go up and down. Since test point is same in test (a) and (b) but the moving speed in test (b) is lower than that in test (a), the period of change in test (b) is slower than that in test (a). We can see that although the upper range of RSRP in test (a) and (b) are approximately the same, the values of RSRP in test (a) are lower than that in test (b) when RSRP values dropped. In addition, Figure 1 shows that radio link failures (RLF) frequently occurred in test (a). Especially, they occurred in the points where RSRP values dropped. 

The drop of the RSRP values occurs in the point where the UE passes through the area boundary between the area created by an antenna and the area created by the neighbour antenna. In this point, the significant change of the Doppler shift from the negative value to the positive value occurs. In addition, the more significant change occurs in case (a) than that in case (b) because the moving speed in case (a) is higher than that in case (b). 

Since there are no RLF in test (b), we can consider that these RLFs are caused by the change of the significant Doppler shift. Based on the results of the field trial, there are a scenario specific issue not ensured in the current specification. We, therefore, propose that RAN4 should study the performance in the scenario 2 in this SI.
Proposal 2: RAN4 should be study the performance in the scenario 2 described in [1, 2] in this SI.

4. Conclusion

In this contribution, first, we described the detail parameters of this scenario in our commercial network based on the agreed WFs [1, 2]. Next, we provided the results of the field trial. Our proposals are summarized as below:

Proposal 1: If we need to narrow down the scenarios, most stringent values should be chosen for each parameters such as carrier frequency, distance between RRH, and so on among the individual similar scenarios and converged.
Proposal 2: RAN4 should be study the performance in the scenario 2 described in [1, 2] in this SI.
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