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1. Introduction
In the RAN1#97 meeting, there was a discussion on channel access mechanisms and the following was agreed [1].
	Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis

Agreement:
Select one of the following alternatives for Cat2 LBT in a 16 us gap. 
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold. 



In this contribution, we discuss the alternatives for Cat2 LBT in a 16us gap considering railway applications such as CBTC (communication-based train control).

Discussion

Until now, Wi-Fi is one of the most frequently adopted communication systems for CBTC systems. This is because Wi-Fi does not need a licensed band and many countries had not allocated a licensed band for CBTC systems. For example, Korea government does not allocate a licensed band for railways until November 2014 but allocate a licensed band for LTE-R after developing KRTCS (Korea Radio Train Control System), which is one of CBTC systems. Thus, Wi-Fi has been adopted for CBTC systems in many railway lines in Korea such as DX (New Bundang) line, Incheon Metro Line 2, Busan-Gimhae LRT (Light Rail Transit), Yoning Everline, etc. In addition to that, Seoul LRT Sillim Line has a plan to adopt Wi-Fi for CBTC systems although the Sillim line was designed after the licensed band for LTE-R was allocated. This is because railway operators usually want to use a verified system which implies a widely used system before.
Although Wi-Fi is primarily adopted for CBTC systems, it could have a medium access problem due to LBT (Listen Before Talk) process. LBT process may not cause a problem when CBTC systems with Wi-Fi are used for subways since subway lines are isolated. However, it could cause a problem as shown in figure 1 when CBTC systems with Wi-Fi are adopted for ground railways since private or operator-installed Wi-Fi/NR-U APs could have an impact on the medium access of vehicle on-board devices and wayside APs of CBTC systems. In Korea, Busan-Gimhae LRT, Yoning Everline, and a part of Incheon Metro Line 2 are ground railways. Even if the probability of the medium access problem event is low, it cannot be ignored for railway safety. If NR-U devices have a higher medium probability than Wi-Fi devices, it means that the probability of the medium access problem will increase. Thus, it would be desirable not to make the medium access probability of NR-U devices higher than that of Wi-Fi devices.
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Figure 1. Contention-based medium access between Wi-Fi for CBTC and private Wi-Fi or NR-U APs

On the other hand, NR-U could be a good candidate for future CBTC systems based on NR. Future CBTC systems may require the increase of track capacity, which imposes the decrease of the minimum allowable distance between trains. To decrease the train distance, URLLC is necessary for train control systems to deliver acceleration/deceleration, breaking information simultaneously. In addition to that, NR-U does not require a licensed band. 
Remark: Although NR-U does not support mobility, it can be used for railways without additional standardization in the same manner of Wi-Fi for CBTC. 
If NR-U is used for train control systems, the same issue of Wi-Fi for CBTC of ground railways could arise for NR-U as shown in figure 2. That is, the communication between wayside NR-U AP and on-board NR-U device could be interrupted by private Wi-Fi or NR-U APs. Thus, in this case, it would be beneficial to make NR-U devices and APs for train control have a higher priority than private Wi-Fi or NR-U APs.
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Figure 2. Contention-based medium access between NR-U for CBTC and private Wi-Fi or NR-U APs

Our first preference is that communication systems used for train control have a higher channel access priority than private APs and devices. However, it is difficult to realize so that we also consider our second preference, that one of NR-U and Wi-Fi shouldn’t have a higher priority than the other since we consider both Wi-Fi and NR-U can be used for train control. In this contribution, we will discuss Alt 1-3 of CAT 2 LBT in a 16us gap to meet the fairness between Wi-Fi and NR-U (second preference).
[bookmark: _GoBack]It is controversial to decide which one is the fairest alternative among Alt 1-3 since fairness can be changed by the implementation. If the energy measurement of Wi-Fi is done during the entire duration of the 16 us slot, Alt 2 is the fairest alternative. However, if the energy measurement of Wi-Fi is done during a part of the 16 us slot, Alt 1 or Alt 3 may be the fairest alternative. Here, the measurement duration can be changed by the implementation.
For Cat 2 LBT in the 16 us gap, implementation restrictions of NR-U are higher than that of Wi-Fi because the 16 us gap is divided into two slots of 7us and 9us slots in NR-U but not in Wi-Fi. Thus, if Alt 1 is used for NR-U, the fairness between NR-U and Wi-Fi can be achieved by measuring energy during the last 9 us in the 16 us slot. Otherwise, if Alt 2 is used for NR-U and a Wi-Fi device is doing energy measurement in a portion of 16 us slot, the fairness cannot be achieved by NR-U implementation. Thus, we propose to use Alt 1 for CAT 2 LBT in the 16 us gap.

Proposal 1: We propose to support Alt 1 that energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot.

Conclusion 
In this contribution, we have discussed on Cat 2 LBT. We proposed as follows: 

Proposal 1: We propose to support Alt 1 that energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot.
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