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1
Introduction

The Work Item on LAA in unlicensed spectrum (RP-151045) was approved at RAN plenary meeting #68 [9]. One objective of the LAA WI is to specify support for LAA SCells operating with only DL transmissions. Based on the outcomes of the LAA Study Item [1], the listen-before-talk (LBT) is identified as a vital feature for fair and friendly operation in the unlicensed spectrum for LAA [2]. Companies have made progress to agree on some aspects of the LBT category 4 design for LAA DL in RAN1#82bis meeting. However, there are still several remained issues for the LBT design. In this contribution, we discussed the issues respectively.
2
Discussion on LBT Category 4 Design
The LBT category 4 design is based on the new agreements in [2]. However, there are still several parameters and design options that are open. In this section, we provided our design choices for the open items individually.
2.1. ED threshold

The ED threshold is another important design parameter in the LBT category 4 design. The contributions [3] and [4] have shown that the LAA using the LBT with exponential backoff window still could not achieve the fair coexistence with Wi-Fi in terms of both best effort data UPT and VoIP outage performance just using CCA-ED=-62dBm. Lowering the ED threshold below -62dBm for LAA LBT can improve the Wi-Fi performance. The ED thresholds -77dBm and -82dBm can make LAA achieve the fair coexistence with Wi-Fi in the indoor scenario test.
It was agreed that LAA supports a mechanism to adaptively lower the ED threshold from an upper bound in order to achieve the fair coexistence with Wi-Fi [6]. However, the adaptation mechanism is still FFS. In [7], we listed several potential alternatives for the ED threshold adaptation for LAA LBT. We tested one adaptation option that decodes the Wi-Fi preamble to achieve the lower carrier sense CCA threshold for the Wi-Fi packet duration in the contributions [3] and [4]. The simulation results show that LAA LBT with exponential backoff window and with Wi-Fi PHY preamble detection can achieve the better Wi-Fi coexistence performance than the LAA LBT with ED only and at the same ED threshold level. Detecting Wi-Fi PHY preamble can be more effective than reducing the LAA LBT ED threshold to protect the Wi-Fi performance especially the VoIP outage performance. LAA LBT with Wi-Fi PHY preamble detection can achieve the fair coexistence with Wi-Fi at ED=-62dBm. Lowering the LAA LBT ED threshold combined with the Wi-Fi preamble detection can improve the Wi-Fi performance further.
Proposal 1: It is recommended that the LBT category 4 design to use the Wi-Fi PHY preamble detection as one option to adaptively lower ED threshold. Without the Wi-Fi PHY preamble detection, LBT category 4 needs to be set at least ED = -77dBm in order to ensure the fair coexistence with Wi-Fi in the indoor scenario.
2.2. Transmitting and detecting Wi-Fi PHY preamble

In the contributions [3] and [4], we also provided the simulation results for the LBT category 4 design that incorporates transmitting and detecting Wi-Fi PHY preamble. The simulation results show that Transmitting Wi-Fi PHY preamble not only improves the Wi-Fi performance but also improves the LAA performance significantly. This is because transmitting Wi-Fi preamble allows the Wi-Fi node to do CCA-CS with the lower threshold for LAA signals so that Wi-Fi does backoff more often. Consequently, it can reduce the collision rate for LAA signals. LAA LBT with exponential backoff window plus transmitting and detecting Wi-Fi PHY preamble can achieve the fair coexistence with Wi-Fi at ED=-62dBm. 
Proposal 2: It is recommended that the LBT category 4 design incorporates both transmitting and detecting the Wi-Fi PHY preamble in order to improve both LAA and Wi-Fi coexistence performance.
2.3. CCA reciprocity between Wi-Fi and LAA

In the RAN1#82 meeting discussion, there were some arguments by the LAA proponents that it is not fair for the LAA to use the ED threshold lower than -62dBm since Wi-Fi will only detect LAA signal and then back off at energy level -62dBm or above. Hence, they claimed the ED treatments between LAA and Wi-Fi is not reciprocal if the LAA uses the lower ED threshold. However, we would like to point out that Wi-Fi also uses the preamble detection as the extra mechanism to do the CCA and backoff between Wi-Fi nodes. To make the CCA reciprocal between the two systems, the simplest and best way is to let LAA LBT category 4 design incorporate both transmitting and detecting the Wi-Fi PHY preamble from the pure technical point of view. In addition, the approach can achieve the best performance for both systems. Hence, the LAA DL LBT design has the technical solution to make the CCA reciprocal between Wi-Fi and LAA.
Proposal 3: To make the CCA reciprocal between Wi-Fi and LAA, the simplest and best way is to let LAA LBT category 4 design incorporate both transmitting and detecting the Wi-Fi PHY preamble from the pure technical point of view.
2.4. ED threshold adaptation based on deployment scenario

There is one proposal to adjust the LAA LBT ED threshold based on the indoor and outdoor deployment scenarios. The proposal is to only use the lower threshold than -62dBm in the indoor scenario. The argument is that some companies’ simulation results show that the ED threshold with -62dBm will not have the negative coexistence impact on the Wi-Fi in the outdoor scenario. However, we would like to point it out that the contribution [11] shows that the lower ED threshold than -62dBm is still necessary in order to ensure the fair coexistence with Wi-Fi in the outdoor scenario. In addition, the indoor and outdoor scenarios used by RAN1 are just two specific artificial cases used for the evaluation. There is no clear cut between the indoor and outdoor scenarios in the real world like what we used in the simulation. Hence, it could not ensure the fair coexistence in the real world if we only use the lower ED threshold for the indoor LAA eNBs.
Proposal 4: The ED threshold adaptation should not rely on the deployment scenario.

2.5. ED threshold adaptation based on dynamic Tx power

There is one proposal to adjust the LAA LBT ED threshold based on the dynamic Tx power. However, we would like to point it out that no companies evaluated the ED threshold adaptation based on the dynamic Tx power so far. All the evaluations were done based on the fixed Tx power. We are not certain the impact from the ED threshold adaptation based on the dynamic Tx power on the total system performance since we can have various counter examples to show the scheme can have the negative system performance impact.
Proposal 5: The ED threshold should not be adjusted based on the dynamic Tx power.

3
Conclusions

In this contribution, we have provided the design details about the LAA category 4 LBT algorithm. We made the following proposals for the LAA LBT category 4 design.

Proposal 1: It is recommended that the LBT category 4 design to use the Wi-Fi PHY preamble detection as one option to adaptively lower ED threshold. Without the Wi-Fi PHY preamble detection, LBT category 4 needs to be set at least ED = -77dBm in order to ensure the fair coexistence with Wi-Fi in the indoor scenario.
Proposal 2: It is recommended that the LBT category 4 design incorporates both transmitting and detecting the Wi-Fi PHY preamble in order to improve both LAA and Wi-Fi coexistence performance.
Proposal 3: To make the CCA reciprocal between Wi-Fi and LAA, the simplest and best way is to let LAA LBT category 4 design incorporate both transmitting and detecting the Wi-Fi PHY preamble from the pure technical point of view.
Proposal 4: The ED threshold adaptation should not rely on the deployment scenario.
Proposal 5: The ED threshold should not be adjusted based on the dynamic Tx power.
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