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1
Introduction

The Study Item of Study on Licensed-Assisted Access (LAA) in unlicensed spectrum (RP-141817) was approved at RAN plenary meeting #66 [1]. One objective is to “Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services”. The listen-before-talk (LBT) is identified as a vital feature for fair and friendly operation in the unlicensed spectrum for LAA [2]. Companies made progress to agree on the working assumptions for the LBT category 4 design [3] and for category 4 channel access scheme [4] for LAA in RAN1#80bis meeting. However, there are still several parameters & design options that are open and FFS in [3] and [4]. In this contribution, we designed the LBT Category 4 for LAA downlink based on the newly agreed working assumptions and the simulation studies conducted in the companion contributions [5] and [6].
2
Discussion on LBT Category 4 Design
The LBT category 4 design is based on the newly agreed assumptions in [3] and [4]. However, there are still several parameters and design options that are open and FFS in [3] and [4]. In this section, we provided our design choices for the open items individually. We largely followed the Wi-Fi 802.11ac channel access scheme EDCA [7] to make design choices for the open items in order to ensure that LAA can have the fair coexistence with Wi-Fi.
2.1 Dynamic exponential backoff vs Semi-static backoff
The LBT category 4 design uses the dynamic exponential backoff similar as Wi-Fi. In the evaluation scenario, LAA delivers the best effort traffic data. Hence, we selected the LBT contention window variation range same as the Wi-Fi best effort access category (AC_BE). That is the minimum contention window (CW) is CWmin = 15 and the maximum CW is CWmax = 1023. The CCA slot time is 9us that is same as Wi-Fi too. The random backoff count is selected as a pseudo-random integer drawn from a uniform distribution over the interval [0, CW]. The CW parameter takes the initial value CWmin and effectively doubles if the latest received HARQ feedback is NACK. If the CW reaches CWmax it remains at that value until it is reset. The CW is reset to CWmin if the latest received HARQ feedback is ACK. We chose the dynamic exponential backoff for LBT category 4 design because it has been widely used by Wi-Fi. Our simulation studies [5] and [6] showed the dynamic exponential backoff could work well. The similar approach was also used in [8]. On the other hand, the semi-static backoff scheme is not defined yet and will be totally new. It needs to go through a lot of testing and verification in both simulations and field deployment to prove that it is a robust mechanism.
Proposal 1: LAA LBT Category 4 design should adopt the field proven dynamic exponential backoff technique instead of the semi-static backoff technique. The minimum contention window (CW) is CWmin = 15 and the maximum CW is CWmax = 1023 for the best effort type of traffic. The CCA slot time is 9us. The CW adaptation triggering mechanism is based on the latest received HARQ feedback.
2.2. Initial CCA (ICCA) period and extended CCA (ECCA) defer period
The LBT category 4 design uses the 43us for the ICCA period and ECCA defer period. The periods’ duration matches with the Wi-Fi AC_BE initial defer period since LAA delivers the best effort type traffic in the simulations. Wi-Fi uses the different initial defer periods to prioritize different QoS accesses. For example, Wi-Fi uses AIFS = 43us for AC_BE. For LAA to deliver the best effort type traffic it should use the same duration for ICCA and ECCA defer periods in order to ensure the fair channel access. Wi-Fi also uses the initial defer period to protect the ACK. Hence, ICCA period and ECCA defer periods should be always used. The simulation studies in [5] and [6] showed that the ICCA and ECCA defer periods were important design parameters for Cat 4 LBT. Reducing the periods below 43us can cause the further degradation of the Wi-Fi performance especially the VoIP outage performance. The ECCA defer period should not be allowed to be configured as zero.
Proposal 2: LAA LBT category 4 design should set 43us for the ICCA period and ECCA defer period for the best effort type traffic. ICCA period and ECCA defer period should be always used. The ECCA defer period should not be allowed to be configured as zero.
The random backoff count is used to minimize the collision when multiple stations are waiting for the medium becoming idle in order to transmit data. Hence, the random backoff counter should not continue count down during the ECCA defer period in the LBT category 4 design.
Proposal 3: The random backoff counter should not continue count down during the ECCA defer period in the LBT category 4 design in order to minimize the collision.
2.3. ED threshold

The ED threshold is another import design parameter in the LBT category 4 design. The contributions [5] and [6] 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 [10]. However, the adaptation mechanism is still FFS. In the companion contribution [9], 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 [5] and [6]. 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 4: 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.
2.4. Transmitting and detecting Wi-Fi PHY preamble

In the contributions [5] and [6], 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 5: 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.
2.5. Applicability of LBT to DRS

The LBT should be applied to DRS in order to meet the LBT regulatory requirements such as in Japan
. It should be noted that in Wi-Fi, some response messages can be transmitted without LBT such as ACK, but these response messages are protected by the network allocation vector (NAV). Hence, Wi-Fi uses the NAV function to reserve the medium for the response messages. LAA does not have the NAV concept.

For Wi-Fi, the initiator of a data transmission needs to do LBT before it can grab the channel. The LAA DRS transmission is from the data initiator and is not a response message, and therefore, LBT is required before DRS transmission. In addition, the DRS contains at least several OFDM symbols that are much longer than the typical ACK packet in Wi-Fi. Hence, the category 4 LBT applies to DRS but its LBT parameters can have different values compared with the parameters for the best effort type traffic to provide some higher priority to DRS.

Proposal 6: The category 4 LBT should be applied to DRS but its LBT parameters can have different values compared with the parameters for the best effort type traffic to provide some higher priority to DRS.
2.6. Category 4 LBT algorithm diagram

The following diagram shows the flowchart of the category 4 LBT algorithm.
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Figure 1 LAA category 4 LBT algorithm diagram

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: LAA LBT Category 4 design should adopt the field proven dynamic exponential backoff technique instead of the semi-static backoff technique. The minimum contention window (CW) is CWmin = 15 and the maximum CW is CWmax = 1023 for the best effort type of traffic. The CCA slot time is 9us. The CW adaptation triggering mechanism is based on the latest received HARQ feedback.
Proposal 2: LAA LBT category 4 design should set 43us for the ICCA period and ECCA defer period for the best effort type traffic. ICCA period and ECCA defer period should be always used. The ECCA defer period should not be allowed to be configured as zero.
Proposal 3: The random backoff counter should not continue count down during the ECCA defer period in the LBT category 4 design in order to minimize the collision.
Proposal 4: 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 5: 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 6: The category 4 LBT should be applied to DRS but its LBT parameters can have different values compared with the parameters for the best effort type traffic to provide some higher priority to DRS.
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