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1. Introduction
In RAN1#80, it was agreed to classify the evaluated LBT schemes according to following categories:

Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window

Note: Contention window is the maximum possible random back-off value
Note: Category classification does not restrict a LBT design investigation

During the RAN1#80bis, details on LBT category 4 for LAA DL transmission were discussed and following working assumptions were made:
Working assumptions:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:

· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots

· The value of X and Y is a configurable parameter

· FFS: which trigger and rate for adapting the size of the contention window

· Consider minimum ECCA slot size smaller than 20 µs

· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)

· FFS: Conditions under which initial CCA is used

· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle

· FFS: Continuing count down during defer period

· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 

· FFS: A defer period configured to be zero.

· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants

· FFS: Relationship, if any, between contention window and maximum channel occupancy?

· Discuss the values of all the above parameters at RAN1#81

· FFS: Applicability of this to DRS

· Adaptability of the energy detection threshold can be applied

· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above
In this contribution, we provide further discussions on LBT for LAA DL transmission to ensure fair coexistence with Wi-Fi and LAA.
2. Channel access schemes for LAA DL transmission
According to European regulatory requirements, two types of channel access mechanisms (i.e. FBE and LBE) for LAA have been discussed [2]. In the following subsections, we discuss further details and enhancements on channel access mechanisms based on LBE and FBE, respectively.
2.1 LAA based on Load Based Equipment (LBE)
LBE can operate channel sensing on continuous CCA slots. Therefore, it could be more adaptive to change of load of a channel than FBE where channel sensing is performed in a fixed duration (e.g. 20 µs) in a periodic manner. In addition, since Wi-Fi applies the channel access mechanism following LBE, LBE could provide a better channel access for LAA than FBE when co-existing with Wi-Fi. However, LBE can operate channel sensing on continuous CCA slots, the transmitter may occupy the channel in the middle of a subframe. Therefore, it was agreed that a signal can be transmitted by eNB to reserve the channel until the next subframe boundary. Since the duration of transmitting the signal should be included in the channel occupancy time, overhead for channel reservation cannot be neglected, especially for Japan the maximum channel occupancy time is 4ms. Therefore, overhead to reserve the channel until the next subframe boundary should be minimized. In RAN1 ad-hoc meeting, it was agreed that LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT. Therefore, depending on utilization of partial subframe, efficiency for LAA could be increased. The details on utilization of partial subframe could be found in our companion contribution [4].

However, since the receiver cannot estimate availability of the channel in advance, signal or PDSCH transmission in partial subframe would increase receiver complexity and power consumption to blindly detect the transmission in the partial subframe. Therefore, receiver complexity and power consumption required to detect the transmission in partial subframe should be taken into account.
Observation 1:

· Receiver complexity and power consumption required to detect the transmission  in partial subframe should be taken into account
2.1.1 Enhancements for fair coexistence with WiFi
Though LBE performs better than FBE, Wi-Fi performance may be degraded due to unfair access schemes. LBE options, category 3 and 4, are investigated from the Wi-Fi coexistence perspective.
LBE category 3: back-off parameters configuration
LBE category 3 performs random back-off with the fixed size of CW. We can further consider design options to provide fair coexistence to LBE category 3, such as CCA threshold value, defer period, or etc. When CCA threshold value is decreased from the fixed upper bound, LAA operates LBE more gently to Wi-Fi. Longer defer period can provide the protection of Wi-Fi ACK signal as well as more access opportunity to Wi-Fi. How eNB measure the congestion with Wi-Fi for adaptation and provide fair coexistence needs further studies.
LBE category 4: triggering condition for variable contention window

In the last meeting, it was agreed for LBE category 4 that the size of the LAA contention window (CW) can be variable via dynamic exponential backoff or semi-static backoff between the configured intervals. For variable CW size, several options can be considered as a triggering condition. For example, the CW can be adapted based on the LBE Option A as defined in EN 301 893 V1.8.0. Although the triggering condition for this option is clearly defined, where the CW is doubled up to 1024 if it is failed to find N unoccupied ECCA slots during defined observation period, it may result in different channel access opportunity between LAA and Wi-Fi. Another example is that the CW size is varied based on an estimate of the channel congestion level, e.g. based on ACKs/NACKs to the LAA transport blocks. However, LAA can multiplex numbers of UEs in a subframe, further study is needed for how ACK/NACK-based triggering works in LAA. One simple  but conservative example is that once the eNB receives any NACK for any UEs scheduled in the channel occupancy time, the CW can be increased for the next ECCA. Another example is to use the predefined ratio (or the number) of ACKs/NACKs for a predefined duration as a triggering condition to adapt the size of CW. Although it could minimize multiuser scheduling impacts to some extent, it is hard to define the optimal threshold for triggering.
In addition, in case of ACK/NACK-based triggering, the updated CW based on the ACK/NACK for the previous transmission may not be applied for the next ECCA check because eNB may receive part of HARQ feedbacks for the previous DL burst after ECCA check for the next DL burst. Furthermore, it is also considered that how to support LAA to be reuse 1 based on ACK/NACK-based triggering. Since the CW size of each cell is varied according to ACK/NACK for each LAA cell, it would increase difficulties of supporting LAA reuse 1. Therefore, if variable CW triggered based on ACK/NACK is considered for LAA LBT scheme, further study is required to address LTE-specific features.

Observation 2: 

· If fixed contention window is adopted for LAA LBT scheme, further study is required from the measurement and coexistence perspectives.
· If variable contention window triggered based on ACK/NACK is considered for LAA LBT scheme, further study is required to address LTE-specific features (e.g. multiuser scheduling, HARQ feedback delay, frequency reuse, etc.).
2.1.2 Different LBT configuration for different channels/signals
As discussed in detail in [3], one major difference from the scenarios considered when designing DRS in Rel-12 is that the LBT operation on the unlicensed spectrum makes strictly periodic transmission of the DRS not always possible. However, it is still important to support efficient RRM procedures that can meet RRM measurement performance requirements. Due to the properties of the DRS design, namely the short duration and support for multiplexing of the transmissions serving and neighboring cells within the measurement window, the LBT design for DRS transmissions is one example where a different LBT design/configuration may be considered relative to the design used by the data transmissions. 

In addition, since DRS transmission is subject to RRM performance requirements, exponential backoff mechanisms may not be suitable since it can lead to large variability in the transmission timing depending on the system load. Instead, fixed contention window, or linearly scaling the backoff and enforcing a maximum value on the backoff counter could be utilized to restrict potential DRS transmission within the measurement window. When data and DRS need to be transmitted, the eNB can multiplex them in a single ON duration.
Observation 3:

· To support efficient RRM for LAA, different LBT design/configuration for DRS transmissions relative to the design used by the data transmissions should be further studied.
2.2 LAA based on Frame Based Equipment (FBE)
As discussed in [2], the main benefit of FBE is that simultaneous transmissions from the synchronized cells (reuse of one) can be naturally achieved if energy from WiFi is not detected (i.e. without violating LBT requirement). However, it is well known that in the case of asynchronous LAA network (e.g. multi-operator deployment), biased channel access favoring one cell can occur if the CCA slot of one cell always coincides in the transmission period of another nearby cell, as shown in Figure 1.
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Figure 1: Biased channel access favouring Cell 1 (Operator 1)
There can be several ways to resolve this issue for multi-operator scenario, including:

1. Inter-operator channel avoidance, i.e. eNodeB of operator 2 avoids selecting the same channel as operator 1.

2. Modified FBE channel access mechanism to randomize channel access among operators or asynchronous cells.
3. Inter-operator coordination over X2. 
Figure 2 shows one example of modified FBE for resolving the biased channel access in FBE-based LAA. This method operates as follows. LAA eNB chooses a random number M before accessing the unlicensed channel. Then, the maximum number of the fixed frame periods that eNB can grab before entering “muting” periods is set to M. If eNB grabs the channel for M fixed frame periods, it chooses a random number N and will not access the channel for N fixed frame periods. During such muting periods, neighbour eNBs that have failed to grab the channel due to the biased CCA timing (e.g., cell 2 in Figure 2) can get channel access opportunities so that fairness among multiple eNBs can be improved in FBE-based LAA.
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Figure 2: One example of modified FBE for resolving the biased channel access
Further study is required on the above and other methods to resolve the issue for multi-operator scenario if FBE is adopted for LAA DL.
Observation 4: 

· If FBE is adopted for LAA DL transmission, further study is required to resolve biased channel access issue for multi-operator (asynchronous cells) scenario, e.g. inter-operator channel avoidance, modified FBE channel access mechanism and inter-operator coordination over X2.
3. Conclusions

A summary of our observations on the LAA channel access mechanism issues are as follows:

Observation 1:

· Receiver complexity and power consumption required to detect the transmission  in partial subframe should be taken into account
Observation 2: 

· If fixed contention window is adopted for LAA LBT scheme, further study is required from the measurement and coexistence perspectives.
· If variable contention window triggered based on ACK/NACK is considered for LAA LBT scheme, further study is required to address LTE-specific features (e.g. multiuser scheduling, HARQ feedback delay, frequency reuse, etc.).
Observation 3:

· To support efficient RRM for LAA, different LBT design/configuration for DRS transmissions relative to the design used by the data transmissions should be further studied.
Observation 4: 

· If FBE is adopted for LAA DL transmission, further study is required to resolve biased channel access issue for multi-operator (asynchronous cells) scenario, e.g. inter-operator channel avoidance, modified FBE channel access mechanism and inter-operator coordination over X2.
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