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1. Introduction

According to European regulatory requirements [1], two possible listen-before-talk (LBT) mechanisms have been discussed in the study item for Licensed Assisted Access to unlicensed spectrum (LAA), i.e., frame-based equipment (FBE)-based mechanism and load-based equipment (LBE)-based mechanism.
At the RAN1#80 meeting, following four categories on the channel access scheme were agreed in order to classify coexistence evaluation results [2].
· 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

At the RAN1 LAA ad-hoc meeting, following agreements regarding LBT design target were made [3].

· Enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design

· Above should be taken into account for design of LBT

Regarding the possible options for frequency reuse, following conclusions were made at the RAN1#80bis meeting [4].

· At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
1. CCA threshold adaptation

2. Tx start timing alignment

3. Signal subtraction from ED or modified ED
4. Combination of those options or other alternatives is not precluded.

In this contribution, we provide our views on LBT for LAA DL according to the evaluation results presented before now. In addition, we also provide our views on possible mechanisms enabling improved frequency reuse for LAA DL.
2. Views on LBT mechanisms for LAA DL
According to the evaluation results and corresponding findings [5-7], DL only LAA with any of the LBT categories 2/3/4 can basically ensure less impact on the coexisting Wi-Fi performance than that from another Wi-Fi aggressor in agreed evaluation scenarios when LAA with LBT mechanism applies appropriate settings/parameters. In addition, even if a kind of worst case for coexistence (e.g., full buffer traffic) is assumed, LBT categories 3 or 4, i.e., LBE-based LBT mechanism can achieve fair coexistence with Wi-Fi [8]. On the other hand, for LBT category 2, i.e., FBE-based LBT mechanism, some evaluation results show that FBE-based LBT provides better coexistence performance for both Wi-Fi and LAA than LBE-based LBT in some scenarios while some contributions argue that FBE would cause a coexistence performance degradation or unfairness in some other scenarios. Therefore, to achieve fair coexistence with Wi-Fi in any LAA deployment scenario, we should consider LBE-based LBT mechanism as a baseline of LBT mechanism for LAA DL. In addition, since the appropriate contention window (CW) size for good coexistence would be dependent on the deployment scenario and congestion situation, LBT category 4 which allows variable CW size is preferable rather than LBT category 3. As in the agreed working assumption on LBT category 4 [4], the trigger and the rate for adapting the size of the CW should be FFS. At least, CW size adaptation based on one ACK/NACK from one UE (similar to Wi-Fi) might not be a good design. The UE may report NACK even in an isolated single cell scenario, and it should be dealt with HARQ operation in general rather than the CW size increase.
RAN1 has already agreed that enabling frequency reuse transmission among LAA cells within the same operator is one target of LAA design. As argued above, thanks to the gain from frequency reuse transmission, FBE-based LAA DL transmission can provide clearly better coexistence performance than LBE-based LAA DL transmission at least in some scenarios. It also means that unless introducing a certain mechanism or coordination enabling frequency reuse transmission in LBE-based mechanism, basically LBE-based DL transmission cannot enable frequency reuse transmission. Therefore, besides the baseline LBT mechanism, i.e., LBT category 4, a mechanism to enable the improved frequency reuse for LAA DL transmission should be supported.
Proposal 1: To achieve fair coexistence with other systems including Wi-Fi in any deployment scenario, LBT category 4 should be considered as a baseline design of the LBT mechanism for LAA DL.
Proposal 2: Besides the baseline LBT mechanism, a mechanism to enable improved frequency reuse for LAA DL should be supported.

3. Views on mechanisms enabling improved frequency reuse for LAA DL
As introduced in Section 1, several possible options to enable improved frequency reuse for LBE-based LAA DL transmission were identified at the RAN1#80bis meeting. For each option, we should consider whether the option can comply with the regulatory requirements and possible drawback/concern of the option. For example, in case of certain deployment scenario as shown in Fig. 3-1, it is beneficial if the mechanism enables improved frequency reuse between eNB#1 and eNB#2 while the mechanism at eNB#3 does not cause a negative impact on the coexisting with neighbor operator/system.
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Fig. 3-1: Example of LAA deployment scenario

· CCA threshold adaptation
In ETSI regulatory requirements [1], it is specified that CCA threshold level (TL) shall be proportional to the maximum transmit power. This is because that basically the transmission with higher transmit power should be careful about the potential impact to surrounding systems and hence it should apply lower CCA TL. According to the evaluation results, if a certain CCA TL which complies with above ETSI requirement is applied to LBE-based LAA DL transmission, it may not provide a sufficient gain of frequency reuse. Therefore, for this option, at least ETSI regulatory requirements on CCA TL need to be modified. If it is modified, this option should avoid the significant impact to coexisting systems due to inappropriate adaptation. In the example case shown in Fig. 3-1, each eNB needs to be aware of the presence of neighbor operator/system so that CCA threshold adaptation is applied only when there is no transmission from such neighbor operator/system.
· Tx start timing alignment
In order to align Tx start timings of LBE-based LAA DL transmission, basically the start timings of CCA and the back-off counter value need to be aligned among LAA cells. However, the interference condition, i.e., CCA ED result of different LAA cell would be different due to the different location. Therefore, periodic re-synchronization/coordination may be necessary. Otherwise, once the back-off counter of a certain eNB becomes misaligned with that of other eNBs, the eNB can never join improved frequency reuse transmission with others. In the example case shown in Fig. 3-1, back-off counter of eNB#3 may become misaligned with that of eNB#1 and #2 due to transmission from another operator/system. This is a reasonable behavior since eNB#3 can avoid the negative impact to the coexistence while eNB#1 and eNB#2 can achieve the gain from improved frequency reuse. This option does not offend regulatory requirements.
· Signal subtraction from ED
This option requires identifying intra-operator interference and estimating its energy accurately. Assuming that time duration of each CCA slot is several microseconds or several tens of microseconds, the feasibility and accuracy of the intra-operator interference identification within such short time would be problematic. Although pass-loss between intra-operator cells could be estimated beforehand, each eNB needs to check the presence of actual transmission from each neighbor cell. Checking this within above short time would also be problematic.
· Modified ED
One example of modified ED is to perform channel sensing on some subcarriers/PRBs according to the operator-specific pattern as proposed in [9]. As described in [9], this option requires additional overhead for the transmission with operator-specific muting pattern and would increase the ED complexity.
According to the above discussion, we think that the option of Tx start timing alignment based on synchronization and back-off counter coordination is the most appropriate one in terms of feasibility and compliance with regulatory requirements. In addition, as argued above, periodic re-synchronization/coordination timing may need to be pre-determined among eNBs so that the improved frequency reuse can resume after the interruption at a certain eNB. The periodicity for this re-synchronization timing could be several tens or hundreds of milliseconds since in the appropriate scenario for frequency reuse the misalignment due to the interruption at a certain eNB may not occur so frequently. For example, periodic DMTC window for DRS transmission can be used for this re-synchronization timing as shown in Fig. 3-2.
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Fig. 3-2: Example of frequency reuse transmission based on periodic re-synchronization
In order to achieve more efficient LAA DL transmission in appropriate scenario for frequency reuse transmission, we can consider mixing the periodic FBE-based transmission with LBE-based transmission or adjusting some parameters in LBE-based LBT mechanism. For example, when there is no neighbor operator/system on the carrier, eNBs of the same operator can apply FBE-like LBT mechanism for DL transmission. Enabling initial CCA for all LBE-based transmission or minimizing CW size may also be a possible way to achieve such the efficient LAA DL transmission. For the adaptation of the LBT mechanism and corresponding parameters, accurate estimation of interference from surrounding operator/system seems important.
Proposal 3: Inserting periodic timings to resynchronize CCA timing and back-off counter among intra-operator cells can be considered as the candidate mechanisms to enable improved frequency reuse for LAA DL transmission.
4. Conclusion 

In this contribution, we provided our views on LBT for LAA DL according to the evaluation results presented before now. In addition, our views on possible mechanisms enabling improved frequency reuse for LAA DL were also provided.

Our proposals are summarized below.
Proposal 1: To achieve fair coexistence with other systems including Wi-Fi in any deployment scenario, LBT category 4 should be considered as a baseline design of the LBT mechanism for LAA DL.

Proposal 2: Besides the baseline LBT mechanism, a mechanism to enable improved frequency reuse for LAA DL should be supported.

Proposal 3: Inserting periodic timings to resynchronize CCA timing and back-off counter among intra-operator cells can be considered as the candidate mechanisms to enable improved frequency reuse for LAA DL transmission.
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