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Discussion/Decision
1 Introduction
In the RAN1 #81 meeting, we discussed the DL LAA SCell Cat. 4 LBT procedure. As a consequence, the flowchart for this was agreed and captured in Section 7.2.1.6 of TR 36.889 V1.0.1 (2015-06) [1].

Furthermore, the following statement was also captured in the same section for the LBT Cat. 4 description.

Initial CCA is performed to transmit a DL transmission burst when the eNB has not transmitted any signal/channel although the random backoff counter reached zero in the backoff procedure.

Let’s simply call the operation described in the above statement “self-deferral”. One of the LAA operations that are affected by the self-deferral is the frequency reuse among LAA eNBs. In the RAN1 ad-hoc meeting, enabling the frequency reuse was identified as a design target and the following statements were captured in TR 36.889.
An LBT procedure applied at different nodes belonging to the same operator may result in these nodes not transmitting on the channel simultaneously. This may not be desirable in some planned operator networks where reuse of the same carrier frequency for simultaneous transmissions by neighbouring nodes can improve performance. It has therefore been identified that enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design and that this aspect should be taken into account in the design of the LBT procedure.
In this contribution, we will point out that the current LBT Cat. 4 flowchart in TR 36.889 supports the self-deferral in an inefficient manner. Then, we will discuss how to modify the current flow chart in order to more efficiently support the self-deferral in the LBT Cat. 4.

2 Problem Statement
In this section, we examine how the self-deferral operates based on the current LBT Cat. 4 flowchart captured in TR 36.889. First of all, let’s review the basic LBT Cat. 4 operation without the self-deferral. The overall procedure can be summarized as follows.

1 eNB performs ICCA when transmission is needed.

1.1 If eNB finds the channel to be clear, it transmits immediately.

1.2 On the other hand, if eNB finds the channel to be busy, it initiates ECCA.

2 eNB performs ECCA using the randomly selected backoff number.
2.1 If eNB finds the channel to be clear, it decreases the backoff counter and continues ECCA.

2.2 If eNB finds the channel to be busy, it waits the clear channel.

2.2.1 If eNB detects the clear channel during the defer period, it continues ECCA.

3 If the backoff counter becomes 0, the eNB transmits.
An example of this procedure is illustrated in Fig. 1, where we assume that one eNB and one Wi-Fi AP co-exist in the unlicensed channel. Through this example, we can easily notice that at most one ICCA and one ECCA are required for one transmission if the self-deferral is not performed.
Observation 1: If eNB does not perform the self-deferral, at most one ICCA and one ECCA are required for one channel access (i.e., one transmission).
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Figure 1 Normal operation of LBT Cat. 4
Next, let’s investigate the situation where eNB performs the self-deferral after the backoff counter becomes 0. Then, under the consideration of the current LBT Cat. 4 flowchart shown in Appendix, Step 3 is changed as follows.

3 If the backoff counter becomes 0 and eNB decides the self-deferral, eNB waits until transmission is needed.

3.1 When eNB needs transmission, it performs Step 1 (and Step 2 if required) again.

We need to consider the above Step 3.1 as two separate cases.
· Case 1: In Step 3.1, eNB performs ICCA and detects the clear channel.
· Case 2: In Step 3.1, eNB performs ICCA and detects the busy channel. Accordingly, eNB initiates ECCA.
These two cases are illustrated in Figs. 2 and 3, respectively, for easy understanding. Through these examples, we can recognize the number of ICCA/ECCAs that eNB should conduct for the transmission after the self-deferral. In the case 1, eNB transmits after two ICCAs and one ECCA. On the other hand, in the case 2, two ICCAs and two ECCAs are performed before the transmission. Therefore, we can observe that the self-deferral under the current LBT Cat. 4 flowchart can cause eNB to perform ECCA repeatedly. 
Observation 2: If eNB performs the self-deferral, it can happen that eNB performs multiple ECCAs just for one channel access.
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Figure 2 Operation of LBT Cat. 4 with self-deferral: eNB detects the clear channel at the 2nd ICCA
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Figure 3 Operation of LBT Cat. 4 with self-deferral: eNB detects the busy channel at the 2nd ICCA
We remind that the self-deferral was introduced to realize some LAA functionalities such as the frequency reuse among eNBs, the self-interference avoidance among adjacent carriers at one eNB, and the adjustment of the channel occupancy ratio between LAA and Wi-Fi. It is evident that these functionalities make LAA more practical so that some of them were identified as a target of LAA design. From the Wi-Fi perspective, the self-deferral is also beneficial since APs/STAs can detect the additional clear channel during the self-deferral of LAA.
However, as we found in Fig. 3, the current LBT Cat. 4 flowchart can cause multiple ECCAs just for one channel access when eNB performs the self-deferral. The number of ECCAs that eNB performs before transmission is directly related to both latency and user-perceived throughput (UPT). Therefore, it is evident that the performance of LAA will be significantly degraded if the self-deferral is designed like the current flowchart. In this context, we can derive the following proposal.

Proposal 1: The self-deferral under the LAA LBT Cat. 4 should be designed based on the following principle.

· One channel access can be performed by one ECCA regardless of whether eNB performs the self-deferral or not.
· The transmission with the self-deferral should protect Wi-Fi signals (e.g., ACK/NACK) as the transmission without the self-deferral does. It means that the ICCA/ECCA defer periods (i.e., BiCCA/DeCCA) should be inserted as indicated in the current flowchart.

3 Modification of LBT Cat. 4 Flowchart
On the basis of the above observations, we describe a reasonable design of the self-deferral. First of all, we clarify the exact operation that eNB performs for the self-deferral. 

eNB operation for self-deferral

· Let’s assume that eNB is now doing ECCA. We can say that eNB performs the self-deferral at a certain CCA slot if it finds the channel to be clear but does not decrease its backoff counter effectively.

· It should be noted that, if eNB finds the channel to be busy, the operation in the current flowchart is applied, that is, eNB can resume the ECCA only after it detects the clear channel during the defer period (e.g., 34 us).
By following the above operation, the self-deferral can be performed only when eNB detects the clear channel. In addition, no change on the current flowchart is required when eNB detects the busy channel. As a result, we can have an example of the updated flowchart as follows.
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Figure 4 Modification of the current LBT Cat. 4 flowchart
We now need to check whether the updated flowchart satisfies the design principle that we mentioned in Proposal 1: (a) one channel access can be performed by one ECCA and (b) the transmission with the self-deferral should protect Wi-Fi signals. Let’s see Fig. 5 below.
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Figure 5 Operation of the modified LBT Cat. 4 with self-deferral
Fig. 5 illustrates the case where eNB triggers the self-deferral at the time when the remaining backoff counter is equal to 0. Furthermore, eNB detects the busy channel while performing the self-deferral. Then, according to the modified LBT Cat. 4 flowchart, eNB waits the channel becomes clear again and resumes the self-deferred ECCA (i.e., the last CCA) after the defer period. If the clear channel is detected at the last CCA slot, eNB performs transmission. In this operation, we can find the followings.

· The modified LBT Cat. 4 flowchart allows eNB to perform the self-deferral with one ECCA. Please compare Fig. 5 with Fig. 3, in which multiple ECCAs are performed for one channel access. This is due to the fact that eNB performs the CCA check before deciding the self-deferral. As a result, doing ICCA when the channel is busy and triggering an additional ECCA can be avoided.
· The modified LBT Cat. 4 flowchart requires detecting the clear channel during the defer period in order to resume ECCA when the channel status changes from busy to clear. Therefore, Wi-Fi signals (e.g., ACK/NACK) can be protected by the defer period even in the case of the self-deferral.
On the basis of the above findings, we can recognize that the modified LBT Cat. 4 flowchart achieves the design principle for the self-deferral in Proposal 1. Therefore, we can derive the following proposal.
Proposal 2: The following operation should be considered as a baseline for the self-deferral.
· When eNB is doing ECCA, we can say that eNB performs the self-deferral at a certain CCA slot if it finds the channel to be clear but does not decrease its backoff counter effectively.

· It should be noted that, if eNB finds the channel to be busy, the operation in the current flowchart is applied, that is, eNB can resume the ECCA only after it detects the clear channel during the defer period (e.g., 34 us).
Proposal 3: The current LBT Cat. 4 flowchart captured in TR 36.889 should be modified to support the self-deferral in a more efficient way. An example of the modified flowchart is shown in Fig. 4.
4 Conclusion
The self-deferral in the LAA LBT Cat. 4 can be used for realizing some LAA functionalities such as the frequency reuse among eNBs, the self-interference avoidance among adjacent carriers at one eNB, and the adjustment of the channel occupancy ratio between LAA and Wi-Fi. However, the current LBT Cat. 4 flowchart inefficiently supports the self-deferral since it can cause multiple ECCAs just for one transmission. To solve this problem, we have discussed how to enhance the self-deferral procedure in LAA. As a result, our observations and suggestions are as follows.
Observation 1: If eNB does not perform the self-deferral, at most one ICCA and one ECCA are required for one channel access (i.e., one transmission).
Observation 2: If eNB performs the self-deferral, it can happen that eNB performs multiple ECCAs just for one channel access.

Proposal 1: The self-deferral under the LAA LBT Cat. 4 should be designed based on the following principle.

· One channel access can be performed by one ECCA regardless of whether eNB performs the self-deferral or not.
· The transmission with the self-deferral should protect Wi-Fi signals (e.g., ACK/NACK) as the transmission without the self-deferral does. It means that the ICCA/ECCA defer periods (i.e., BiCCA/DeCCA) should be inserted as indicated in the current flowchart.

Proposal 2: The following operation should be considered as a baseline for the self-deferral.
· When eNB is doing ECCA, we can say that eNB performs the self-deferral at a certain CCA slot if it finds the channel to be clear but does not decrease its backoff counter effectively.

· It should be noted that, if eNB finds the channel to be busy, the operation in the current flowchart is applied, that is, eNB can resume the ECCA only after it detects the clear channel during the defer period (e.g., 34 us).
Proposal 3: The current LBT Cat. 4 flowchart captured in TR 36.889 should be modified to support the self-deferral in a more efficient way. An example of the modified flowchart is shown in Fig. 4.
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Figure A-1 Operation of self-deferral based on the current LBT Cat. 4 flowchart captured in TR 36.889
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