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Discussion/Decision
1 Introduction
In the RAN1 #80bis meeting, we discussed several issues on the frequency reuse among LAA eNBs and concluded as follows.
Conclusions
( 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 Combinations of those options or other alternatives are not precluded.
Also, we provided the performance evaluation results for these options [1]. In this contribution, we briefly review the operation of these options and investigate their pros and cons from the regulation and implementation points of view.
2 Pros and Cons of Options for Frequency Reuse
We herein describe the operation of (1) CCA threshold adaptation, (2) TX start timing alignment and (3) LAA signal subtraction. For the CCA threshold adaptation and LAA signal subtraction schemes, we consider that they can be triggered by a specific signal (i.e., initial signal) transmitted by neighbour eNBs since it is more realistic compared to the assumption that they are triggered by any LAA signals. Then, we examine the pros and cons of these options in order to find the most suitable option for the frequency reuse in LAA.
The operation of each option can be described as follows.

Option 1) CCA threshold adaptation based on initial signal
1 An eNB sets the CCA threshold to Th0 as a default value.

2 Let’s assume that the eNB is now performing ICCA/ECCA for channel access. If the eNB detects the initial signal transmitted by neighbour eNBs at a certain CCA slot, the CCA threshold is changed to Th1 at the CCA slot.
· Generally, Th1 is greater than Th0 (e.g., Th1 = -52 dBm and Th0 = -62 dBm) so that detecting the initial signal makes the eNB access the channel easily.

· Note that the eNB applies Th0 at the CCA slot where the initial signal is not detected.
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Fig. 1. Operation of Option 1: CCA threshold adaptation
Pros of Option 1
A. If we assume that detecting the initial signal within one CCA slot (i.e., 9 or 10 us) is feasible, the operation of the eNB is not too complex.

B. Wi-Fi also uses the CCA threshold adaptively depending on whether the Wi-Fi preamble is detected or not. For this aspect, please see the cons further.

C. The CCA threshold adaption does not require the coordination among eNBs.
Cons of Option 1
A. It is not clear whether detecting the initial signal within one CCA slot is feasible. It should be performed instantaneously at every CCA slot during ECCA. The feasibility of this scheme highly depends on how to design the initial signal in LAA, however, it may not be easy since the CCA slot length is very short.

B. Although Wi-Fi also uses the CCA threshold adaptively, the purpose is completely different. In Wi-Fi, AP or STA decreases the CCA threshold when the Wi-Fi preamble is detected for supporting exclusive channel usage. However, the CCA threshold adaptation in LAA, which we are discussing here, tries to increase the CCA threshold when the LAA signal is detected for the frequency reuse among eNBs. Due to the increased CCA threshold, the eNB can transmit more aggressively so that Wi-Fi can receive stronger interference from LAA.
Option 2) TX start timing alignment
First of all, several methods can be used to realize the TX start timing alignment. We herein categorize this scheme according to whether each eNB in a cluster performs ECCA independently or not.
Option 2a) ECCA based on a common backoff number among eNBs
1 A set of eNBs in a cluster share a common backoff number and start ECCA at the same time using that number.

· After starting the ECCA, each eNB in the cluster performs the CCA check individually.
· If some of the eNBs have not detected the busy channel during the ECCA, the frequency reuse among them is achieved.
· On the other hand, if some of the eNBs have detected the busy channel during the ECCA, they cannot join the simultaneous transmission with other eNBs.
2 All the eNBs in the cluster stop transmission at the same time and reset their backoff numbers to a new value. Then, they repeat the step 1 periodically.
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Fig. 2. Operation of Option 2a: ECCA based on a common backoff number among eNBs
Pros of Option 2a

A. Compared to Options 1 and 3, this scheme does not increase the complexity of the CCA check.
Cons of Option 2a
A. In Option 2a, multiple eNBs perform ECCA using the same backoff number. It is not clear whether such a method complies with the regulation.
B. If the LBT Cat. 4 based on the exponential backoff is adopted, all the eNBs in the cluster may have different contention window sizes. In this case, setting their backoff numbers to the same value is almost impossible.
C. Moreover, this scheme has a strange point from the regulation perspective. Let’s consider the situation where one of the eNBs in the cluster is performing ECCA and its backoff counter is now frozen at Nremain (i.e., the remaining backoff counter = Nremain). Remind that Option 2a periodically resets the common backoff number to a new value. Then, it can happen that the updated value is lower than Nremain. Such behaviour can raise a regulation issue.
D. This scheme requires the coordination among eNBs to share and reset the common backoff number. 

Option 2b) ECCA based on an independent backoff number with self-deferral
1 A set of eNBs in a cluster share a common TX start timing, which is denoted by Tcommon.
· We consider the case where Tcommon appears periodically.

2 Each eNB in the cluster chooses a random number and independently performs ECCA.

3 The eNB that completes the ECCA before the upcoming Tcommon performs the self-deferral until that Tcommon.
4 Then, the eNB performs the CCA check just before Tcommon and transmits at Tcommon if it detects the clear channel.
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Fig. 3. Operation of Option 2b: ECCA based on an independent backoff number with self-deferral
Pros of Option 2b
A. Compared to Options 1 and 3, this scheme does not increase the complexity of the CCA check.
B. In Option 2b, each eNB performs ECCA independently so that it does not raise any issue related to the regulation.
C. This scheme utilizes the self-deferral whose concept was already captured in TR 36.889 [2].
Cons of Option 2b
A. This scheme requires the coordination among eNBs to set the common TX start timing Tcommon.

· If we configure Tcommon in a periodic (or semi-static) manner, then the overhead due to the coordination can be significantly reduced.

B.  It is possible that Wi-Fi grabs the channel while the eNB is performing the self-deferral.
· The performance loss due to this phenomenon can be reduced by limiting the duration of the self-deferral.

Option 3) LAA signal subtraction based on initial signal
1 An eNB has a default CCA threshold, which is denoted by Th0.

2 Let’s assume that the eNB is now performing ICCA/ECCA for channel access. If the eNB detects the initial signal transmitted by neighbour eNBs at a certain CCA slot, it calculates the received power of the initial signal and derives the following metric:

Isubtracted = Total received power – Received power of the initial signal.
3 Then, the eNB performs the CCA check by comparing Isubtracted with the CCA threshold Th0.
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Fig. 3. Operation of Option 3: LAA signal subtraction
Pros of Option 3
A. When multiple eNBs are densely deployed, the metric Isubtracted becomes small since the initial signal can be received at neighbour eNBs strongly. Then, from the LAA perspective, the probability that the eNBs pass the CCA check is increased and accordingly the probability of achieving the frequency reuse is also increased.
B. The LAA signal subtraction does not require the coordination among eNBs.
Cons of Option 3
A. As we discussed the cons of Option 1, it is not clear whether detecting the initial signal within one CCA slot is feasible. Furthermore, Option 3 requires the calculation of Isubtracted. The feasibility of calculating this metric precisely within one CCA slot is also not clear.

B. It is possible that the LAA signal subtraction can increase the effective CCA threshold significantly. Let’s examine the following CCA check in Option 3:
Isubtracted = Total received power – Received power of the initial signal < CCA threshold.
Then, it can be re-written as follows:
Total received power < CCA threshold + Received power of the initial signal = Effective CCA threshold.
If the effective CCA threshold becomes higher than the maximum CCA threshold, which is defined by the regulation, we cannot say that the LAA design with Option 3 provides the fair coexistence with Wi-Fi.
According to the above analysis, we can have the following observations and proposal.

Observation 1: For Options 1 and 3, it is not clear whether detecting the initial signal within one CCA slot (i.e., 9 or 10 us) is feasible from the implementation point of view.
Observation 2: For Option 3, the effective CCA threshold can be higher than the maximum CCA threshold that is defined by the regulation. It is not clear whether this situation is allowed.
Observation 3: For Option 2a, it is not clear whether sharing the same backoff number among eNBs and updating the number during ECCA comply with the regulation, especially when the exponential backoff is used.
Observation 4: For Option 2b, there seems little difficulty from the implementation and regulation perspectives. In addition, its feasibility is already verified in some sense since it is based on the self-deferral, which was captured in TR 36.889.
Proposal: The frequency reuse among LAA eNBs should be designed by carefully considering the issues on the regulation, implementation, and fairness with Wi-Fi. From these perspectives, the TX start timing alignment based on the independent ECCA and the self-deferral (i.e., Option 2b) should be considered as a baseline for further discussion.
3 Conclusion
Observation 1: For Options 1 and 3, it is not clear whether detecting the initial signal within one CCA slot (i.e., 9 or 10 us) is feasible from the implementation point of view.
Observation 2: For Option 3, the effective CCA threshold can be higher than the maximum CCA threshold that is defined by the regulation. It is not clear whether this situation is allowed.
Observation 3: For Option 2a, it is not clear whether sharing the same backoff number among eNBs and updating the number during ECCA comply with the regulation, especially when the exponential backoff is used.
Observation 4: For Option 2b, there seems little difficulty from the implementation and regulation perspectives. In addition, its feasibility is already verified in some sense since it is based on the self-deferral, which was captured in TR 36.889.
Proposal: The frequency reuse among LAA eNBs should be designed by carefully considering the issues on the regulation, implementation, and fairness with Wi-Fi. From these perspectives, the TX start timing alignment based on the independent ECCA and the self-deferral (i.e., Option 2b) should be considered as a baseline for further discussion.
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