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Discussion/Decision
1 Introduction
In the last RAN1 #80bis meeting, we discussed several issues on the frequency reuse-1 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
Combination of those options or other alternatives are not precluded.
In this contribution, we focus on the performance evaluation of these options for the frequency reuse-1. We clearly mention the simulation assumption and suggest potential issues that need to be considered further for enabling the frequency reuse-1 in LAA.

2 Simulation Model for Frequency Reuse-1
We herein describe the simulation models of (1) CCA threshold adaptation, (2) TX start timing alignment and (3) LAA signal subtraction in detail. For the CCA threshold adaptation and LAA signal subtraction schemes, we consider that they may be triggered by both initial signals and arbitrary LAA signals, so that these two cases are evaluated separately. Note that the simulation using these models aims to investigate the advantages and disadvantages of each option and to identify potential issues that should be studied for achieving the frequency reuse-1 among LAA eNBs. As a result, we clarify that how to implement each option in practice is not the scope of this contribution.
The simulation model of each option for the frequency reuse-1 can be described as follows:
Option 1a) CCA threshold adaptation based on initial signal
1 An eNB sets the CCA threshold to Th0 = -62 dBm as a default value.

2 If the eNB detects initial signals transmitted by neighbor eNBs, the CCA threshold is set to Th1 = -52 dBm. This value is only valid during the time when the eNB detects the initial signals.
· We assume that the eNB can detect the initial signals or other LAA signals if their received signal strength is greater than the eNB’s RX sensitivity value [X].
Option 1b) CCA threshold adaptation based on any LAA signal
1 An eNB sets the CCA threshold to Th0 = -62 dBm as a default value.

2 If the eNB detects any LAA signals transmitted by neighbor eNBs, the CCA threshold is set to Th1 = -52 dBm.
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Fig. 1. (Left) Operation of Option 1a. (Right) Operation of Option 1b.
Option 2) TX start timing alignment
1 Each eNB in a small cell cluster performs ECCA independently.

2 When an eNB completes ECCA, it checks whether there are other eNBs in the cluster that are performing ECCA (excluding the eNB whose ECCA counter is frozen).

3 If there is at least one eNB with on-going ECCA, the eNB that has completed ECCA waits until Tcomplete for trying to achieve simultaneous transmission. Please see Fig. 2. If the eNB finds the channel to be clear at Tcomplete, it performs transmission. On the other hand, it can happen that Wi-Fi grabs the channel during the empty period. Then, the eNB cannot transmit so that the frequency reuse-1 among the eNBs is not achieved.

· We assume that Tcomplete can be shared among all the eNBs in the cluster without latency.
4 On the other hand, if there is no eNB with on-going ECCA, the eNB that has completed ECCA immediately starts transmission.
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Fig. 2. Operation of Option 2: (Left) Frequency reuse-1 among the eNBs is achieved. (Right) Frequency reuse-1 is partially achieved.
Option 3a) LAA signal subtraction based on initial signal
1 An eNB uses a fixed value of the CCA threshold, which is set to Th0 = -62 dBm.

2 If the eNB detects initial signals transmitted by neighbor eNBs, the CCA check is done by comparing Isubtracted,3a with the CCA threshold Th0:
Isubtracted,3a = Total interference – Interference from the detected initial signals
Note that the LAA signal subtraction in Option 3a is only performed during the time when the eNB detects the initial signals.
Option 3b) LAA signal subtraction based on any LAA signal

1 An eNB uses a fixed value of the CCA threshold, which is set to Th0 = -62 dBm.

2 If the eNB detects any LAA signals transmitted by neighbor eNBs, the CCA check is done by comparing Isubtracted,3b with the CCA threshold Th0:
Isubtracted,3b = Total interference – Interference from all the detected LAA signals

[image: image3.emf]C

C

A

C

C

A

C

C

A

ECCA complete

Typical LAA signal Initial signal LAA eNB 1

LAA eNB 2 LAA signal subtraction

No LAA signal 

subtraction

C

C

A

C

C

A

C

C

A

ECCA complete

Typical LAA signal Initial signal LAA eNB 1

LAA eNB 2

LAA signal 

subtraction

No LAA signal subtraction


Fig. 3. (Left) Operation of Option 3a. (Right) Operation of Option 3b.
3 Performance Evaluation
We now explain the performance of the above options for the frequency reuse-1 among LAA eNBs. We consider mean user-perceived throughput (UPT) as a key performance metric. Note that the simulation is conducted in the high load scenario [1].
First, the performance of the CCA threshold adaptation triggered by either initial signals (i.e., Option 1a) or any LAA signals (i.e., Option 1b) is examined. Note that the operations of these options are illustrated in Fig. 1 and the simulation results are represented in Figs. 4 and 7.
Briefly, the CCA threshold adaptation adaptively uses two pre-defined CCA thresholds (i.e., -62 dBm or -52 dBm) according to whether either initial signals or any LAA signals are detected by an eNB or not. If those signals are detected, the probability of simultaneous transmission among eNBs (i.e., frequency reuse-1) will be higher due to the use of the 10 dB higher CCA threshold (i.e., -52 dBm) than the default value (i.e., -62 dBm).
Of course, Option 1b has the higher probability of triggering the CCA threshold adaptation than Option 1a, since the initial signal is typically transmitted until the upcoming subframe boundary after grabbing the channel so that it constitutes only a small portion of the whole LAA signal. Therefore, the simultaneous transmission can be performed more frequently in Option 1b than in Option 1a. This fact leads the higher LAA UPT of Option 1b, as shown in Fig. 4.
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Fig. 4 UPT of CCA threshold adaptation: Option 1a (initial signal) vs. Option 1b (any LAA signal).
Observation 1: The performance of the CCA threshold adaptation depends on whether it is triggered by arbitrary LAA signals or a specific type of LAA signals (e.g., the initial signal).
Second, the performance of the LAA signal subtraction triggered by either initial signals (i.e., Option 3a) or any LAA signals including PDSCH (i.e., Option 3b) is examined. Note that the operations of these options are illustrated in Fig. 3 and the simulation results are represented in Figs. 5 and 7.
The LAA signal subtraction allows an eNB to subtract the interference caused by either initial signals or any LAA signals from the total interference. Then, such a partial interference is used to judge whether the channel is clear or busy so that the probability of the simultaneous transmission will be higher than the LBE without enhancement.
As we mentioned, the initial signal is only a small portion of the whole LAA signal. Therefore, the LAA signal subtraction can be performed more frequently in Option 3b than in Option 3a. However, although the LAA UPT of Option 3b is higher than that of Option 3a, the performance gap between these two options is marginal compared to the case of the CCA threshold adaptation, as shown in Fig. 5. The reason for this phenomenon can be explained as follows:
The LAA signal subtraction can be interpreted as another type of the CCA threshold adaptation. In Options 1a and 1b, a fixed value of the offset (i.e., 10 dB) is added to the default CCA threshold (i.e., -62 dBm) if LAA is detected. However, in Options 3a and 3b, there is no nominal value of the offset. Instead, the instantaneous power of LAA interference can be used as a variable offset whose value can be greater than the fixed offset used in the CCA threshold adaptation.

	(CCA threshold adaptation)
	Total interference > CCA threshold + Fixed offset

	(LAA signal subtraction)
	Total interference – Variable offset determined by LAA interference > CCA threshold

⇒ Total interference > CCA threshold + Variable offset determined by LAA interference


Therefore, the LAA signal subtraction shows the lower probability that the eNB’s CCA check is blocked by LAA compared to the CCA threshold adaptation. By virtue of the capability of the LAA signal subtraction, an eNB that has failed to access the channel due to the strong interference from a neighbor eNB can pass the CCA check when the neighbor eNB is sending the initial signal. Since the ECCA duration is typically shorter than the length of the initial signal on the average, triggering the LAA signal subtraction by the initial signal (i.e., Option 3a) can provide a sufficient time for the eNB to join the simultaneous transmission with the neighbor eNB. As a result, both Options 3a and 3b show the similar performance in terms of LAA UPT.
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Fig. 5 UPT of LAA signal subtraction: Option 3a (initial signal) vs. Option 3b (any LAA signal).
Observation 2: The LAA signal subtraction can be interpreted as another type of the CCA threshold adaptation, where the instantaneous power of LAA interference can be used as a variable offset. Therefore, this scheme is beneficial when an eNB fails to pass the CCA check due to the strong interference from neighbor eNBs.
Third, the performance of the TX start timing alignment (i.e., Option 2) is examined. Note that the operation of this option is illustrated in Fig. 2 and the simulation results are represented in Figs. 6 and 7.

To align the TX start timing, an eNB that has passed its ECCA waits the end of the neighbor eNB’s ECCA. This period, which is denoted by the empty period, gives channel access opportunities to Wi-Fi so that the Wi-Fi UPT can be increased much. Fig. 7 shows that the Wi-Fi UPT of Option 2 is improved by about 40 % compared to that of the LBE without enhancement. Furthermore, it is expected that the LAA UPT will be reduced since Wi-Fi can grab the channel during the empty period. However, the decrease in the LAA UPT (approximately 10 %) is much smaller than the increase in the Wi-Fi UPT. The reason for this phenomenon is that the LAA UPT gain due to the frequency reuse-1 among the eNBs partially compensates for the LAA UPT loss caused by the insertion of the empty period. As a result, we can conclude that the TX start timing alignment can be treated as one method for improving the fair coexistence between LAA and Wi-Fi without significant LAA performance degradation.
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Fig. 6 UPT of each option for frequency reuse-1.
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Fig. 7 UPT gain of each option compared to normal LBE
Observation 3: The TX start timing alignment, which is modelled as illustrated in Fig. 2, gives more channel access opportunities to Wi-Fi since an eNB that has passed its ECCA waits until the end of the neighbor eNB’s ECCA. Therefore, it can improve the fairness between LAA and Wi-Fi while achieving the frequency reuse-1 among LAA eNBs.

4 Potential Issues for Frequency Reuse-1
We have investigated the performance of each option for the frequency reuse-1 through the simulation. However, the simulation is based on the very simplified model of each option, which is described in Section 2, since the original aim is to identify their pros and cons from the qualitative point of view. As a result, many practical aspects must be further discussed to implement each option in practice. In this context, we list some potential issues for enabling the frequency reuse-1 in LAA as follows:
	Potential issues for frequency reuse-1
	Options

	
	1a
	1b
	2
	3a
	3b

	Compliance with the unlicensed band regulations
	O
	O
	O
	O
	O

	Method for detecting LAA signals (e.g., initial signal) transmitted by neighbor eNBs
	O
	O
	
	O
	O

	Impact on the detection latency or error
	O
	O
	
	O
	O

	Method for subtracting the interference caused by LAA signals from total interference
	
	
	
	O
	O

	Method for exchanging TX start timing information among eNBs
	
	
	O
	
	


⋇ The mark (O) indicates the option(s) related to each potential issue.
Observation 4: Several issues including regulation compliance and the feasibility of LAA signal detection/subtraction/TX start timing alignment, need to be discussed further to achieve the frequency reuse-1 among LAA eNBs.

5 Conclusion
Observation 1: The performance of the CCA threshold adaptation depends on whether it is triggered by arbitrary LAA signals or a specific type of LAA signals (e.g., the initial signal).
Observation 2: The LAA signal subtraction can be interpreted as another type of the CCA threshold adaptation, where the instantaneous power of LAA interference can be used as a variable offset. Therefore, this scheme is beneficial when an eNB fails to pass the CCA check due to the strong interference from neighbor eNBs.

Observation 3: The TX start timing alignment, which is modelled as illustrated in Fig. 2, gives more channel access opportunities to Wi-Fi since an eNB that has passed its ECCA waits until the end of the neighbor eNB’s ECCA. Therefore, it can improve the fairness between LAA and Wi-Fi while achieving the frequency reuse-1 among LAA eNBs.

Observation 4: Several issues including regulation compliance and the feasibility of LAA signal detection/subtraction/TX start timing alignment, need to be discussed further to achieve the frequency reuse-1 among LAA eNBs.
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Appendix
Simulation parameters
	Parameter
	Value

	Layout
	Indoor

	Number of unlicensed band carrier
	1

	Number of UEs
	10

	Traffic model
	FTP model 3

	LAA MCS
	No 256 QAM

	MIMO
	1TX-2RX

	CCA threshold (ED)
	-62 dBm

	CCA threshold (PD)
	-82 dBm

	LAA CCA slot length
	20 μs

	LAA TXOP
	9.5 ms

	eNB’s RX sensitivity for LAA DL signal
	-123.4 dBm

	Wi-Fi MPDU size
	1,500 bytes

	Wi-Fi CCA slot length
	9 μs

	Wi-Fi TXOP
	3 ms

	Wi-Fi channel coding
	LDPC

	Lambda
	0.7 (high load)
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