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1. Introduction

In RAN 1 meeting #82, the issues of the DL energy detection (ED) threshold adaptation in LAA were discussed, and the following possible agreements were reached [1].
Possible agreements:
· RAN1 should identify rules for adaptively lower the DL energy threshold to ensure co-existence with other RATs including Wi-Fi
· Other rules are not precluded as long as co-existence test can be satisfied
The purpose of DL ED threshold adaptation is to reach a better performance not only for coexistence of multiple LAA networks, but also for coexistence of LAA networks and other RATs including WiFi. However, ED threshold may not be the only factor impacting the performance. To identify an ED adapting rule, other adaptation schemes such as power control may need to be jointly considered in order to achieve a better performance. This issue may become more complicated by further considering the interplay between LAA and other RATs, especially when other RATs may have their own adaptation rules. Therefore, the purpose of this contribution is to investigate the performance of LAA networks and other coexisting RATs (i.e., WiFi) to propose potential principles for identify an ED threshold adaptation rule.

2. Performance Evaluation in LAA-WiFi Coexistence
 In this performance evaluation, the following issues are particularly studied. First, when multiple LAA networks coexist with multiple WiFi links, how is the performance if all LAA networks lower the ED threshold while the ED threshold of WiFi links is fixed. Second, if all LAA networks are able to adjust the ED threshold while the ED threshold of WiFi links is fixed, how to further enhance the performance of LAA networks by jointly considering power control scheme. Third, if the ED threshold of WiFi links is also adjustable, then how a LAA network and a WiFi link adjust their ED thresholds.
In Fig. 1, the CDF of received SINR is investigated. In this simulation, there are multiple LAA networks and multiple WiFi links coexisting on an area of size 160000m2. A LAA receiver (i.e., a UE) may suffer interference from other LAA transmitters (i.e., eNBs) and WiFi transmitters. Each LAA transmitter performs CCA using energy detection. If the aggregated interference exceeds the ED threshold, then a LAA transmitter does not transmit. Consequently, the corresponding LAA receiver cannot receive the transmission service. On the other hand, if the aggregated interference does not exceed the ED threshold, then a LAA transmitter is allowed to transmit using a certain transmission power. Similarly, a WiFi receiver may suffer interference from other WiFi transmitters and LAA transmitters. Each WiFi transmitter performs a similar CCA operation as a LAA transmitter. Parameters and assumptions for simulations are summarized in Table I. In this simulation, the following performance is evaluated.

(a) CDF of received SINR of all LAA UEs when transmission power of each eNB is 20 dBm.

(b) CDF of received SINR of all LAA UEs when transmission power of each eNB is 17 dBm.

(c) CDF of received SINR of all LAA UEs when transmission power of each eNB is 13 dBm.

(d) CDF of received SINR of all LAA UEs when transmission power of each eNB is 10 dBm.

(e) CDF of received SINR of all WiFi receivers when transmission power of each eNB is 20 dBm.

(f) CDF of received SINR of all WiFi receivers when transmission power of each eNB is 17 dBm.

(g) CDF of received SINR of all WiFi receivers when transmission power of each eNB is 13 dBm.

(h) CDF of received SINR of all WiFi receivers when transmission power of each eNB is 10 dBm.
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Fig. 1. CDF of the received SINR. The CCA-ED threshold of each eNB is -62 dBm, while the CCA-ED threshold of each WiFi transmitter is -62 dBm. The transmission power of each WiFi transmitter is fixed 15 dBm.
From Fig. 1, we can observe that, when the CCA-ED thresholds of an eNB and the CCA-ED threshold of a WiFi transmitter are around the same level, then the SINR performance of both WiFi of LAA are similar. In addition, for a certain CCA-ED threshold in LAA, each eNB enhancing the transmission power may improve the SINR in LAA, although it may also increase interference to WiFi receivers.
Observation 1. When the CCA-ED thresholds of an eNB and the CCA-ED threshold of a WiFi transmitter are around the same level, then the SINR performance of both WiFi and LAA are similar.
Observation 2. For a certain CCA-ED threshold in LAA, each eNB enhancing the transmission power may improve the SINR in LAA, although it may also increase interference to WiFi receivers.
In Fig. 1, the received SINR is evaluated only when the corresponding transmitter is allowed to transmit (i.e., aggregated interference does not exceed the CCA-ED threshold). In Fig. 2, we further evaluate the portions of WiFi receivers and LAA UEs those are able to receive services (i.e., the corresponding transmitter is allowed to transmit). All simulation conditions for Fig. 2 are the same as Fig. 1. From Fig. 2, we can observe that, when the CCA-ED thresholds of an eNB and the CCA-ED threshold of a WiFi transmitter are around the same level, then the portions of receiver receiving services are also around the same level.
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Fig. 2. Portions of receiver receiving services (aggregated interference does not exceed the CCA-ED threshold). The CCA-ED threshold of each eNB is -62 dBm, while the CCA-ED threshold of each WiFi transmitter is -62 dBm. The transmission power of each WiFi transmitter is fixed 15 dBm.

Observation 3. When the CCA-ED thresholds of an eNB and the CCA-ED threshold of a WiFi transmitter are around the same level, then the portions of receiver receiving services are also around the same level.
Next, we lower the CCA-ED threshold of each eNB to -70 dBm, while the CCA-ED threshold of each WiFi transmitter is still -62 dBm. The simulation results are shown in Fig. 3. By comparing Fig. 1 and Fig. 3, we can observe that when the CCA-ED threshold of each eNB is decreased, a lower transmission power may enhance the SINR performance in LAA. In this case, the received SINR performance of WiFi is also improved.
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Fig. 3. CDF of the received SINR. The CCA-ED threshold of each eNB is -70 dBm, while the CCA-ED threshold of each WiFi transmitter is -62 dBm. The transmission power of each WiFi transmitter is fixed 15 dBm.

Observation 4. When the CCA-ED threshold of each eNB is decreased, a lower transmission power may enhance the SINR performance in LAA. In this case, the received SINR performance of WiFi is also improved.
We also evaluate the portions of WiFi receivers and LAA UEs those are able to receive services in Fig. 4 based on the same conditions in Fig. 3. However, we can observe that if each LAA eNB lowers the CCA-ED threshold while each WiFi transmitter does not, then a large portion of UEs cannot receive services from corresponding eNBs. Since lowering the CCA-ED threshold makes CCA sensitive, more eNBs are blocked from transmitting and the radio resources are yielded to WiFi. 
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Fig. 4. Portions of receiver receiving services (aggregated interference does not exceed the CCA-ED threshold). The CCA-ED threshold of each eNB is -70 dBm, while the CCA-ED threshold of each WiFi transmitter is -62 dBm. The transmission power of each WiFi transmitter is fixed 15 dBm.

Observation 5. If each LAA eNB lowers the CCA-ED threshold while each WiFi transmitter does not, then a large portion of UEs cannot receive services from corresponding eNBs.
Finally, we further lower the CCA-ED threshold of each eNB to -77 dBm, while the CCA-ED threshold of each WiFi transmitter is still -62 dBm. The simulation results are shown in Fig. 5. By comparing Fig. 1, Fig. 3, and Fig. 5, the trend in Observation 4 is further confirmed. By further evaluating the portions of receiver receiving services in Fig. 6 in this case, we can observe a similar pheromone revealed in Observation 5.
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Fig. 5. CDF of the received SINR. The CCA-ED threshold of each eNB is -77 dBm, while the CCA-ED threshold of each WiFi transmitter is -62 dBm. The transmission power of each WiFi transmitter is fixed 15 dBm.
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Fig. 6. Portions of receiver receiving services (aggregated interference does not exceed the CCA-ED threshold). The CCA-ED threshold of each eNB is -77 dBm, while the CCA-ED threshold of each WiFi transmitter is -62 dBm. The transmission power of each WiFi transmitter is fixed 15 dBm.

Table I. Parameters/assumptions for simulations

	Parameters/assumptions
	value

	Size of deployment area
	160000 m2

	Number of eNBs
	20

	Number of UEs
	80

	Deployment of eNBs
	Randomly and uniformly deployed

	Deployment of UEs
	Randomly and uniformly deployed. Each UE connects to the eNB with the strongest signal strength

	Number of WiFi transmitters
	30

	Number of WiFi receivers
	30

	Deployment of WiFi transmitters
	Randomly and uniformly deployed

	Deployment of WiFi receivers
	Randomly and uniformly deployed. Each receiver connects to the transmitter with the strongest signal strength, but each transmitter only connects to one receiver

	TX power of each WiFi transmitter
	15 dBm

	TX power of each eNB
	10 dBm to 20 dBm

	CCA-ED threshold of a WiFi transmitter
	-62 dBm

	CCA-ED threshold of an eNB
	-77 dBm to -62 dBm

	Bandwidth 
	20 MHz for both WiFi and LAA

	Noise floor
	-100 dBm

	Path loss model
	43.3log10(d) + 11.5 + 20log10(fc) dB

	Carrier frequency
	5GHz



3. Potential Considerations and Principles for an ED Threshold Adaptation Rule 
Based on above analysis, it reveals that when the CCA-ED threshold of LAA is lowered, then the transmission power of each eNB may be decreased as well. This result is not surprising. For a transmitter, if the CCA-ED threshold is lowered (CCA is more sensitive), then concurrent transmissions of two transmitters located close with each other may not be allowed, and transmissions may only be allowed when interference is very small. In this case, a transmitter does not need a large transmission power to combat interference at the receiver side to enhance SINR. If the transmission power can be decreased, then interference to other receivers is also alleviated. On the other hand, if the CCA-ED threshold of LAA is increased, then the opportunities for concurrent transmissions between two transmitters located close with each other may be increased. In this case, a transmitter may need larger transmission power to combat stronger interference at the receiver side to enhance the received SINR. As a result, larger transmission power leads to stronger interference to other receivers.
However, if each LAA eNB lowers the CCA-ED threshold while each WiFi transmitter does not, then transmissions of eNBs may be blocked. Consequently, each WiFi transmitter may obtain more opportunities to occupy radio resources. Therefore, the gap between the CCA-ED threshold for WiFi and the CCA-ED threshold for LAA should be decreased to provide equal opportunities for both WiFi and LAA to access the channel. To test the feasibility of coexistence, LAA may estimate the CCA-ED threshold adopted by the coexisting RATs, and adjust the CCA-ED threshold of LAA aligning with the CCA-ED threshold of the coexisting RATs.
Proposal 1. When the CCA-ED threshold of LAA is lowered, then the transmission power of each eNB may also be decreased.This principle should be taken into the consideration to identify an ED threshold adaptation rule.

Proposal 2. The gap between the CCA-ED threshold for other coexisting RATs (including WiFi) and the CCA-ED threshold for LAA should be decreased to provide equal opportunities for both WiFi and LAA to access the channel. An ED threshold adaptation rule of LAA should be designed based on the CCA-ED threshold adopted by other coexisting RATs. How to estimate the CCA-ED threshold of coexisting RATs is FFS.

4. Conclusion  
In this contribution, we investigate the performance of LAA-WiFi coexistence by using different CCA-ED thresholds and transmission power. Based on the analysis, the principles to identify an ED threshold adaptation rule are provided in the following proposals.
Proposal 1. When the CCA-ED threshold of LAA is lowered, then the transmission power of each eNB may also be decreased.This principle should be taken into the consideration to identify an ED threshold adaptation rule.

Proposal 2. The gap between the CCA-ED threshold for other coexisting RATs (including WiFi) and the CCA-ED threshold for LAA should be decreased to provide equal opportunities for both WiFi and LAA to access the channel. An ED threshold adaptation rule of LAA should be designed based on the CCA-ED threshold adopted by other coexisting RATs. How to estimate the CCA-ED threshold of coexisting RATs is FFS.
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