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1 Introduction
In this contribution, we evaluate and discuss the hidden and exposed station statistics in the agreed RAN1 LAA (licensed assisted access) deployment scenarios as described in [1]. 
The study is based on the assumption of downlink transmissions and it uses only pathloss and shadowing statistics. For each node, the transmit power of all surrounding nodes is attenuated by pathloss plus shadowing and compared with the CCA threshold.  The additional impact of small-scale fading and channel access procedures is not taken into account in this contribution. The impact of small-scale fading on the hidden and exposed station statistics is expected to be negligible under the assumption of wide-band transmissions. The results shown in this contribution provide an upper bound for the actual number of hidden and exposed stations which provides important insight into the characteristics of the considered LAA deployment scenarios. 

The consideration of explicit channel access procedures is not required since it has no effect on the evaluated number of potential hidden and exposed stations. Therefore, the results are independent of the exact channel access schemes (such as load based or frame based behaviour) since the existence of potential hidden and exposed stations is based on the positions in the deployment.  
In addition to the LBT (listen-before-talk) procedure in all transmitters, we furthermore evaluated the impact of RTS/CTS on the hidden and exposed node statistics. The assumption is here that the transmitter send an RTS (request to send) message prior to the data transmission, which is answered by a CTS (clear to send) message by the receiver. Potential interferers react to both RTS and CTS messages in terms of refraining from channel access attempt if the message is detected corresponding to the specification in [2]. The assumption is that potential interferers that receive RTS or CTS messages refrain from channel access by setting their NAV (network allocation vector) accordingly.

2 Discussion
2.1 Definition of Hidden and Exposed Stations

Hidden Stations: A hidden station is an interferer that does not detect the channel as busy and causes therefore interference to an ongoing transmission when it occupies the channel. The interferer is outside the CCA (clear channel assessment) range of the transmitter while the receiver of the ongoing transmission is within the interference range of the interferer. The existence of hidden stations reduces the SINR level of data transmissions and has therefore negative impact on the spectral efficiency per data transmission.
Exposed Stations: An exposed station is an interferer that does refrain from channel access since it detects the channel as busy, although it could occupy the channel without causing significant interference on the receiver side. The interferer is within the CCA range of the transmitter while the receiver of the ongoing transmission is outside the interference range of the interferer.
In the following discussion, we use the terms CCA range and interference range for explanatory purposes. The CCA range is determined by the received power level that corresponds to the CCA threshold which denotes the channel as occupied, and the interference range determined by an interference threshold which indicates the interference as significant. Note that interference outside the defined interference range are still interferers..
Figure 1 and Figure 2 show how the areas that cover potential hidden or exposed stations are affected by the CCA range. Please note that the additional shadowing impact is not taken into account in these explanatory figures for the sake of clarity. The abstract figures show already that an increased CCA sensitivity (in terms of reduced CCA threshold) will reduce the number of hidden stations while the number of exposed stations will be increased at the same time. The magnitude of these changes will be evaluated in the next section for the agreed LAA scenarios. 
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Figure 1: Hidden and exposed station areas 
with small CCA range
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Figure 2: Hidden and exposed station areas 
with large CCA range
	
	


The statistical evaluation addresses the potential number of hidden and exposed stations in the LAA deployment scenarios. The difference between a potential hidden/exposed and an actual hidden/exposed station is determined by the transmission behaviour of the interfering node (given by the respective traffic load). Assuming that all interfering stations transmit all the time, all potential exposed/hidden stations are actual hidden/exposed stations. If there is no data traffic in in all potential interferers, there are no actual hidden/exposed stations at all. 
The following hidden and exposed station evaluation provides therefore an upper bound for the actual number of hidden and exposed stations in the considered scenarios
2.2 Statistical Evaluation
The following evaluation is based on an interference level threshold assumption of -60 dBm, and the CCA threshold is varied between -80 dBm and -60 dBm. All nodes operate with the same threshold level and the transmission power is fixed to 23 dBm and two operators are assumed as defined in [1].
2.2.1 Indoor Scenario
This section shows results for the indoor scenario corresponding to Alternative 1 (uniform spacing of eNBs/APs) as described in [1]. The indoor scenario corresponding to Alternative 2 was evaluated as well, but the observed differences are negligible.

Figure 3 and Figure 4 show the evaluation of potential hidden stations per data transmission and the evaluation of exposed stations per data transmission, respectively. As expected, it can be seen that an increased CCA sensitivity (due to low CCA thresholds) reduces the number of potential hidden stations while it increased at the same time the number of potential exposed stations. The interesting aspect is here that the number of potential hidden stations is in general very small in the indoor scenario while the number of potential exposed stations is slightly larger. 
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Figure 3: Potential hidden stations in indoor scenario
without RTS/CTS
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Figure 4: Potential exposed stations in indoor scenario
without RTS/CTS
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Figure 5: Potential hidden stations in indoor scenario
with RTS/CTS
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Figure 6: Potential exposed stations in indoor scenario
with RTS/CTS


Observation 1: 
The number of potential hidden stations is slightly smaller than the number of potential exposed stations in the LAA indoor scenario.
Observation 2:
The impact of the CCA threshold setting on the number of potential hidden and exposed stations in the LAA indoor scenario is quite limited.
Observation 3:
The use of RTS/CTS in the LAA indoor scenario removes all potential hidden stations and shows negligible impact on the exposed station statistics.
2.2.2 Outdoor Scenario
Figure 7 and Figure 8 show the evaluation of potential hidden stations per data transmission and the evaluation of potential exposed stations per data transmission, respectively. In contrast to the indoor scenario evaluation in Section 2.2.1, it can be seen that an adaptation of the CCA sensitivity within the considered range between -60 dBm and -80 dBm has no observable impact on the number of potential hidden stations. The outdoor scenario exhibits however a much larger number of exposed stations than the indoor scenario; and the impact of the CCA sensitivity on the number of exposed stations is much more severe than on the number of hidden stations.
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Figure 7: Potential hidden stations in outdoor scenario 
without RTS/CTS
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Figure 8: Potential exposed stations in outdoor scenario without RTS/CTS

	[image: image9.emf]0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of hidden stations

CCDF

 

 

-60dBm


Figure 9: Potential hidden stations in outdoor scenario 
with RTS/CTS
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Figure 10: Potential exposed stations in outdoor scenario with RTS/CTS


These results indicate that high CCA sensitivity (in terms of low CCA thresholds) seems to be rather disadvantageous from overall system throughput performance point of view. The number of potential hidden stations is not reduced while the number of potential exposed stations is significantly increased if the CCA threshold is reduced from -60 dBm to -80 dBm.  
Strategies for increasing the CCA sensitivity (such as sending for example a Wi-Fi detectable signals prior to LAA bursts compared with energy detection of lower CCA sensitivity) do not seem to be beneficial from spectrum efficiency perspective in the agreed LAA deployment scenarios. The disadvantage of reduced system level spectral efficiency due to exposed stations outweighs the impact of increased SINR level per data transmission due to reduced hidden station probabilities. This general observation basically corresponds to the conclusions drawn from the initial throughput estimation study presented in [3].
Figure 9 and Figure 10 reveal that the use of RTS/CTS removes all hidden stations while the number of potential exposed stations is significantly increased in case of low CCA thresholds (-70 dBm and -80 dBm). The latter is not changed in case of -60 dBm. Except for the magnitude of changes, this corresponds in general to the indoor scenario observations.
Observation 4:
In the LAA outdoor scenario, the number of potential exposed stations is significantly larger than the number of potential hidden stations in case of low CCA thresholds.
Observation 5:
The use of RTS/CTS in the LAA outdoor scenario removes all potential hidden stations while it significantly increases the number of potential exposed stations in case of low CCA thresholds.
Based on the combined observations from indoor and outdoor scenario evaluation in terms of hidden and exposed station statistics, we draw following conclusion:
Proposal 1:
RAN1 should focus on addressing the exposed station issue instead of focussing on the hidden station issue. Potential hidden stations are expected to have significantly smaller impact on the overall system performance than potential exposed stations. 
3 Conclusion
We evaluated and discussed in this contribution the exposed and hidden stations statistics for the agreed RAN1 LAA deployment scenario. The performance evaluation suggests following conclusions:
Observation 1: 
The number of potential hidden stations is slightly smaller than the number of potential exposed stations in the LAA indoor scenario.

Observation 2:
The impact of the CCA threshold setting on the number of potential hidden and exposed stations in the LAA indoor scenario is quite limited.

Observation 3:
The use of RTS/CTS in the LAA indoor scenario removes all potential hidden stations and has no noticeable impact on the exposed station statistics.

Observation 4:
In the LAA outdoor scenario, the number of potential exposed stations is significantly larger than the number of potential hidden stations in case of low CCA thresholds.

Observation 5:
The use of RTS/CTS in the LAA outdoor scenario removes all potential hidden stations while it significantly increases the number of potential exposed stations in case of low CCA thresholds.

Proposal 1:
RAN1 should focus on addressing the exposed station issue instead of focussing on the hidden station issue. Potential hidden stations are expected to have significantly smaller impact on the overall system performance than potential exposed stations. 
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