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1. Introduction

In RAN1#78bis, Listen-before-talk (LBT) and Discontinuous transmission on a carrier with limited maximum transmission duration were agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1]. In RAN1#79 and #80, all parameters for DL only coexistence evaluations were agreed and captured in [2]-[4]. In RAN1#80, the following was agreed to categorize LBT schemes for evaluation of coexistence performance of LAA [3].
	Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window
Note: Contention window is the maximum possible random back-off value
Note: Category classification does not restrict a LBT design investigation

Note: Company is encouraged to evaluate many categories as much as possible
· Illustrative examples

· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2

· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3

· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4


In RAN1#80bis [5], the following was agreed as working assumptions for further details on DL listen-before-talk (LBT) operation with variable contention window size.

	Working assumptions:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:

· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots

· The value of X and Y is a configurable parameter

· FFS: which trigger and rate for adapting the size of the contention window

· Consider minimum ECCA slot size smaller than 20 µs

· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)

· FFS: Conditions under which initial CCA is used

· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle

· FFS: Continuing count down during defer period

· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 

· FFS: A defer period configured to be zero.

· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants

· FFS: Relationship, if any, between contention window and maximum channel occupancy?

· Discuss the values of all the above parameters at RAN1#81

· FFS: Applicability of this to DRS

· Adaptability of the energy detection threshold can be applied

· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above


Based on agreements, in this contribution, we provide simulation results for several LBT schemes and draw observations on coexistence performance of DL LAA.
2. LBT schemes
In this section, we introduce following LBT schemes which are used in evaluation results.
· “Cat2”: LBT without random back-off which follows the FBE procedure in EU regulation [6]

· “Ca3”: LBT with random back-off which follows the LBE procedure with a fixed q(=10) in [6]
· “Cat4”: LBT with exponential random back-off which adjusts based on HARQ ACK/NACK information as described in [7]
· Contention window (CW) size: In order to make expected contention time of LAA compatible to that of WiFi for fair comparison, we set X=6 and Y=384 for 24 usec ECCA slot size in LAA, considering CWmin=16 and CWmax=1024 for 9 usec slot size in WiFi.
· Note: In order to make consecutive TX burst transmission possible, we assume that TX burst is completed earlier than three last OFDM symbols of a subframe, which is called “CCA gap” defined in our companion paper [8].
· Note: In “Cat3” and “Cat4” schemes, we assume that data burst can start at any of the OFDM symbols in a subframe.
3. Evaluation results
In this section, we provide simulation results evaluating the performance gains of each LBT scheme explained in Section 2. We consider both indoor and outdoor scenarios with only single carrier (Y=1) and we assume that LAA eNBs do not use the licensed carrier for data transmission. For WiFi nodes, considering the LDPC encoding process, we assume that the effective SINR of a WiFi MPDU is derived from the worst SINR among SINR values which are measured every SINR slot duration (e.g., 72 us as described in [9]). In the same way, we consider that for LAA, effective SINR of a TTI is derived from the worst SINR among SINR values of code blocks, if multiple code blocks are received in the TTI. Detailed simulation assumptions are shown in Appendix.
3.1. LAA-WiFi coexistence scenario
At first, we consider the scenario that operator #1 deploys LAA and operator #2 deploys WiFi. One of the design targets of an LAA system is the effective and fair coexistence with WiFi, which means that LAA may not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier, with respect to throughput and delay. Thus, we have to check whether LAA guarantees WiFi performance or not and have to observe which LBT scheme is superior to others with respect to LAA performance.
The evaluation results are shown in the next set of figures. The packet drops of each LAA UE (or WiFi STA) follow Poisson distribution with packet arrival rate (). The range of packet arrival rate is adjusted to cover buffer occupancy (BO) from 20% to 60% in the case of the baseline which is WiFi only scenario.
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	Outdoor

	BO
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Figure 1. BO for indoor case w.r.t. 
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Figure 2. BO for outdoor case w.r.t. 

	Average UPT
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Figure 3. Average UPT for indoor case w.r.t. 
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Figure 4. Average UPT for outdoor case w.r.t. 

	UPT CDF

(Medium load)
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Figure 5. UPT CDF for indoor case with 
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Figure 6. UPT CDF for outdoor case with 

	Delay CDF

(Medium load)
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Figure 7. Delay CDF for indoor case with 
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Figure 8. Delay CDF for outdoor case with 


As shown in above figures, we can observe that all the evaluated LAA schemes guarantee the performance of the coexisting WiFi better than that of the baseline scheme in terms of throughput as well as delay. We can also observe that in the WiFi performance aspect, Cat2 is better than Cat3. In addition, we can observe that in the LAA performance aspect, the performances of Cat2 and Cat3 are similar to each other. Comparing Cat3 and Cat4, it can be observed that WiFi performances are similar but LAA performance of Cat4 has better than that of Cat3, which may be because initial CW size used for Cat4 evaluation is smaller than q value used for Cat3 evaluation [10]. Hence, for Cat4, it is important to carefully study further details such as X and Y and how to adjust CW size and so on. Based on the simulation results presented in Figures 1~8, we have following observations.

Observation 1: In the LAA-WiFi coexistence scenario:

· For all evaluated LBT schemes, LAA guarantees better WiFi performance than the baseline WiFi performance.

· In the WiFi performance aspect, Cat2 is better than Cat3 with random back-off with fixed contention window size.

· In the LAA performance aspect, the performances of Cat2 and Cat3 are comparable to each other.

· There is a consistent tendency between the results in indoor case and those in outdoor case.
· Further study on the Cat4 performance is necessary considering various ranges of parameters for Cat4 operation

3.2. LAA-LAA coexistence scenario
Now, we consider the scenario that both operator #1 and operator #2 deploy LAA. In each simulation, we perform several runs with varing the timing gap between subframe boundaries of inter-operators and take averaging them. The simulation results are shown as follows.
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Figure 9. BO for indoor case w.r.t. 
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Figure 10. BO for outdoor case w.r.t. 

	Average UPT
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Figure 11. Average UPT for indoor case w.r.t. 
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Figure 12. Average UPT for outdoor case w.r.t. 

	UPT CDF
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Figure 13. UPT CDF for indoor case with 
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Figure 14. UPT CDF for outdoor case with 

	Delay CDF

(Medium load)
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Figure 15. Delay CDF for indoor case with 
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Figure 16. Delay CDF for outdoor case with 


Figures 9~16 show that Cat2 outperforms Cat3, which is mainly because intra-operator eNBs in a synchronized network benefit from the larger frequency reuse factor with Cat2 than Cat3. We can also observe that Cat4 can achieve about 20% performance gain over Cat3 since initial CW size of Cat4 is smaller than that of Cat3.
Observation 2: In the LAA-LAA coexistence scenario:

· In general, Cat2 shows better performance than Cat3.

· LBE-based DL LBT operation may be improved if eNB uses exponential random back-off depending on the detailed design of the exponential random back-off.

4. Summary and conclusion
In this contribution, we have presented the system level evaluation results on coexistence performance. Moreover, we compared several LBT schemes of Cat2, Cat3, and Cat4. Our observations are summarized as follows:

Observation 1: In the LAA-WiFi coexistence scenario:

· For all evaluated LBT schemes, LAA guarantees better WiFi performance than the baseline WiFi performance.

· In the WiFi performance aspect, Cat2 is better than Cat3 with random back-off with fixed contention window size.

· In the LAA performance aspect, the performances of Cat2 and Cat3 are comparable to each other.

· There is a consistent tendency between the results in indoor case and those in outdoor case.
· Further study on the Cat4 performance is necessary considering various ranges of parameters for Cat4 operation

Observation 2: In the LAA-LAA coexistence scenario:

· In general, Cat2 shows better performance than Cat3.

· LBE-based DL LBT operation may be improved if eNB uses exponential random back-off depending on the detailed design of the exponential random back-off.
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6. Appendix
	
	LAA
	WiFi

	Macro cell layout
	19 sites

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	Initial CCA: 34 us

Extended CCA: 24 us

Defer period: 34 us
	8 us

	TX burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop
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