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1. Introduction

At the RAN1#78bis meeting, the required functionalities and design targets for LAA were discussed and agreed as indicated below [1],  

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
From the discussion and agreements, it seems to be concluded that listen-before-talk (LBT) mechanism for  LAA system is necessary for fair coexistence with other systems in unlicensed spectrum even though LBT is not mandated in some regional regulatory requirements. In this contribution, we provide our initial evaluation results and corresponding considerations on the impact of LAA with LBT to coexisting Wi-Fi performance. System level evaluations for co-existence scenarios are performed with considering different burst length and CCA threshold settings for LBT mechanism in LAA. Our views on LBT design and frame structure for LAA with LBT are presented in our companion contribution [2].
2. LBT design for LAA
In the objective of the LAA SI [3], it is noted that LAA study item should focus on the Carrier Aggregation architecture where one or more low power SCell(s) operates in unlicensed spectrum and PCell operates in licensed spectrum. PCell of LAA operates normal LTE transmission with subframe boundary timing of 1ms. Therefore, as argued in [2], SCell in unlicensed band should also keep subframe boundary timing of 1ms to be aligned with subframe boundary of PCell for CA operation.   
Fig. 1 shows assumed frame structure of LAA with LBT and some different burst length settings in our initial evaluation. The first 2 OFDM symbols in a subframe are used for CCA. If the CCA result confirms the channel is busy, there will be no transmission during the remaining OFDM symbols in the subframe. Then LBT procedure will restart in the next subframe. If the CCA result confirms the channel is idle, the transmission is enabled in the subframes within the burst length. No LBT procedure and symbols for CCA exist during the subframes in the burst length. After the burst length, the channel will be released. Then LBT procedure is needed again for the next transmission. 
Maximum burst length and CCA threshold level are two important factors of LBT mechanism in LAA for fair co-existence with other systems in unlicensed spectrum, e.g., Wi-Fi. During the symbols for CCA in LAA, Wi-Fi nodes could have the opportunity to occupy the channel since the LAA small cell is muted. In large burst length designs of LBT in LAA, there will no muted symbols in the burst duration. In such a case, Wi-Fi would achieve relative lower performance due to longer delay for the transmission as there will be lower possibilities for Wi-Fi to seize the channel. On the other hand, high CCA threshold levels for LBT in LAA will leads performance degradation of Wi-Fi as well since high CCA threshold levels cause an aggressive transmission of LAA even when a certain received power of Wi-Fi is observed at the LAA transmitter. Therefore, we provide some evaluation results to investigate the impact of burst length and CCA threshold level of LAA with LBT to the neighbor Wi-Fi performance. 
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Figure 1. Assumed frame structure of LAA with LBT and different burst length settings 

3. Initial Evaluation Results 
System level evaluations of co-existence scenarios are performed with the outdoor deployment scenario. It is assumed that 1 carrier in unlicensed band with 20MHz bandwidth is shared by 2 operators in the cluster area. 2 Wi-Fi APs/LAA small cells for each operator are randomly deployed in the cluster area. PCell in the licensed band is not considered. In the simulation, DL user throughput is evaluated for both Wi-Fi and LAA. There is no uplink transmission modeling for either Wi-Fi or LAA in the unlicensed band. To ensure the good coverage in the unlicensed carrier for all UEs/STAs to be evaluated, the UE/STA is dropped only within 20m radius from the LAA small cell/Wi-Fi AP of its operator. FTP model 1 traffic with packet size of 0.5MB is assumed in the evaluation. For Wi-Fi, 4ms burst length is assumed and two different CCA threshold levels (-82 dBm for other Wi-Fi and -62 dBm for other RAT) are applied. For LAA, the maximum burst length of 1/4/10 ms and CCA threshold of -82dBm/-62dBm are assumed. Performance metrics of average, 5% and 50% UE packet throughput (UPT) are provided. In the evaluation, UEs/STAs arrived in the last few million seconds of the simulation time may have no opportunity to use the channel due to the CSMA/CA or LBT procedure. In order to avoid above situation, the throughput of the UE/STA which generated in the last 500 ms of the simulation, is not taken into account in the final throughput metric. The duration of 500 ms is approximately decided by the maximum packet transmission time needed for Wi-Fi if it uses the lowest MCS level. The detailed simulation assumptions are shown in the Annex. The evaluated co-existence scenarios are listed as follow.  
· Wi-Fi – Wi-Fi coexistence (Baseline)
· Wi-Fi and LAA with burst length of {1ms, 4ms, 10ms}  and CCA threshold level of {-62 dBm, -82 dBm}
 [image: image2.emf](a) Wi-Fi throughput 

Average UPT (bit/s/Hz)

Packet arriving ratio per operator Packet arriving ratio per operator

(b) LAA throughput 

0

0.5

1

1.5

3 4 5

Baseline

1 ms

4 ms

10 ms

0

0.5

1

1.5

2

2.5

3 4 5

1 ms

4 ms

10 ms



Figure 2. Average UE throughput of Wi-Fi and LAA with large packet size (0.5MB) and CCA threshold of -62dBm
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Figure 3. 5% UE throughput of Wi-Fi and LAA with large packet size (0.5MB) and CCA threshold of -62dBm
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Figure 4. 50% UE throughput of Wi-Fi and LAA with large packet size (0.5MB) and CCA threshold of -62dBm
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Figure 5. Average UE throughput of Wi-Fi and LAA with large packet size (0.5MB) and CCA threshold of -82dBm
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Figure 6. 5% UE throughput of Wi-Fi and LAA with large packet size (0.5MB) and CCA threshold of -82dBm
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Figure 7. 50% UE throughput of Wi-Fi and LAA with large packet size (0.5MB) and CCA threshold of -82dBm
Figure 2-4 shows average, 5% and 50% UE throughput performances of Wi-Fi and LAA with packet size of 0.5MB and CCA threshold of -62dBm. It is found that for Wi-Fi throughput, all maximum burst length configuration of {1ms, 4ms and 10ms} in LAA leads better performance than the baseline, i.e., the case of coexisting with another Wi-Fi, in terms of average, 5% and 50% UE throughput. One of the possible reasons is that Wi-Fi CCA threshold considering the power from other RATs (-62dBm) in Wi-Fi-LAA co-existence is larger than the Wi-Fi CCA threshold considering the power from Wi-Fi (-82dBm) in Wi-Fi –Wi-Fi co-existence. In this case, Wi-Fi may have larger possibility to use the channel if it co-exists with a LAA. It can also be found that with the increasing of maximum burst length of LBT, Wi-Fi throughput decreases while LTE throughput increases, especially in metric of average and 50% UE throughput. Since in large maximum burst length, once the channel is occupied by LAA, LAA will enjoy long time continuous transmission without LBT procedure and hence Wi-Fi should wait long time. In low traffic load case, above tendency is not obvious as large maximum burst length could enable LAA to finish packet transmission early then provide a free channel for Wi-Fi.  
Figure 5-7 shows average, 5% and 50% UE throughput performances of Wi-Fi and LAA with packet size of 0.5MB and CCA threshold of -82dBm in LAA. Compared to CCA threshold of -62dBm, LAA with CCA threshold of -82dBm is more sensitive to the interference from neighbors. Therefore, Wi-Fi could be protected by this feature and Wi-Fi could achieve more opportunity to use the channel while LAA throughput degrades. In Figure 6 (b), it is found that LAA achieves zero throughputs in 5% UPT as some of the LAA UEs could not occupy the channel due to its low CCA threshold.   
Observation 1: LAA with appropriate LBT design would ensure the coexisting Wi-Fi performance in Wi-Fi-LAA co-existence scenario, and would lead comparable or better Wi-Fi performance compared with Wi-Fi performance in Wi-Fi-Wi-Fi co-existence scenario. 
Observation 2: Lower CCA threshold level and shorter burst length in LAA increases the coexisting Wi-Fi performance and decreases the LAA performance in Wi-Fi-LAA co-existence scenario.
4. Conclusion 

In this contribution, we provided our initial evaluation results and corresponding considerations on the impact of LAA with LBT to coexisting Wi-Fi performance. From the preliminary evaluation results, it was found that LAA with appropriate LBT setting could ensure the Wi-Fi performance in the Wi-Fi-LAA coexistence scenario.
Observation 1: LAA with appropriate LBT design would ensure the coexisting Wi-Fi performance in Wi-Fi-LAA co-existence scenario, and would lead comparable or better Wi-Fi performance compared with Wi-Fi performance in Wi-Fi-Wi-Fi co-existence scenario. 
Observation 2: Lower CCA threshold level and shorter burst length in LAA increases the coexisting Wi-Fi performance and decreases the LAA performance in Wi-Fi-LAA co-existence scenario.
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Annex. Detailed evaluation assumptions
Table AI shows detailed simulation parameters used in the evaluation.

Table AI - Simulation Parameters
[image: image8.emf]Basic parameters Value

Bandwidth 20 MHz per channel, single channel

Carrier number 1

AP/small cell number per operator 2

DL Tx Power 23 dBm

SC/AP dropping Random and uniform within 50 m cluster radius

Mini. dist. b/w SC/AP 20 m of same operator, 3 m of different operator

UE/STA dropping Random and uniform within 20ms from its operator

SC/AP selection Best RSRP-based with 0dB handover margin

Antenna configuration 2D, 2x2 CPA, Omni-directional

MIMO Up to 2 streams

UE/STA receiver MMSE-IRC

Traffic model FTP model 1 with packet size of {0.5, 0.02} Mbytes

Channel model ITU UMi [6] with 3D distance

Simulation step 8 us

LAA parameters Value

Link adaptation Subband CQI and wideband PMI of 10ms periodicity

HARQ Chase combine

MCS QSPK/16QAM/64QAM

CCA (all) {-62dBm, -82dBm}

Scheduler Proportional fairness

Wi-Fi parameters Value

MCS 802.11ac MCS table

Channel coding BCC

DIFS 32 us

RTS/CTS N/A

Contention window Min: 15 slot; Max: 1023 slot

Max burst length 4 ms

Frame aggregation A-MPDU

MPDU 1.5 K Byte size

Link adaptation Open loop using ACK

CCA-CS (Wi-Fi ) -82 dBm

CCA-ED (all) -62 dBm

Scheduler Round-robin
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