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1. Introduction

At the RAN#65 meeting, the study item for Licensed-Assisted Access using LTE (LAA) [1] was agreed upon. It is suggested that the study objective should focus on the following areas.
1) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]

2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]

· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]

· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4]

3) Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [RAN1]
4) Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2]
5) Assess the feasibility of base station and terminal operation of 5GHz band (based on regulatory limits) in conjunction with relevant licensed frequency bands. [RAN4] 

In this contribution, we discuss possible co-existence techniques for LAA to fulfill the target performance requirement of both inter-LAA-operator co-existence and inter-RAT co-existence, e.g. LTE and Wi-Fi co-existence. In addition, preliminary system level evaluation results are provided for each technique in both inter-LAA-operator and inter-RAT co-existence scenarios.
2. Possible Solutions for Fair Coexistence  
There are two kinds of interference in an un-licensed band that needed to be considered for fair co-existence design of LAA. One is inter-RAT interference. Co-existence mechanism of LAA should ensure the fair spectrum usage with other RAT, e.g. Wi-Fi. The other is intra-RAT interference, especially inter-LAA operator interference. If tight synchronization is assumed across LAA operators, it is possible to suppress inter-operator interference via e.g., advanced receiver technique. If un-synchronization across LAA operators is assumed, LBT based on cross-correlated detection could help to handle the inter-operator interference.   Although the LBT is required by regulations in some countries, we can also study other techniques for the fair coexistence and better performance of LAA. In this section, we discuss following three techniques for LAA to co-exist with Wi-Fi system.
Listen before talk (LBT)
In Wi-Fi system, the carrier sense multiple access with collision avoidance (CSMA/CA) mechanism is adopted for each Wi-Fi points (AP/STA) to co-exist with other Wi-Fi points [2]. By CSMA/CA, a Wi-Fi point should sense the channel before transmitting packet data. Once the channel is sensed as a clear channel, the Wi-Fi could occupy the channel for packet transmission after a random back off timer. This procedure is called as “listen before talk”. 

LAA can apply such LBT mechanism to achieve the fair coexistence with Wi-Fi system. Considering the physical subframe structure of LTE and short sensing duration such as several tens of microseconds in Wi-Fi, some of the symbols in a subframe can be used for the channel sensing. If the channel is clear, the remaining symbols in the subframe could be used for data transmission; otherwise the remaining symbols in the subframe should be muted. This means that LBT-based LAA keeps 1 ms periodicity of subframe boundaries and each subframe may be on or off according to the LBT result. Then in the scenario of Wi-Fi and LBT based LAA co-existence, Wi-Fi could occupy the channel and ensure its service during LBT and muting period of LAA, while LAA could transmit packet data when Wi-Fi is idle or during random back off procedure.
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Figure 1. Example of LAA transmission based on LBT mechanism
TDD Configuration with UL muting 

LAA cells could be configured as TDD mode to transmit packet data in DL subframes, while UL subframes can be muted for the coexistence, i.e., Wi-Fi can utilize the muting subframes of LAA for packet transmission. Such a low duty cycle approach has been studied and some evaluation results were shown [3-4]. The UL (muting) subframe ratio for LAA has large impact to the performance of coexisting Wi-Fi system. Larger UL subframe ratio can improve the throughput performance of Wi-Fi system, but would reduce the throughput performance of LAA due to the decreased available resources. This approach seems not a flexible approach to utilize the resource, since LAA could not use the resource when there is no transmission from Wi-Fi during the muting period of LAA.
Scheduling restriction (SR)  
Scheduling restriction is used for LAA scheduling module to achieve co-existence as shown in Figure 2. By using this method, LAA cell could schedule a UE for packet transmission only when the SINR of the UE is larger than a threshold. The threshold is set to a low value, e.g. -3.5dB, and the SINR is obtained based on CQI report and OLLA adjustment. For example, if a low SINR is reported from a LAA UE, eNB should not schedule the UE since low SINR indicates that the UE is suffering from the interference from neighbour points, e.g. Wi-Fi points. The 2 closely deployed LAA cell and Wi-Fi AP may interfere each other. If the LAA is restricted to be scheduled in the un-licensed band, then the neighbour Wi-Fi point can occupy the clear channel and transmit data very fast. Once the neighbour Wi-Fi finishes its transmission, the LAA UE could be scheduled since its SINR is increased when no interference from neighbour Wi-Fi point. 
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Figure 2. Scheduling restriction for LAA 
3. Initial Evaluation Results 
We evaluate the system level throughput performance of downlink for both Wi-Fi and LAA considering 3 co-existence scenarios of multiple operators for Wi-Fi – Wi-Fi coexistence, Wi-Fi – LAA coexistence and LAA – LAA coexistence. For these multiple operator scenarios, single channel of 20MHz in un-licensed band is assumed and Wi-Fi APs or LTE small cells of different operator are deployed independently in a cluster of a macrocell geographical area. 2 Wi-Fi APs or 2 LTE small cells are deployed in a cluster for each operator. The detailed description on co-existence scenarios could be found in our companion contribution [5]. The simulation assumptions are shown in the Annex. The co-existence mechanisms discussed in Section 2 are considered for LAA in the evaluation. The evaluation cases are listed as follow.   
· Baseline: Wi-Fi – Wi-Fi coexistence
· Case 1: Wi-Fi – LAA coexistence with following coexistence techniques for LAA 

· Case 1a: w/o co-existence mechanism 

· Case 1b: TDD configuration 3 with UL subframe muting 
· Case 1c: LBT 

· Case 1d: SR 

· Case 2: LAA – LAA coexistence with following coexistence techniques for LAA

· Case 2a: w/o co-existence mechanism 

· Case 2b: TDD configuration 3 with UL subframe muting 

· Case 2c: LBT 

· Case 2d: SR 

Since we assume a synchronous operation for LAA-LAA coexistence in the simulation, muting subframes in Case 2b are aligned between LAA operators and LBT timings in Case 2c are also aligned between LAA operators. Hence, Case 2c is equivalent to Case 2a since LBT never detect other operator in this case. In addition, since we assume LAA as DL only carrier in this initial evaluation, LAA can use all resources for DL transmission except for muting subframes in Case 1b/2b. Wi-Fi UL transmission is not assumed in this initial evaluation.
Figure 2 shows the evaluation results of above test cases. It is found that without coexistence techniques, Wi-Fi performance is degraded by LAA coexistence due to the greedy transmission of LAA and less opportunity for Wi-Fi to occupy the channel. The TDD UL subframe muting mechanism can ensure Wi-Fi performance if appropriate muting subframe ratio is set, but it degrades LAA performance significantly compared with LAA performance in case without coexisting mechanism since LAA has less resource for packet transmission. The LBT mechanism can ensure both Wi-Fi and LAA performances due to its flexibility of resource utilization compared to TDD mechanism. However, as shown in Figure 1, we assumed 1 ms LBT periodicity of LAA while the maximum burst length of Wi-Fi is 4 ms, i.e., it seems unfair setting. So, we should further investigate the LAA based on LBT with some configurable parameters, e.g., the lifetime of LBT and the LBT threshold, so that better LAA performance is achieved. In addition, the performance in Case 2c should be evaluated with asynchronous assumption between different LAA operators. The SR mechanism achieves best LAA performance and can ensure coexisting Wi-Fi performance since it achieving interference avoidance by prioritizing the transmission of high SINR UEs. Low SINR UEs could also be scheduled when interference level is reduced. The SR is based on the CQI report from UE, and hence due to the long feedback period and delay of reported CQI, it could not reflect real-time interference condition from Wi-Fi in the network.  As a result, some important Wi-Fi signals, such as ACK/NACK signals and beacon signals could not be well protected by the SR mechanism. 
Observation 1: LBT mechanism would be essential to achieve the fair coexistence with other unlicensed spectrum deployments including Wi-Fi and other LAA operators.
Observation 2: LAA based on LBT potentially improve the spectrum efficiency of unlicensed band compared with Wi-Fi.
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Figure 2. Evaluation results of co-existence mechanisms in multiple operator scenarios
4. Other Issues in LAA 

Besides the co-existence mechanism for LAA DL transmission, e.g., LBT mechanism, other penitential issues should also be carefully discussed. We list some of our initial considerations as follow.   
Cell discovery and RRM measurement in unlicensed band
Considering the potential requirement of LBT for both Wi-Fi and LAA in un-licensed band, it is better that no or very small amount of signals will be transmitted by LAA cells when there is no packet data transmission. If no LBT-exempt transmission is assumed, the UE measurement results would vary according to the LBT results at each point. In addition, the same PCID may be used by different operators in proximity due to no coordination between operators. Therefore, the LAA cell discovery and RRM measurement in unlicensed band should be studied with the LBT mechanism. Furthermore, for the inter-operator interference handling, RRM measurement for inter-operator cells may be beneficial.
UL transmission in unlicensed band
UE would also need to perform LBT before its transmissions in unlicensed band. The Uplink LBT pattern design should take the fairness among multiple UEs into consideration. Besides, since the scheduler and LBT implementation are located in different points, the fixed timing relation between the UL grant received and UL transmission/retransmission cannot exist anymore. Furthermore, the scheduling information sent in the UL grant may not be suitable for the time when UE can actually start UL transmissions. 
5. Conclusion 

In this contribution, we discussed the possible techniques for fair co-existence in unlicensed band. In addition, preliminary system level evaluation results were provided for each technique in both inter-LAA-operator and inter-RAT co-existence scenarios. From the preliminary evaluation results, it is found that LBT for LAA could ensure both the Wi-Fi and LAA performance.
Observation 1: LBT mechanism would be essential to achieve the fair coexistence with other unlicensed spectrum deployments including Wi-Fi and other LAA operators.

Observation 2: LAA based on LBT potentially improve the spectrum efficiency of unlicensed band compared with Wi-Fi.
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Annex. Detailed evaluation assumptions
Table AI shows detailed simulation parameters used in the evaluation.

Table AI - Simulation Parameters
[image: image2.emf]Parameters LAA-LTE assumptions Wi-Fi assumptions

Bandwidth 20 MHz per channel, single channel case and multiple channel case

Frequency 5.0 GHz

DL Tx power 23 dBm

UE/STA receiver type MMSE receiver

Traffic model FTP model 1, Packet size: 0.5 Mbytes

Channel model ITU Urban Micro (UMi) with 3D distance (SCE model is reused)

BS/AP drop Random and uniform within 50 m cluster radius

Minimum distance between BSs/APs: 20 m(same operator), 0 m(different operators)

Number of cells per cluster per operator is {2, 4}

Number of clusters per macro geographical area is {1, 2}

UE/STA drop Random and uniform within 20 m radius from each BS/AP

Indoor UE/STA ratio: 0.8, Minimum distance to any BS/AP: 5 m

BS/AP selection Best RSRP-based cell selection, 0 dB handover margin

Antenna configuration 2D, Omni-directional, 2 by 2 CPA, 10 m height for BS/AP, 1.5 m height for UE/STA

Antenna gain 5 dBi at BS/AP, 0 dBi at UE/STA

MIMO Up to 2 streams

Wi-Fi assumption 

(802.11ac)

CSMA/CA (8us of one slot)

•

-82 dBm threshold for Wi-Fi devices

•

-62 dBm threshold for other RAT devices

•

No RTS/CTS 

•

Contention window: Min ,15 slot;  Max , 1023 slot 

Max 4 ms continuous transmission

MCS 0~9 in MCS table with BCC channel coding 

ACK for each 1.5 kbyte packet
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