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1. Introduction 
Licensed-Assisted Access using LTE, also referred to as LAA in the rest of this contribution, is considered as a potential solution to provide an efficient use of unlicensed spectrum as a complement to licensed deployments. At RAN #65, a new Rel-13 SI [1] was approved to study the feasibility and evaluate LTE enhancements for a single global solution framework of licensed-assisted access to unlicensed spectrum. The main objectives of the study item include [1]:

· Document relevant regulatory requirements. 

· Define an evaluation methodology and possible scenarios for LTE deployments

· Define design targets for coexistence with other unlicensed spectrum deployments

· Identify and evaluate physical layer options and enhancements to LTE

Since the spectrum is license-exempt and therefore can be shared by different radio access technologies (RATs) and/or multiple operators, fair coexistence would be one of the most important design criteria for LAA. In such a context, the main goal of this contribution is to discuss the design targets for coexistence with other unlicensed spectrum deployments.
2. Design Targets 
Due to the nature of license-exempt spectrum, one of the most important design criteria for Licensed-Assisted Access using LTE should be ensuring fair coexistence with other unlicensed spectrum deployments, e.g., Wi-Fi or LAA deployed by other operators. Since fairness can be defined and interpreted in different ways, a clear definition of fairness is required in the context of coexistence with other unlicensed spectrum deployments. To be more specific, quantitative  metrics should be defined to ensure equitable coexistence between different RATs and/or different operators. However, it may not be straightforward to define fair sharing metrics between LAA and Wi-Fi, since they may use different medium access protocols depending on the LAA design, different waveforms, different transmission durations, different transmit power, etc. The following principle is given in [1] as an example. 

· LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier.
This principle is to guarantee the same Wi-Fi performance as in the scenario when the interfering (or co-existing) network is Wi-Fi. Therefore, we propose to adopt this metric as a design target for LAA.
Proposal 1: A design target of LAA for coexistence with other unlicensed spectrum deployments is that LAA should not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier.
A natural question that arises is, “How to measure the amount of impact?” The answer to this question typically depends on the traffic type and its relevant performance requirements. For instance, according to the VoIP traffic model in [2], a VoIP user is declared to be in outage, i.e., not satisfied, if the user’s 98% percentile delay exceeds 50 ms. This assumes an end-to-end delay below 200 ms for mobile-to-mobile communications. Therefore, in order to judge whether a particular LAA design meets the above design principle, we first need to determine what kinds of services, or what kinds of traffic models are to be evaluated.
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Figure 1. An illustration of different Wi-Fi performances under different LAA behaviours
Evaluation of different services
Different services, e.g., data, video, and voice, typically have different packet arrival patterns, different packet sizes, and different QoS requirements such as delay and/or jitter. Therefore, performance results with one particular traffic model is not sufficient to examine the actual impact of LAA on Wi-Fi for other services (or other traffic models). Figure 1 illustrates how the impact of LAA on Wi-Fi can vary from one service to another even though the same Wi-Fi throughput is achieved under different LTE behaviors. In the two cases of the figure, the Wi-Fi nodes have the same throughput averaged over duration T. If the two Wi-Fi nodes are downloading or uploading FTP data, the performance of the two cases can be the same since what matters for FTP is typically how long it takes to complete downloading. In contrast, if service type of the two Wi-Fi nodes is real-time traffic, e.g., VoIP or video streaming, the performance of Case 1 can be substantially worse than Case 2. Based on the above observation and discussion, we make the following proposal.
Proposal 2: The impact of LAA on Wi-Fi should be evaluated for various services including data, video, and voice services. 

· Corresponding traffic models should be appropriately defined, along with performance metrics for each traffic model. 

· It should be reasonable to reuse traffic models and relevant performance metrics defined in [2] and [3] for voice (VoIP) and data (FTP), respectively.  
A sample traffic model for video traffic is provided in the Appendix for further consideration. 
Design Targets for Coexistence with LAA deployed by other operators 
Given that Wi-Fi systems have been designed for fair use of the spectrum among different nodes, once an LAA design meets the design targets defined by Proposal 1 and Proposal 2, it should also lead to fair coexistence with LAAs deployed by other operators. Therefore, it may not be necessary to define further requirements on top of the design targets for coexistence with Wi-Fi, although some additional optimizations can be considered if sufficient performance benefit is observed.  

Considerations on the performance of physical signals and related procedures
In addition to evaluating the coexistence impacts on the data transmission, the potential impact on the robustness of LAA and WiFi operations should be studied. For instance, in LAA, even though it would be desirable to transmit the control channels (e.g., PDCCH) related to unlicensed operation through the licensed carrier, some physical signals, e.g., new/existing signals for cell identification, synchronization and channel quality measurements, are likely to be transmitted over the unlicensed carrier. The performance of the physical signals of LAA and WiFi (e.g., preamble) transmitted over unlicensed carrier and its impact, e.g., on RRM and CSI measurement/report, should be evaluated.

Proposal 3: The performance of the physical signals of LAA (e.g., new/existing signals for synchronization and channel quality measurements) and WiFi (e.g., beacon frame) transmitted over unlicensed carrier(s) and its impact, e.g., on RRM and CSI measurement/report, should be evaluated.
Various indoor/outdoor deployment scenarios
Suppose that the serving LAA eNB is located outside of a building whereas the LAA UE, Wi-Fi APs/STAs are inside of the same building. It may happen that the serving eNB is not able to detect ongoing Wi-Fi transmissions and transmits data to the LAA UE. In this case, sensing the medium by the LAA UE could improve the LAA performance. Therefore, it would be desirable to evaluate various indoor/outdoor scenarios, e.g., to improve the LAA performance. Based on this observation, we propose: 
Proposal 4: Various indoor/outdoor deployment scenarios and their impact on LAA as well as Wi-Fi should be studied.
3. Conclusions

In this contribution, we discussed design targets of Licensed-Assisted Access using LTE, focusing on coexistence with other unlicensed spectrum deployments. Based on the presented discussion, we summarize our views through the following proposals and observation:
Proposal 1: A design target of LAA for coexistence with other unlicensed spectrum deployments is that LAA should not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier.
Proposal 2: The impact of LAA on Wi-Fi should be evaluated for various services including data, video, and voice services. 

· Corresponding traffic models should be appropriately defined, along with performance metrics for each traffic model. 

· Reuse traffic models and relevant performance metrics defined in [2] and [3] for voice (VoIP) and data (FTP), respectively.  

Observation: Given that Wi-Fi has been designed for fair use of the spectrum among different nodes, once an LAA design meets the design targets for coexistence with Wi-Fi, we may not need further requirements for coexistence with LAAs deployed by other operators.
Proposal 3: The performance of the physical signals of LAA (e.g., new/existing signals for synchronization and channel quality measurements) and WiFi (e.g., beacon frame) transmitted over unlicensed carrier(s) and its impact, e.g., on RRM and CSI measurement/report, should be evaluated.
Proposal 4: Various indoor/outdoor deployment scenarios and their impact on LAA as well as Wi-Fi should be studied.
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Appendix: A Near Real Time Streaming Video Traffic Model
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Figure 2. A near real time streaming video traffic model

· Deterministic Frame Size (duration), TB
· Truncated Pareto distributed packet/slice size
· Truncated Pareto distributed packet/slice inter-arrival time
· Average data rate: 4 Mbps (simulation parameter)
· Performance Criteria: Video outage per user 

· 98 % Video Frame Delay exceeds > De-jitter buffering delay
Table 1. Parameters 
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