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1. Introduction
At RAN#65 a new study item on Licensed-Assisted Access using LTE (LAA LTE) was approved [1]. One of the objectives of the study is to: “Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to WLAN and other LAA services”. In this contribution, we discuss some coexistence scenarios and derive some metrics that are important to consider for fair-sharing with WLAN.  
2. Discussion

2.1 Example network topology
One of the goals of the LAA LTE study item is to determine means to avoid negative impact on the incumbent unlicensed technologies like WLAN. Specifically, [1] says that “LAA should not impact WLAN services (data, video and voice services) more than an additional WLAN network on the same carrier”. So, RAN1 should define metrics that would quantify impacts to the service quality of data, video, voice, etc. on WLAN and then evaluate various LAA LTE solutions to ensure that LAA LTE meets the above requirement. In order to quantify and isolate the impact to the victim WLAN network, the impact to the victim WLAN network should be studied in presence of neighbouring aggressor LAA-LTE networks. An example set of scenarios as shown in Figure 1 may be considered (using the 3GPP dual-strip model [2]):
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Figure 1: Co-existence analysis 
In the above, Scenario 1 establishes a performance reference in a victim WLAN network surrounded by a set of aggressor WLAN networks, to which the performance in presence of aggressor LAA-LTE nodes of Scenario 2 will be compared. All the networks in the figure operate in the same channel using 20 MHz bandwidth. 
2.2 WLAN technology

Different generations of WLAN networks are deployed in the field today. For the purpose of co-existence studies, it is important to consider the impact using the appropriate generation of WLAN (both as victim and aggressor networks) in this study. It is proposed to use 802.11ac as the basis for the co-existence analysis. This is the latest available standard of WLAN and can be assumed to be representative of majority WLAN deployments in the near future. 
2.3 Traffic

For both scenario 1 and scenario 2, it is proposed that full buffer traffic is assumed with offered load on the victim network equal to or exceeding the network capacity. This is to ensure that any reduction in throughput or other metrics in the victim WLAN network is visible in the presence of the aggressor networks. The traffic in the aggressor networks should be varied (see section 2.4) for studying the impact on various metrics in the victim WLAN network in scenario 1 and scenario 2. 
2.4 Coexistence metrics

2.4.1 Throughput
The goal of the throughput metric for coexistence analysis is to study the impact of the aggressor WLAN networks on the victim WLAN network and to compare it with the impact caused by the LAA-LTE network. It is proposed to compare the throughput in the victim WLAN network in scenario 1 and scenario 2. The requirement here shall be that for any given offered load in the aggressor network, the throughput in the victim WLAN network in scenario 2 shall not be lower than that of scenario 1. The CDF of throughput across all the STAs in the victim WLAN network or the 99 percentile throughput can be compared in this case between the scenarios. 
2.4.2 Latency and jitter
In this case the access delay in the victim WLAN network (i.e. the time taken from when a packet is submitted to WLAN MAC layer to when a successful MAC acknowledgement is received for the corresponding packet) is compared between scenario 1 and scenario 2 as a function of offered load in the aggressor network. The comparison can be captured as a CDF of the access delay or for instance the 99 percentile delay in the victim network. The requirement shall be that the access delay in scenario 2 is not greater than that in scenario 1. 
Similarly the jitter of access delay can be measured as the variance of the access delay in the victim network using the same requirement as above (i.e. this is inherent in the CDF of the access delay). 

2.4.3 Power consumption

Power consumption of the WLAN terminals should not degrade because of the presence of LAA-LTE network. The power consumption is a function of active time on the channel (both transmitting and receiving). In order to quantify this metric, the 99 percentile active time or the CDF of the active time across the STAs in the victim WLAN network (i.e. time for transmitting a packet on the channel + time for listening or receiving on the channel) shall be measured in the victim WLAN network as a function of offered load in the aggressor networks. The requirement shall be that the active time for the WLAN terminals shall not be higher in case of scenario 2 than that of scenario 1.  
2.4.4 Medium occupancy time

The amount of time available for the victim WLAN network to transmit on the unlicensed medium is reduced as the aggressor networks occupy the channel. The total medium occupancy time on the victim WLAN network as a function of the load in the aggressor networks in scenario 1 and scenario 2 shall be compared and the requirement shall be that the medium occupancy time of the victim WLAN network in scenario 2 shall not be lower than that in scenario 1 for a given offered load in the aggressor networks.  

2.4.5 Number of transmission retries 

Interference from the aggressor networks will result in transmission failure and retry on the WLAN side. This aspect may be captured by measuring the number of transmission retries at MAC level. The number of transmission failures in the victim WLAN can be captured as a function of load in the aggressor networks both for scenario 1 and scenario 2 and the criterion shall be that the transmission failures in scenario 2 shall not exceed that in scenario 1. 

3. Conclusion and Recommendations
Proposal 1: RAN1 should consider the above metrics for evaluation of fair sharing of LAA LTE

Proposal 2: RAN1 should compare the candidate LAA-LTE solutions against these metrics and only those that meet the target criteria shall be considered as candidates for LAA LTE.
4. References
[1] RP-141664, Study on Licensed-Assisted Access using LTE, Ericsson et.al
[2] 3GPP TR 36.814 V 9.0.0, Further advancements for E-UTRA physical layer aspects,  

