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1. Introduction 
Some aspects related to the evaluation methodology and deployment scenarios for the investigation of coexistence between Wi-Fi and LAA networks as well as coexistence between LAA networks have been agreed during the RAN1 #78bis meeting and as part of RAN1 email discussion following the RAN1 #78bis meeting. However, many details are still open. 
In this contribution, we first introduce a new performance metric, load factor (LF) that is defined as the portion of time when an LAA eNB or Wi-Fi AP has data to transmit. The new metric not only helps interpreting the performance results but also serves as a parameter to define different simulation scenarios, e.g., high traffic load or low traffic load. Then, we discuss remaining details of coexistence evaluation methodology.        

2. Load factor

The Resource utilization (RU) [1] has been widely used as a performance metric to indicate how much portion of the total eNB resources are actually used during the simulation.     

· Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time
The RU can be a useful metric for a scenario wherein each eNB sends PDSCH whenever it has data to transmit, which is the typical evaluation scenario except in the case when some inter-eNB interference coordination scheme is applied, e.g., ABSs.  However, the RU may not accurately describe the traffic load in LAA evaluation scenarios since listen-before-talk (LBT) leads to a frequency reuse factor > 1. Let us take an example. 

· Example 1: Suppose that there are four LAA eNBs in proximity to each other using the same unlicensed channel such that the transmission from any eNB can be sensed (energy detection) by all the other eNBs. With full buffer traffic, the RU of each eNB would be roughly 25% (or less depending on the LBT design) when a sophisticated LBT is applied. 

As shown in the example, a low RU does not necessarily mean that actual traffic load is low and therefore the RU may not be a valid parameter especially when the frequency reuse factor is larger than one. As an alternative, we propose the following metric to describe the traffic load for each eNB (or AP):
· Load factor = Sum of time period when the eNB (or Wi-Fi AP) has data to transmit during the observation time / Total observation time
The observation time can be different from the total simulation time, e.g., when some initial transition time is excluded for more stable and more reliable simulation results. In Example 1, the load factor of each eNB is 100% implying that each eNB has data to transmit all the time. The load factor can be also used to characterize the simulation scenarios, for instance, 60-70% load factor can be used to simulate a high traffic load scenario while 10-20% (20-30%) load factor to simulate a low traffic load scenario. 
Proposal 1: A new metric, load factor is used to characterize the traffic load in LAA performance evaluations.  

· Load factor = Sum of time period when the eNB (or Wi-Fi AP) has data to transmit during the observation time / Total observation time

Load factor of 60-70%, 30-40%, and 10-20% load factors are used to simulate high load, medium load, and low load scenarios, respectively. 
3. Remaining details of coexistence evaluation assumptions
In this section, we present our views on remaining details of coexistence evaluation assumptions. 
Layout (Indoor scenario)

Open question: Two operators deploy X small cells each in the single-floor building. Two alternatives are currently being considered:
· Alt. 1: The small cells are equally spaced in the center of the building for all nodes.

· Alt. 2: The small cells are equally spaced in the center of the building for all nodes belonging to one operator. The distance between two closest nodes from two operators is random.
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Figure 1. Two alternatives for indoor layout (left: Alt. 1 and right: Alt. 2)

Alt. 2 would be more realistic than Alt. 1. However, from the perspective of coexistence evaluation, the interaction between neighboring eNBs/APs would be similar between the two alternatives. To be more specific, the main difference between the two alternatives is the distance between the pairs of two adjacent eNBs/APs. This difference would take effect only when a common unlicensed channel is used for some pair(s) of adjacent eNBs/APs. However, once adjacent eNBs/APs are camped on the same carrier, the interference power between the nodes would be strong enough to be detected for both alternatives. Thus, we would not expect a significant difference between the two alternatives at least from the coexistence evaluation perspective. Alt. 1 would be slightly preferred since it can remove unnecessary randomness in the simulations, leading to more tractable and repeatable results with comparatively lesser simulation efforts. 
Proposal 2: For indoor layout, Alt. 1 is used for coexistence evaluation. 
Carrier number (Indoor and Outdoor scenario)
· Alt. 1: X = Y = 4

· Alt. 2: X = Y = 10

· Alt. 3: X = 4, Y = 1

· Alt. 4: {Alt. 1 or Alt. 2} + Alt. 3,
where X is the number of small cells per cluster per operator (outdoor) or the number of small cells per building per operator (indoor), and Y is the number of 20MHz unlicensed channel. 
 Since Alt. 1 seems to be the most realistic case among the alternatives, we propose Alt. 1 as baseline. 

Proposal 3: For carrier number, Alt. 1 is baseline and other alternatives are optional.
Traffic model (Indoor and Outdoor scenario)

Real-time traffic such as VoIP should be evaluated together with FTP traffic to accurately investigate the LAA impact on Wi-Fi for different services [2]. There seems no need for Video traffic since VoIP traffic may be able to mostly capture the impact of LAA on Wi-Fi for delay-sensitive services. Note that what is important is to see how the LAA behavior affects small packets in terms of the delay performance. One possible way to minimize simulation complexity is to simulate mixed traffic, by which we can reduce the number of simulation scenarios. Given that we are not studying VoIP capacity of Wi-Fi, a small number of VoIP users, e.g., 2-3 VoIP users per AP would be enough from the coexistence evaluation perspective. Based on the above discussion, we propose the following mixed traffic model.

· ‘Wi-Fi (operator1) + Wi-Fi(operator2)’ and ‘Wi-Fi(operator1) + LAA(operator2)’

· Wi-Fi of operator 1: X1 VoIP users per AP + Y1 FTP users per building (indoor) or per cluster (outdoor). Our proposal is X1 = 2 and Y1 = 60.

· Wi-Fi or LAA of operator 2: Y2 FTP users per building (indoor) or per cluster (outdoor). Proposed Y2 = 60

· ‘LAA(operator1) + LAA(operator2)’

· ‘FTP only’ for both operators 

· Traffic model

· FTP model 3: file size = Y MB (Y = 0.3 or 0.5 seems reasonable) with various mean inter-arrival times (lambda) to control the system load, i.e., load factor introduced in Section 2.

· VoIP: G729A (proposed by CableLabs: 78 bytes packets including Ethernet and IP header, 20 ms inter-arrival time, resulting in a bit rate of 31.2 kbps)

Performance metrics
We propose the following performance metrics.  

·  For VoIP, the number of users whose 98%tile latency > 50 ms
·  For FTP, user perceived throughput (UPT)
4. Conclusions
In this contribution, we presented our views on remaining details of LAA evaluation methodology. Based on the presented discussion, we summarize our views through the following proposals:
Proposal 1: A new metric, load factor is used to characterize the traffic load in LAA performance evaluations.  

· Load factor = Sum of time period when the eNB (or Wi-Fi AP) has data to transmit during the observation time / Total observation time

Load factor of 60-70%, 30-40%, and 10-20% load factors are used to simulation high load, medium load, and low load scenarios, respectively. 

Proposal 2: For indoor layout, Alt. 1 is used for coexistence evaluation. 

Proposal 3: For carrier number, Alt. 1 is baseline and other alternatives are optional.
Proposal 4: The mixed VoIP and FTP model described in Section 3 is used for coexistence evaluation, with the following performance metrics: 
· For VoIP, the number of users whose 98% delay > 50 ms;
·  For FTP, user perceived throughput (UPT).
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