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1. Introduction
In RAN#65, the study on Licensed-Assisted Access (LAA) using LTE was approved [1]. In this contribution, we share our views about evaluation methodologies and metrics for co-existence performance evaluation on LAA-WiFi and LAA-LAA.

2. Evaluation methodologies and performance metrics

2.1. Evaluation methodologies and performance metrics for measuring the impact on Wi-Fi
WiFi access points have been widely deployed all over the world already. 
Therefore, several companies raised the concerns for the performance degradation of existing WiFi services by introducing LAA service in unlicensed band.

To measure the impact on Wi-Fi services by introducing LAA cells, UPT (User perceived throughput) of WiFi and latency of WiFi are considered as the appropriate metrics.
The impact of LAA on Wi-Fi is given by comparing UPT and latency of a Wi-Fi with the presence of another operator’s LAA cells, as shown in left side of Fig. 1, and with the presence of another operator's Wi-Fi cells, as shown in right side of Fig. 1. The impact on WiFi is considered to be small when both cases yield similar values in at least all average and 5%ile cases.
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Fig. 1: Evaluation methodology for measuring the impact on Wi-Fi (Right: LAA-WiFi coexistence scenario, Left: WiFi only scenario)
Proposal 1:

· The performance metrics for measuring the impact on Wi-Fi

· Comparing UPT of WiFi with the presence of another operator’s LAA cells (i.e., LAA-WiFi coexistence scenario) and UPT of WiFi without LAA cells (i.e., Wi-Fi only scenario). 

· Average UPT and 5%ile UPT should be evaluated

· UPT of WiFi does not include UPT of LTE macro cell.

· Comparing latency of WiFi with the presence of another operator’s LAA cells (i.e., LAA-WiFi coexistence scenario) and latency of WiFi without LAA cells (i.e., Wi-Fi only scenario). 

2.2. Evaluation methodologies and performance metrics for measuring the impact from the other operator’s LAA services
Not only the coexistence of LAA and WiFi but also the coexistence of LAA systems with multiple operators is one of the important scenarios for this study item.

The unlicensed band is considered to be used for LAA service so there is no frequency allocation for each operator. Therefore, LAA services of different operators potentially coexist on the same frequency (e.g.,, co-channel case).
Therefore, comparison of UPT of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and UPT of LTE+LAA without another operator’s LAA cells (i.e.,  single operator’s LAA scenario) may be appropriate to measure the impact from another operator’s LAA services.
Not only the UPT, comparing latency of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator LAA’s scenario) and latency of LTE+LAA without LAA another operator’s cells (i.e., single operator’s LAA scenario) may be appropriate to measure the impact from another operator’s LAA services. 
To measure the impact from another operator’s LAA services, we should assume carrier aggregation between macro layer and unlicensed frequency layer as described in the agreed LAA WID [1]. The impact and the benefit should be measured under the realistic assumption as much as possible so we think UPT of LTE (i.e., macro layer) plus LAA (i.e., unlicensed frequency layer) should be used as the performance metrics.
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Fig. 2: Evaluation methodology for measuring the impact from the other operator’s LAA services (Left: Multi operator’s LAA scenario, Right: Single operator’s LAA scenario)
Proposal 2:

· The performance metrics for measuring the impact from the other operator’s LAA services

· Comparing UPT of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and UPT of LTE+LAA without another operator’s LAA cells (i.e., single operator’s LAA scenario).
· UPT of LTE+LAA should be considered following

· Average and 5%ile UPT in macro layer plus unlicensed frequency layer
· The following metrics should be provided in addition to the above
· Average and 5%ile UPT in macro layer

· Average and 5%ile UPT in unlicensed frequency layer

· Comparing latency of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and latency of LTE+LAA without LAA another operator’s cells (i.e., single operator’s LAA scenario).
2.3. Evaluation methodologies and performance metrics for measuring the benefit of LAA over WiFi
From the operator’s point of view, the performance and cost benefit by introducing LAA over by introducing WiFi is one of the important criteria to make a decision to introduce this technique.

Therefore, the performance benefit of LAA over WiFi should be studied in this study item. We can assume two different cases to measure this benefit as follows.

Case 1: Comparing “Multi operator’s LAA scenario” and “WiFi only scenario” as in Figure 3.
Case 2: Comparing “LAA-WiFi coexistence scenario” and “WiFi only scenario” as in Figure 4.
For case 1, comparison of UPT of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and UPT of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario) may be appropriate to measure the impact from the other operator’s LAA services. 
For case 2, comparison of UPT of LTE+LAA with the presence of WiFi nodes (i.e., LAA-WiFi coexistense scenario) and UPT of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario) may be appropriate to measure the impact from the other operator’s LAA services. 
As similar to the previous section, we should assume carrier aggregation between macro layer and unlicensed frequency layer as described in the agreed LAA WID [1] to measure the benefit of LAA over WiFi. The impact and the benefit should be measured under the realistic assumption as much as possible so we think UPT of LTE (i.e., macro layer) plus LAA (i.e., unlicensed frequency layer) should be used as the performance metric. In this case, WiFi is considered to be utilized to offload the data from the macro layers. Therefore, UPT of LTE+WiFi is considered to be the appropriate metric rather than UPT of WiFi only.
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Fig. 3: Evaluation methodology for measuring the benefit of LAA over Wi-Fi (case 1) (Left: Multi operator’s LAA scenario, Right: WiFi only scenario)
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Fig. 4: Evaluation methodology for measuring the benefit of LAA over Wi-Fi (case 2) (Left: LAA-WiFi coexistence scenario, Right: WiFi only scenario)
Proposal 3:

· The performance metrics for measuring the benefit of LAA over WiFi

· Case 1: 

· Comparing UPT of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and UPT of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario). 

· FFS: Comparing latency of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and latency of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario).
· Case 2:

· Comparing UPT of LTE+LAA with the presence of WiFi nodes (i.e., LAA-WiFi coexistence scenario) and UPT of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario). 

· FFS: Comparing latency of LTE+LAA with the presence of WiFi nodes (i.e., LAA-WiFi coexistence scenario) and latency of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario).
· For both cases, UPT should be considered as below

· UPT of LTE+LAA should be considered as following

· Average and 5%ile UPT in macro layer plus unlicensed frequency layer
· UPT of LTE+WiFi should be considered as following

· Average and 5%ile UPT in macro layer plus WiFi
2.4. Different UPT assumptions as the metrics for different evaluation methodologies

As we discussed in the above sections, appropriate UPT may be different for different evaluation methodologies as shown in Table 1.
To measure the impact on WiFi, the UPT of only WiFi, not including UPT of LTE, has to be measured. One of the purposes of this evaluation is to measure the impact on standalone WiFi service by introducing LAA cells. Therefore, UPT of WiFi is considered as the fair performance metric in this case.
On the other hand, to measure the impact from other operator’s LAA or the benefit of LAA over WiFi, we should assume carrier aggregation between macro layer and unlicensed frequency layer as described in the agreed LAA WID [1]. The impact and the benefit should be measured under the realistic assumption as much as possible so we think UPT of LTE (i.e., macro layer) plus LAA (i.e., unlicensed frequency layer) should be used as the performance metric for both cases.
For measuring the benefit of LAA over WiFi, we think UPT of LTE+WiFi should be used as one of the performance metric since the purpose of this evaluation is to allow to compare the performance gain by introducing LAA carrier aggregated with macro layer over introducing WiFi with LTE macro layer service.

Although we shared our opinions about the evaluation of UPT in terms of appropriate metrics in the above discussion, the same principle is applicable for evaluation of the latency.

Table 1: Consideration of appropriate UPT as the performance metric for different evaluation methodologies
	
	Impact on WiFi
	Impact from another operator’s LAA
	The benefit of LAA over WiFi

	UPT of WiFi or LAA
(i.e., Not including macro layer UPT)
	Fair
	Unfair
	Unfair

	UPT of LTE+LAA

Or

UPT of LTE+WiFi

(i.e., including macro layer UPT)
	Unfair
	Fair
	Fair


3. Conclusion
We provided our views on design targets for coexistence, identifying possible performance metrics for fairness and scenarios where to evaluate them.
Proposal 1:

· The performance metrics for measuring the impact on Wi-Fi

· Comparing UPT of WiFi with the presence of another operator’s LAA cells (i.e., LAA-WiFi coexistence scenario) and UPT of WiFi without LAA cells (i.e., Wi-Fi only scenario). 

· Average UPT and 5%ile UPT should be evaluated

· UPT of WiFi does not include UPT of LTE macro cell.

· Comparing latency of WiFi with the presence of another operator’s LAA cells (i.e., LAA-WiFi coexistence scenario) and latency of WiFi without LAA cells (i.e., Wi-Fi only scenario). 

Proposal 2:

· The performance metrics for measuring the impact from the other operator’s LAA services

· Comparing UPT of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and UPT of LTE+LAA without another operator’s LAA cells (i.e., single operator’s LAA scenario).
· UPT of LTE+LAA should be considered following

· Average and 5%ile UPT in macro layer plus unlicensed frequency layer
· The following metrics should be provided in addition to the above
· Average and 5%ile UPT in macro layer

· Average and 5%ile UPT in unlicensed frequency layer

· Comparing latency of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and latency of LTE+LAA without another operator’s LAA cells (i.e., single operator’s LAA scenario).
Proposal 3:

· The performance metrics for measuring the benefit of LAA over WiFi

· Case 1: 

· Comparing UPT of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and UPT of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario). 

· FFS: Comparing latency of LTE+LAA with the presence of another operator’s LAA cells (i.e., multi operator’s LAA scenario) and latency of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario).
· Case 2:

· Comparing UPT of LTE+LAA with the presence of WiFi nodes (i.e., LAA-WiFi coexistence scenario) and UPT of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario). 

· FFS: Comparing latency of LTE+LAA with the presence of WiFi nodes (i.e., LAA-WiFi coexistence scenario) and latency of LTE+WiFi with the presence of WiFi nodes (i.e., WiFi only scenario).
· For both cases, UPT should be considered as below

· UPT of LTE+LAA should be considered as following

· Average and 5%ile UPT in macro layer plus unlicensed frequency layer
· UPT of LTE+WiFi should be considered as following

· Average and 5%ile UPT in macro layer plus WiFi
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