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1 Introduction

In RAN1#78bis, deployment scenarios and general evaluation methodologies for LAA were discussed and the followings were agreed:

Agreements:
· Scenarios for coexistence evaluations include
· Indoor (based on SCE 3 + unlicensed band)

· Outdoor (based on SCE 2a + unlicensed band)
· Different licensed carrier for small cell and macro

· UE(s) attached to Macro layer not evaluated
· Note: more than one carrier can be considered for the unlicensed carrier
· Note: evaluation scenarios do not restrict the design target scenario for LAA

· Note: Outdoor case should show Macro in F1 when these scenarios will be captured in TR
Agreements:
· Performance metric

· User perceived throughput (UPT)

· UPT CDF
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· Latency CDF

· FFS: Number of users with X %ile latency < Y ms (e.g. X = 98, Y = 80 ms)
· Note: DL and/or UL can be reported when applicable

· FFS: Necessity of other system metric to help interpreting the performance results

· FFS: Definition of packet needs further clarifications depending on used traffic model
Agreements:
· Traffic model
· FTP model 3

· FFS: file sizes

· Load varied using arrival rate

· FTP model 1
· FFS: file sizes
· Load varied with number of users

· VoIP and video modeling

· FFS: How to use FTP model 3 or 1 to approximate VoIP and video

· FFS: Uni-directional or Bi-directional (i.e., both DL and UL)
· FFS: Necessity of mixed traffic models

· FFS: Necessity of full buffer 
· FFS: Priority among multiple traffic models
After further discussion in RAN1 email reflector on remaining evaluation methodologies, the followings were additionally agreed: 
· Carrier frequency (indoor scenario): 3.5GHz for licensed band
· UE dropping (outdoor scenario): all UEs are outdoor
· Backhaul assumptions (indoor scenario): delete table entry for “backhaul assumptions”
· Channel selection (Wi-Fi and LAA) : up to each company
· Rate control (Wi-Fi): up to each company
· CCA-ED (LAA): up to each company
In this contribution, we provide our views on the remaining issues on evaluation methodologies for LAA.

2 Evaluation methodologies for LAA

In this section, the remaining issues on evaluation methodologies for LAA are discussed below.
Layout (indoor):
During the email discussion, following two alternatives were discussed for indoor layout

· 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

Since coordination between different operators may not be available which may result in closely located nodes of the different operators, Alt. 2 seems more practical assumption. 

Observation 1: The cell layout with the random distance between inter-operator nodes seems more reasonable due to lack of coordination between different operators in practice
Minimum distance:
Since coordination between different operators might be limited in practice, it might not be practical to assume the same minimum distance between nodes as in SCE evaluation intended for a single operator scenario. Therefore, based on the applicable minimum range for the pathloss model, 3m and 10m could be used as the minimum distance between inter-operator nodes for indoor and outdoor scenarios, respectively. Note that if Alt. 1 is agreed for the indoor layout, minimum distance between inter-operator nodes is not needed.

Observation 2: Minimum distance between inter-operator nodes could be reduced and determined based on the minimum applicable range of indoor and outdoor pathloss model
Unmanaged Wi-Fi:
Regarding unmanaged Wi-Fi, deploying unmanaged Wi-Fi nodes for indoor scenario would be more realistic than the case where only managed Wi-Fi nodes are placed. However, it is expected that if LBT operation is adopted in LAA, the co-existence behavior of LAA should be the same regardless of whether it is managed or unmanaged Wi-Fi nodes. Therefore, additional unmanaged Wi-Fi nodes are not necessarily needed to minimize evaluation efforts 

Observation 3: Additional unmanaged Wi-Fi nodes are not necessarily needed to minimize evaluation efforts 

Carrier number:
In general, there are a large number of available channels in the 5GHz spectrum. Therefore, multi-carrier scenario seems more reasonable assumption than the single carrier scenario. To minimize evaluation efforts, focusing on the multi-carrier scenario is preferred and the other case could be considered as an option. Note that if single carrier scenario is considered, the node density per a carrier should be low.
Observation 4: Multi-carrier scenario seems more reasonable than the single carrier scenario. Single carrier with low node density could be considered as an option
Total BS and UE Tx power: 
To reflect global regulations, it would be desirable to use 18dBm as a baseline. In addition to the baseline, high transmit power (e.g. 24dBm or 30dBm) could be considered to reflect regional regulations if needed.

Observation 5: 18dBm TX power assumption is desirable to reflect global regulations. High transmit power also can be considered for regional regulations

UE bandwidth:
In principle, licensed and/or unlicensed band can be assigned to an LAA UE based on the carrier aggregation framework. In addition, it was already agreed that performance comparison is only for the Wi-Fi operator, which is common to the two scenarios (i.e. scenario 1: Wi-Fi and Wi-Fi coexistence, scenario 2: Wi-Fi and LAA coexistence). Therefore, current UE bandwidth assumption seems reasonable since licensed band could be one of tools for co-existence in LAA. 
Observation 6: At least for co-existence evaluation, LAA UE could have both licensed and unlicensed band under carrier aggregation framework. 
Performance metrics:

In the last RAN1 meeting, user perceived throughput (UPT) and latency CDF were agreed as baseline performance metrics as follows: 
· Latency : from packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of the packet
· UPT: the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst 
At least from the current definition of latency, however, having both metrics seems redundant since latency is already well considered in the UPT metric. In other words, since the fixed file size of a packet is used for the evaluation, latency could be easily calculated by UPT (i.e. latency = file size / UPT). Therefore, clarification on the latency would be needed.
Resource utilization:

For non-full buffer evaluation, resource utilization (RU) is generally used to identify traffic load condition (e.g. low, medium, and high). The resource utilization is defined in [4] as below
· 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

Generally, different traffic load condition could be obtained by adjusting user arrival rate and/or file size. However, in case of LAA evaluation, current definition of resource utilization might not be applicable since resource utilization could be determined not only by user arrival rate/file size but also by the listen-before-talk operation of both Wi-Fi and LAA. In other words, the maximum resource utilization is limited by the number of nodes sharing the same channel. For example, it is assumed that there can be two nodes that selected the same channel after channel selection operation. Then, only half of time could be occupied by each node in average due to LBT operation. In this case, maximum resource utilization is limited to around 0.5 regardless of packet arrival rate. Therefore, clarification on the resource utilization to reflect the traffic load properly should be discussed for LAA. One option is to use loading factor to measure the traffic loading over the unlicensed layer as accumulated time when a packet is in the buffer / total simulation time
Observation 7: Conventional Resource Utilization definition cannot accurately reflect the traffic load condition due to LBT operation. Clarification on the resource utilization to reflect various load conditions would be needed 

 Remaining evaluation assumptions for LAA and Wi-Fi are summarized in the following Table.
Table 1: Simulation parameters for LAA and Wi-Fi
	Parameter
	Preference

	Layout (indoor)
	Alt. 2 (or Alt. 1 with reduced distance)

	Unmanaged Wi-Fi
	optional

	Carrier number
	Baseline: multiple carrier
Optional : single carrier with low node density

	Transmit power
	Baseline: 18dBm
Optional: 24dBm or 30dBm

	UE bandwidth
	Both licensed and unlicensed band for LAA UE

Unlicensed band for Wi-Fi UE 

	Performance metric
	UPT and latency with modification

	RTS/CTS
	Optional

	Number of UEs
	10 or 15 UEs per cell per operator

	Traffic model
	FTP model 3 with file size less than 0.5Mbyte 

	Minimum distance
	10m for outdoor, 3m for indoor

	Network synchronization
	Nodes of an operator are synchronized and time-aligned

	MCS
	Up to 64QAM for both Wi-Fi and LAA


3 Conclusions
In this contribution, we summarized remaining details of evaluation methodologies for LAA as below.
Observation 1: The cell layout with the random distance between inter-operator nodes seems more reasonable due to lack of coordination between different operators in practice
Observation 2: Minimum distance between inter-operator nodes could be reduced and determined based on the minimum applicable range of indoor and outdoor pathloss model
Observation 3: Additional unmanaged Wi-Fi nodes are not necessarily needed to minimize evaluation efforts 

Observation 4: Multi-carrier scenario seems more reasonable than the single carrier scenario. Single carrier with low node density could be considered as an option

Observation 5: 18dBm TX power assumption is desirable to reflect global regulations. High transmit power also can be considered for regional regulations

Observation 6: At least for co-existence evaluation, LAA UE could have both licensed and unlicensed band under carrier aggregation framework. 
Observation 7: Conventional Resource Utilization definition cannot accurately reflect the traffic load condition due to LBT operation. Clarification on the resource utilization to reflect various load conditions would be needed 
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