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1. Introduction
In RAN#65 meeting, an SI on Licensed-Assisted Access (LAA) using LTE was approved [1]. The objectives within RAN1’s scope are as follows:

· Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD.
· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.
· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band.
As we can see, the first objective of evaluation assumptions and methodology is very important for the study of LAA in unlicensed band. In this contribution, we discuss the study area in the perspective of evaluation assumptions and methodology for LAA.  

2. Evaluation scenarios and assumptions 
The use cases of LAA are considered mostly in heterogeneous network.  Small cell deployments operated in unlicensed spectrum are envisioned to be an important component in offloading traffic from macro networks to meet the ever increasing demand for mobile data traffic.
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Figure 1 Outdoor deployment of small cells using LAA
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Figure 2 Indoor deployment of small cells using LAA

Figure 1 illustrates an example of outdoor deployment scenario where two small cells of an operator are using both licensed carrier and unlicensed carrier for LAA. Figure 2 illustrates another example of indoor deployment scenario where a small cell using both licensed carrier and unlicensed carrier for LAA. A nearby WiFi AP may utilize the same unlicensed band in this case.

In terms of licensed and unlicensed carrier, there are co-located and non-co-located scenarios. When the licensed LTE carrier and unlicensed LTE carrier are co-located in a small cell, CA can be easily used to achieve LAA. When unlicensed carrier is not co-located with licensed LTE carrier, CA can be used only if there is ideal backhaul (e.g. optical fibre) between macro and small cell. Note that as the focus of this study are on how a licensed LTE carrier can assist access toward an unlicensed spectrum and the coexistence with other unlicensed spectrum deployments, whether the licensed LTE carrier is co-located with that unlicensed carrier is an important factor to differentiate evaluation scenarios.

As a starting point, we propose to adopt the evaluation framework outlined in TR 36.872 since small cell is the target of typical deployment consideration for unlicensed carrier. Table 1 suggests the scenarios we propose to be considered for evaluation of LAA. The table also includes suggested parameters e.g. number of small cells and carrier configuration. 
Table 1: Suggested scenarios for evaluation
	Scenario 
	Co-located LTE and LAA carrier
	Deployment of small cells
	Licensed and unlicensed carrier configuration

	1
	No
	 Outdoor, sparse
(4 small cells/cluster, 1 cluster/macro)
	Licensed carrier at Macro: 2 GHz
Unlicensed carrier at small cell: 5 GHz

	2
	Yes
	Outdoor, dense
(4 small cells/ cluster, 4 clusters/macro)
	Licensed carrier at Macro: 2 GHz
Licensed carrier at small cell for assistance: 3.5 GHz
Unlicensed carrier at small cell: 5 GHz

	3
	Yes
	Indoor, dense

(4 small cells/floor, 2 floors)
	Licensed carrier at Macro: 2 GHz
Licensed carrier at small cell for assistance: 3.5 GHz
Unlicensed carrier at small cell: 5 GHz


Note that the table does not list all possible LAA deployment scenarios. Rather, it covers the typical deployment scenarios of LAA, which we believe are sufficient for the purpose of LAA performance and coexistence study.  Scenario 1 is a sparse outdoor deployment where 4 small cells are used to cover a hotspot using unlicensed spectrum in a macro area where assisted access is from the macro eNB LTE carrier. Scenario 2 is a dense outdoor deployment where 16 small cells are organized into 4 clusters. Here, the small cell deployments in Scenario 1 and 2 are corresponding to SCE scenario 2a sparse and dense scenario in TR 36.872 respectively. Scenario 3 is a dense indoor deployment corresponding to SCE scenario 2b (dense) in TR 36.872 which is expected to be another typical deployment scenario for LAA. Note that in Scenario 2 and 3, assisted access is from the same small cell eNB which also operates an unlicensed carrier. In Scenario 2 and 3, the macro still operates at 2 GHz to provide wide area coverage.      

The followings are the considerations on some other relevant evaluation parameters:
· Backhaul 

· Due to the exclusion of Dual Connectivity in this study, ideal backhaul between Macro (licensed LTE carrier for assistance) and small cell (unlicensed LAA carrier) must be assumed for Non-co-located case (i.e. Scenario 1). 
· Ideal backhaul assumption from the macro to small cells is not necessary if the macro eNB does not assist access to the unlicensed carrier. So ideal and non-ideal backhaul could both be considered in Scenario 2 and 3.
· User distribution and velocity
· For outdoor small cells, clustered based UE distribution should be prioritized.  
· For outdoor small cells, we can focus on the case with 60 UEs in the macro area.
· Low mobility UE with speed of 3km/h should be studied.
· Traffic 

· FTP model 3 is suggested. Simulations are run for various λ that lead to different load.
More suggested simulation parameters are listed in table A.1 of Appendix.
3. Evaluation methodology and performance metrics 
The scenarios discussed in section 2 of LTE operated in unlicensed spectrum are new in 3GPP RAN1. Considering the comparability and complexity especially the study on coexistence with other (non-3GPP) unlicensed spectrum deployments, the following three steps are suggested to assess the LAA performance:

1. Provide geometry results for calibration for each scenario. 

2. Provide large-scale fading (i.e. no fast fading) results for initial study on each deployment scenario.  

3. Provide fast fading results for all scenarios.  
The deployment scenarios as in Table 1 should be used for both single LAA operator deployment performance and coexistence study. Note that the suggested simulation parameters listed in table A.1 of Appendix are for one operator. For the purpose of coexistence study with other unlicensed spectrum deployments, we propose to adopt the same parameters. For instance, the same parameters can be used to investigate two LAA deployments or one LAA and one WiFi deployment in the same area of two different operators. In the case of coexistence with other non-3GPP unlicensed spectrum deployment (e.g., one operator of LAA and one operator of WiFi), for a fair comparison, we propose at lease for WiFi AP and STA placement, the same parameters and methodologies of LTE small cell and UE placement should be used.
For each scenario in Table 1, the following cases can be evaluated:

A. single operator of WiFi deployment;

B. single operator of LAA deployment;

C. two operators of WiFi deployment;

D. one operator of LAA deployment coexist with another operator of WiFi deployment;

E. one operator of LAA deployment coexist with another operator of LAA deployment.

Performance of case B should be compared against that of case A. Performance of case C, D and E should be compared for coexistence study. 

As the focus of coexistence study is on mutual interference in the unlicensed spectrum, we propose to focus on a single unlicensed carrier. Multiple unlicensed carriers and fast selection of unlicensed carrier can be studied in a later stage if time permits. WiFi performance alone is not the goal of this LAA study. Rather, the focus of this study should be on the relative performance impact to WiFi system caused by LAA deployment. For this reason, we suggest no need to calibrate WiFi simulation assumptions and results among companies. It’s up to each company for their WiFi simulation implementation. However, the same implementation should be used with and without LAA deployment.
To ease the evaluation task especially for WiFi coexistence, we propose to adopt a WiFi interference model. For example, due to the nature of CSMA/CD used in WiFi, there will be only one AP or STA transmits at a time in a cluster. In other words, the received interference power from that WiFi node to any LAA node could be measured. Such statistics could be used to determine LBT threshold of unlicensed carrier.       

As performance metric, we propose to use 5%, 50%, and 95%-tile of the user throughput where statistics is collected from all UEs that are served by unlicensed LAA carrier. For coexistence with WiFi study, the performance should be collected for the unlicensed carrier only. In addition, the distribution of latency (defined as the time from the moment FTP file generates until the moment the same file completes transmission) can also be provided.
4. Conclusion
This paper gives our suggestions on the scenarios and related parameters which should be considered for LAA evaluations. Also we propose the three-step approach for calibration and evaluation. Finally, performance metrics are suggested.
Proposal: adopt the evolution scenarios and methodology for LAA study.   
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Appendix
Table A.1: System simulation parameters for LAA evaluation
	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, 
7 Macro sites can be used.
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Scenario 1 and 2:

Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

Scenario 3:
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The outdoor clusters in Scenario 1 and 2 are replaced by the ITU Indoor Hotspots, the hotspots are uniformly random within macro geographical area. The detailed parameters setting for an indoor hotspot can refer to A.2.1.1.5 in TR36.814; 4 small cells per floor, 2 floors, ISD between small cells within the same floor is 30m.
Note for Scenario 3, dual-strip model could also be considered.

	System bandwidth per carrier
	20MHz

	Carrier frequency 
	2.0GHz
	3.5GHz and/or 5 GHz

	Carrier number
	1
	1 or 2

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm in 3.5 GHz, 24 dBm in 5GHz 

	Distance-dependent path loss
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	Scenario 1 and 2:

ITU Umi [referring to Table B.1.2.1-4 in TR36.814] with 3D distance between an eNB and a UE applied

Scenario 3:

For indoor UEs in the same building: ITU InH [referring to Table B.1.2.1-1 in TR36.814] 
For outdoor UEs and indoor UEs in another building, working assumption is ITU UMi [referring to Table B.1.2.1-1 in TR36.814]. hBS = 6m and 12m for the eNBs in the first floor and second floor respectively.  hUT = 1.5m for outdoor UEs and the first floor UEs in another building.  hUT = 7.5m for the second floor UEs in another building. 
3D distance between an eNB and a UE is applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	Scenario 1 and 2:

For outdoor UEs:0dB
For indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

Scenario 3:

For indoor UEs  in the same building:
0dB within the same floor;18.3 dB between different floors
For outdoor UEs:  
23dB+0.5din (din : independent uniform random value between[ 0, min(25,UE-to-eNB distance) ]  for each link)
For indoor UEs in another building: 
46 dB+0.5(din_1+ din_2) (din_1 and din_2 are independent uniform random value between[ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
Working assumption is that 3D distance is used for shadowing correlation distance
	Scenario 1 and 2:

ITU UMi[referring to Table B.1.2.1-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance

Scenario 3:

ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	Scenario 1 and 2: 10m

Scenario 3: 6m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	Scenario 1 and 2: ITU Umi
Scenario 3: For indoor UEs: ITU InH; for outdoor UEs: ITU InH NLOS

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	Scenario 1: 1

Scenario 2: 4

Scenario 3: 1

	Number of small cells per cluster
	Scenario 1 and 2: 4

Scenario 3: 8

	Number of small cells per Macro cell
	Scenario 1: 4

Scenario 2: 16

Scenario 3: 8

	Number of UEs 
	Scenario 1: 30 UEs per macro cell geographical area

Scenario 2: 60 UEs per macro cell geographical area

Scenario 3: 60 UEs per macro cell geographical area

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	Scenario 1 and 2: 50m 

	Radius for UE dropping in a cluster
	Scenario 1 and 2: 70m

	Minimum distance (2D distance)
	Scenario 1 and 2: Small cell-small cell: 20m

	
	
	Scenario 1 and 2: Small cell-UE: 5m Scenario 3: Small cell-UE: 3m

	
	Scenario 1 and 2:

Macro –small cell cluster center: 105m
Scenario 3:

Macro –building center: 100m
	

	
	Macro – UE : 35m
	

	
	Scenario 1 and 2: cluster center-cluster center: 2*Radius for small cell dropping in a cluster
Scenario 3: building center-building center: 130m

	Traffic model
	FTP Model 3 as in TR 36.872 with 0.5Mbytes file size

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Network synchronization
	Baseline is synchronized for cells belong to the same operator

	Performance metrics
	5%/50%/95% UPT at the given offered traffic 
Note: performances should be evaluated for users served by small cells using unlicensed carrier. For coexistence with WiFi study, the performance should be collected for the unlicensed carrier only.
In addition, the distribution of latency (defined as the time from the moment FTP file generates until the moment the same file completes transmission) can be provided.

















