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1. Introduction

At the RAN1#78bis meeting and in the email discussion [78bis-15], deployment scenarios, evaluation assumptions and methodologies for the study on Licensed-Assisted Access using LTE (LAA) were discussed, and some of them were agreed upon [1-2]. Corresponding agreements and working assumptions are described in Annex.
In this contribution, we present our views on remaining details of evaluation assumptions and methodologies especially for LAA coexistence study. We also show initial evaluation results on the coexistence study based on our proposed assumptions and methodologies in our companion contribution [3].
2. Remaining Details of Evaluation Assumptions and Methodologies
In this section, we provide our views on some of remaining details of evaluation assumptions and methodologies.

Cell density and carrier number

According to the outcome of email discussion [78bis-15], there are following alternatives on the combination of cell density per operator (X) and carrier number (Y).

· Alt. 1: X=Y=4

· Alt. 3: X=4, Y=1

· Alt. 5: X=2, Y=1

· Alt. 6: X=4, Y=2

In our view, since the unlicensed spectrum has very wide bandwidth, in fact the multiple carriers are available in unlicensed spectrum and hence Y>1 seems realistic. In addition, nodes in the vicinity can utilize separate carriers via channel selection mechanism so that efficient coexistence is achieved. On the other hand, the evaluation scenario with Y=1 would be beneficial to study co-channel coexistence, e.g., based on LBT mechanism, even though only one available carrier in unlicensed spectrum seems not realistic. For the evaluation scenario with Y=1, we should consider reasonably scaled cell density, i.e., reasonably low number of X, since the scenario with Y=1 is just the clipped scenario with only one carrier from the realistic multiple carriers scenario. Therefore, we propose both Alt. 1 (X=Y=4) and Alt. 5 (X=2, Y=1) for the coexistence study. In addition, number of UEs per operator for each scenario should be determined in proportion to the cell density/carrier number. 
Proposal 1: Both {X=Y=4} and {X=2, Y=1} are used for the coexistence study.

Layout for indoor/outdoor nodes
For the indoor model, following two alternatives have been discussed.
· 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.

Assuming no cooperation for site planning between different operators, we believe that minimum distance between inter-operator nodes should be shorter than that between intra-operator nodes. Therefore, Alt. 2 is preferable. 
For the outdoor model, the layout methodology for SCE scenario 2a can be reused for each operator with modification of cell density by using the value of X. Similar to the indoor model, the minimum distance between inter-operator nodes should be relatively shorter than that between intra-operator nodes. For both the indoor and outdoor cases, 3 or 10 m can be considered as minimum distance between inter-operator nodes.

The inclusion of unmanaged Wi-Fi in addition to the deployment of two operators has also been discussed. We think the unmanaged Wi-Fi should be optional at least in outdoor scenario since unmanaged Wi-Fi nodes are mainly deployed indoor in real life. In addition, even for indoor scenario, it may just increase the complexity with large number of nodes in the simulation while we don’t expect any new insight from such complex scenario so far.
Proposal 2: The minimum distance between inter-operator nodes should be shorter than that between intra-operator nodes in both indoor and outdoor deployment scenarios.
Proposal 3: Unmanaged Wi-Fi should be optional in both indoor and outdoor deployment scenarios.
Total Tx power for indoor/outdoor nodes

According to the email discussion [78bis-15], 18 dBm should be applied for total BS and UE Tx power as baseline to reflect the global regulatory requirements. In addition to this value, larger Tx power, e.g., 30 dBm, can be considered as optional at least for the outdoor scenario. In Japanese regulatory requirements, the maximum e.i.r.p. for the band allowed for both indoor and outdoor usage is 50 mW/MHz for 20 MHz bandwidth while the maximum e.i.r.p. for indoor only bands is 10 mW/MHz for 20 MHz bandwidth, as shown in Table I. Therefore, it seems reasonable to have an optional higher Tx power for outdoor scenario.
Table I. Summary of basic regulatory requirements in Japan

	Frequency
	5.15-5.25 GHz
	5.25-5.35 GHz
	5.47-5.725 GHz

	Deployment location
	Limited to indoor
	Indoor and outdoor

	Channel bandwidth
	20/40/80/160 MHz

	Maximum output level
	200 mW (10/5/2.5/1.25 mW/MHz for 20/40/80/160 MHz)

	Maximum e.i.r.p.
	10/5/2.5/1.25 mW/MHz for 20/40/80/160 MHz
	50/25/12.5/6.25 mW/MHz for 20/40/80/160 MHz

	Carrier sense
	Required

	Maximum burst length
	4 ms

	DFS, TPC
	Not required
	Required for access points (APs)


UE dropping and cell selection criteria

If we assume relatively small Tx power such as 18 dBm and small number of X such as X=2, the current UE dropping methodology may create some out of coverage UEs/STAs within cluster/floor. Since the baseline scenario for the coexistence study is “Coexistence scenario a:  Operator #1 deploys Wi-Fi and operator #2 deploys Wi-Fi”, only STA locations that are in-coverage of their associated operator’s AP should be taken into account for the performance evaluation. There are two possible methodologies for UE dropping and cell selection criteria to remove out of coverage UEs/STAs from the evaluation.
· Alt. 1: Drop UEs/STAs only within a certain radius, e.g., 20 m, from their associated operator’s small cells.

· Alt. 2: Drop UEs/STAs within a cluster/floor, and define the cell selection criteria for the baseline scenario, e.g., a certain threshold value for Wi-Fi received power.

Proposal 4: The appropriate UE dropping method and/or cell selection criteria should be defined so that out of coverage UEs/STAs are removed from the performance evaluation.

Traffic model

RAN1 have agreed both FTP model 3 and 1 at the RAN1#78bis meeting, but file size and priority among traffic models have not been decided. In our view, it seems necessary to evaluate both the large and small packet sizes since they would provide different insights for coexistence study. In addition, different traffic load situations, i.e., at least both low and high traffic load cases should be evaluated. Therefore, at least two different offered loads, i.e., packet arrival rates per area per operator, should be defined. In order to evaluate the coexistence impact to VoIP traffic with different traffic load situations, a mixed traffic model including both FTP and VoIP may be beneficial since FTP traffic with relatively large packet size can control the resource utilization (RU) condition easier than VoIP traffic which needs very large number of users to realize high RU condition.
Proposal 5: At least two different offered loads should be defined so that both low and high traffic load, i.e., low and high resource utilization conditions, can be evaluated.

DL/UL duplexing

The possible scenario we are trying to study is that one of the operators replaces its Wi-Fi deployment to LAA deployment while another operator keeps the Wi-Fi deployment. Therefore, before the replacement, both DL and UL of Wi-Fi in two operators coexist in the unlicensed spectrum. On the other hand, after the replacement, DL/UL of Wi-Fi and only DL of LAA may coexist in the unlicensed spectrum. Therefore, if we need to model the realistic coexistence condition as much as possible for the evaluation, both DL and UL for Wi-Fi should be modeled while only DL for LAA is modeled for the study on DL only LAA option.
For the simplification, applying only DL traffic for both Wi-Fi and LAA is another possibility for the study on DL only LAA option. Since the DL/UL traffic ratio is about 9:1 and potential LAA impacts to Wi-Fi DL and UL would not be so different due to the same link design between Wi-Fi DL and UL, this simplification seems reasonable.
Proposal 6: Following two alternatives should be discussed for DL/UL duplexing model for the study on DL only LAA option.
· Alt. 1: Both DL and UL for Wi-Fi are modeled while only DL for LAA is modeled.

· Alt. 2: Only DL traffic for both Wi-Fi and LAA are modeled.
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Figure 1. Impact of LAA DL to Wi-Fi DL and UL
Detailed Wi-Fi assumptions
Although the Wi-Fi specification has many advanced options, only a part of Wi-Fi devices supports/applies such options. In addition, although such advanced options can increase the Wi-Fi performance, the potential impact from LAA may not be affected by such options. Therefore, Wi-Fi advanced options such as 256QAM, MU-MIMO, RTS/CTS, LDPC, point coordination function (PCF) and enhanced distributed channel access (EDCA) should be considered as optional.
3. Conclusion 

In this contribution, we presented our views on remaining details of evaluation assumptions and methodologies especially for LAA coexistence study.
Proposal 1: Both {X=Y=4} and {X=2, Y=1} are used for the coexistence study.

Proposal 2: The minimum distance between inter-operator nodes should be shorter than that between intra-operator nodes in both indoor and outdoor deployment scenarios.

Proposal 3: Unmanaged Wi-Fi should be optional in both indoor and outdoor deployment scenarios.

Proposal 4: The appropriate UE dropping method and/or cell selection criteria should be defined so that out of coverage UEs/STAs are removed from the performance evaluation.

Proposal 5: At least two different offered loads should be defined so that both low and high traffic load, i.e., low and high resource utilization conditions, can be evaluated.

Proposal 6: Following two alternatives should be discussed for DL/UL duplexing model for the study on DL only LAA option.

· Alt. 1: Both DL and UL for Wi-Fi are modeled while only DL for LAA is modeled.

· Alt. 2: Only DL traffic for both Wi-Fi and LAA are modeled.
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Annex. Agreements and Working Assumptions Regarding Evaluation Assumptions and Methodologies for LAA Study
Working assumptions:
· Following scenarios are used for evaluation

· Three coexistence scenarios should be evaluated (See Figures in R1-144375)

· Coexistence scenario a:  Operator #1 deploys Wi-Fi and operator #2 deploys Wi-Fi

· Coexistence scenario b:  Operator #1 deploys LAA and operator #2 deploys LAA

· Coexistence scenario c:  Operator #1 deploys Wi-Fi and operator #2 deploys LAA

· Both outdoor and indoor deployments should be considered in these scenarios

· Coexistence scenarios with single and multiple unlicensed channels should be evaluated

· Note: this may not need two separate simulation scenarios

· Async between different LAA operators are baseline
· Sync between different LAA operators can also be evaluated
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
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Agreements:
· Agree following assumptions

· Indoor scenario

	· 
	Licensed cell
	Unlicensed cell

	Total BS TX power 
	24 dBm (Ptotal per carrier)
	FFS

	Total UE TX power 
	23dBm
	FFS 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
UE-to-UE: 3GPP TR 36.843 (D2D) 

(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability. FFS: Break point distance)

	Penetration
	0dB

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

Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	UE dropping per network
	Randomly and uniformly distributed over the floor

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Backhaul assumptions
	• The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 

         -The latency values of {2ms, 10ms, 50ms} are recommended for evaluation.

• Whether and how the backhaul assumptions are explicitly modelled in the simulations should be indicated by companies when presenting the results.  

• Proposals considering backhaul assumptions should analyse the influence of these assumptions on the delivery of the information to be exchanged and on the access network performance metrics.


· Outdoor scenario

	· 
	Macro cell
	Licensed small cell
	Unlicensed small cell

	Carrier frequency 
	2.0GHz 
	3.5 GHz
	5.0GHz

	Total BS TX power 
	46dBm (Ptotal per carrier)
	30 dBm (Ptotal per carrier)
	FFS 

	Total UE TX power 
	23dBm
	23 dBm
	FFS

	Distance-dependent path loss
	ITU UMa [referring to Table B.1.2.1-1 in TR36.814]

(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for break point distance & LOS probability.)
	ITU UMi [referring to Table B.1.2.1-4 in TR36.814]

(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for break point distance & LOS probability.)
	Small cell-to-Small cell, Small cell-to-UE: ITU Umi [referring to Table B.1.2.1-4 in TR36.814]
UE-to-UE: 3GPP TR 36.843 (D2D) 

(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for break point distance & LOS probability.)

	Penetration

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

	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)
	For outdoor UEs:0dB
For indoor UEs: 27dB+0.5din (din : 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
	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
	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

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

	Antenna Height: 
	25m
	10 m
	10m

	UE antenna Height
	1.5 m
	1.5m
	1.5 m

	Antenna gain + connector loss
	17 dBi 
	5 dBi
	5 dBi

	Antenna gain of UE
	0 dBi
	0 dBi
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	ITU Umi
	ITU Umi

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Backhaul assumptions
	Non-ideal backhaul between macro eNB and small cell


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
Agreements:

· Node density per operator

· X nodes per operator per indoor/outdoor cluster

· Y 20 MHz carrier frequencies available in unlicensed band

· Nodes (eNB/AP) and UE use one of the Y carrier frequencies for transmission

· FFS: Use of more than single carriers of eNB/AP and UE is not precluded
· One 10 MHz carrier frequency in licensed band

· Suggested options (FFS: Down selection among following options):

· 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
Agreements:
· Wi-Fi-LAA coexistence

· For each UE and eNB/AP drop

· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.

· Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.

· Performance metrics for the Wi-Fi operator common to the two steps are compared.

· LAA-LAA coexistence

· Performance metrics for two LAA operators coexisting in a given evaluation scenario are evaluated and recorded.

· Performance metrics for the two LAA operators are compared.
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