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IntroductionBackground
Two WF documents were sent out for offline discussion. The first was a document listing detailed evaluation assumptions for the scenarios agreed thus far. This document contained evaluation assumptions for both Wi-Fi and LAA. The second document was a draft way forward on coexistence evaluation methodology, number of nodes and carriers and carrier selection (attached in the accompanying zip file)
In section 2, the detailed evaluation assumptions from the first document are reproduced. Items that were not commented on or objected to during the offline discussion are highlighted. In section 3, we discuss possible areas of agreement. This section includes the highlighted items from section 2 as well as possible areas of agreement from the second document.
Proposal: Consider the listed way forward in section 3.1 for further discussion and possible agreement.
Proposal: Consider entries in the tables in section 3.2 for agreement.
· Proposal: Further discuss the areas discussed during the offline discussion.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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Detailed evaluation assumptions distributed for offline discussion
Indoor scenario 
The table below is based on the SCE scenario 3 table with a column added for the unlicensed cell according to the agreed indoor scenario. The proposed changes to the SCE scenario 3 table for the purpose of LAA coexistence evaluations are marked in red.
[bookmark: _Ref399166602]Table 1: Indoor scenario
	
	Licensed cell
	Unlicensed cell

	Layout
	
Two operators deploy 4 small cells each in the single-floor building. The small cells are equally spaced (15m distance) in the center of the building.120 m
50 m
 
 
 
 
 
 
 
 


	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	2.0GHz
	5.0GHz

	Carrier number
	2 (one for each operator)
	4 (to be shared between two operators)

	Total BS TX power (Ptotal per carrier)
	24dBm

	Total UE TX power (Ptotal per carrier)
	23dBm
	18dBm 

	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 break point distance & LOS probability.)

	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

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	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

	Number of UEs 
	60 UEs per operator network (i.e., 120 UEs in total)



	UE dropping per network
	Randomly and uniformly distributed over the floor

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	
3m

	Traffic model
	Traffic model used for coexistence evaluation is based on FTP Model 3.
File size: FFS


	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Carrier selection/aggregation criteria
	A UE is considered to have unlicensed band coverage if it is in the Wi-Fi coverage area.
For an LAA UE that has both licensed and unlicensed band coverage is served by both carriers under the LTE carrier aggregation framework with a total bandwidth of 30MHz.
For a Wi-Fi UE with unlicensed band coverage, the UE is served by the Wi-Fi service with a bandwidth of 20MHz.

	Network synchronization
	For the same operator, the network can be synchronized or not synchronized; if an evaluated feature requires synchronization, this should be stated; evaluations without synchronization are not precluded, and the assumed synchronization accuracy in such simulations should be stated.

Asynchronous between different operators is baseline.

	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.

	Performance metrics
	Mean, 5%/50%/95% UPT and latency at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for the reference scheme). 
Note: For Wi-Fi and LAA coexistence, the resource utilization of the Wi-Fi network coexisting with another Wi-Fi network (in step 1) is used as the reference.
For LAA and LAA coexistence, the resource utilization of the most loaded layer of one of the LAA network is used as the reference scheme.
Note: performance should be evaluated for users in all area and for users served by small cells.




Outdoor scenario
The table below is based on the SCE scenario 2a table with a column added for the unlicensed cell according to the agreed indoor scenario. The proposed changes to the SCE scenario 2a table for the purpose of LAA coexistence evaluations are marked in red.
[bookmark: _Ref399166924]Table : Outdoor scenario
	
	Macro cell
	Licensed small cell
	Unlicensed small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
500m ISD
Macro eNBs of the two networks are collocated.
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
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Clusters uniformly random within macro geographical area; 4 small cell per operator uniformly random dropping within cluster area.

	System bandwidth per carrier
	10MHz
	10 MHz
	20MHz

	Carrier frequency 
	2.0GHz 
	3.5 GHz
	5.0GHz

	Carrier number
	2 (one for each operator)
	2 (one for each operator)
	4 (to be shared between two operators)

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm
	24dBm 

	Total UE TX power (Ptotal per carrier)
	23dBm
	23 dBm
	18dBm

	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

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster per network
	4

	Total number of small cells per Macro cell geographical area from both operators
	4*2 (4 per operator)

	Number of UEs 
	60 UEs per macro cell geographical area per operator (i.e., 120 UEs in total)

	UE dropping for each network
	Baseline: 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
	50m 

	Radius for UE dropping in a cluster
	70m

	Traffic model
	Traffic model used for coexistence evaluation is based on FTP Model 3.
File size: FFS


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

	
	Small cell-UE, UE-UE: 3m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Carrier selection/aggregation criteria
	A UE is considered to have unlicensed band coverage if it is in the Wi-Fi coverage area.
For an LAA UE that has both licensed and unlicensed band coverage is served by both carriers under the LTE carrier aggregation framework with a total bandwidth of 30MHz.
For a Wi-Fi UE with unlicensed band coverage, the UE is served by the Wi-Fi service with a bandwidth of 20MHz.
For a UE with only licensed band coverage, the UE is served by the LTE carrier in the licensed band.

	Network synchronization
	For the same operator, the network can be synchronized or not synchronized; if an evaluated feature requires synchronization, this should be stated; evaluations without synchronization are not precluded, and the assumed synchronization accuracy in such simulations should be stated.
Asynchronous between different operators is baseline.

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

	Performance metrics
	Mean, 5%/50%/95% UPT and latency at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for the reference scheme). 
Note: For Wi-Fi and LAA coexistence, the resource utilization of the Wi-Fi network coexisting with another Wi-Fi network (in step 1) is used as the reference. For LAA and LAA coexistence, the resource utilization of the most loaded layer of one of the LAA network is used as the reference.
Note: performance should be evaluated for users served by small cells.




Additional Wi-Fi system evaluation assumptions
Additional parameters and assumptions for Wi-Fi system evaluation are listed in Table 3.
[bookmark: _Ref399334056]Table  Wi-Fi system evaluation assumptions
	Parameter
	value

	MCS
	802.11ac MCS table (including 256QAM)

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	LDPC code interleaving depth
	1 Wi-Fi OFDM symbol

	Frame aggregation
	A-MPDU

	MPDU
	Fixed 1500B MPDU size (variable transmission duration)

	TXOP
	4.096ms 
(Asynchronous to LTE timings)

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	N/A

	
	Contention window
	Min : 15 slot,  Max : 1023 slot

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED
	-62dBm

	ACK Modeled
	Yes

	DL/UL Duplexing
	Yes

	Rate control
	Minstrel algorithm [4]

	Channel selection
	Minimum number of neighbors


Additional LAA system evaluation assumptions
Additional parameters and assumptions for LAA system assumptions are listed in Table 4.

[bookmark: _Ref399334075]Table  LAA system assumptions
	Parameters
	Value

	PCI planning for each NW
	Planned 

	Transmission schemes
	2Tx2Rx in DL, TM10, QPSK/16QAM/64QAM/256QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-62dBm

	Channel selection
	Proprietary



[bookmark: _GoBack]Possible Items for Agreement
Coexistence evaluation methodology
Among the items discussed in the offline discussion, coexistence methodology could be a possible area of agreement. A way forward for this is included in another document [5].
Remaining items in detailed evaluation assumptions
It may be possible to agree on the items in the tables capturing the detailed evaluation assumptions that companies did not have any comments about during the offline discussion.
Table 5: Indoor scenario - Possible items for agreement
	
	Licensed cell
	Unlicensed cell

	Total BS TX power (Ptotal per carrier)
	24dBm

	Total UE TX power (Ptotal per carrier)
	23dBm
	18dBm 

	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 break point distance & LOS probability.)

	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.



Table 6: Outdoor scenario – Possible scenarios for agreement
	
	Macro cell
	Licensed small cell
	Unlicensed small cell

	Carrier frequency 
	2.0GHz 
	3.5 GHz
	5.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm
	24dBm 

	Total UE TX power (Ptotal per carrier)
	23dBm
	23 dBm
	18dBm

	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

	UE dropping for each network
	Baseline: 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
	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
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