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1 Introduction
5G new radio study item has been approved in the RAN plenary #71 meeting [1]. Unified duplex to provide the ability to adapt downlink and uplink resources dynamically is one of the requirements of next generation network [2]. Unified duplex scheme, including dynamic TDD for unpaired spectrum and flexible duplex for paired spectrum [3], allows most flexible usage of operators’ spectrum resources. 
In this contribution, we present our views and proposals on the detailed evaluation assumptions of SLS for unified duplex study.
2 Evaluation scenarios, metrics, and method
For unified duplex evaluation, it is proposed to select from eMBB deployment scenarios agreed in RAN1#85 as evaluation scenarios. Specifically, indoor, dense urban, and urban macro are the most likely scenarios for unified duplex application. Therefore, it is proposed to employ these three deployment scenarios as evaluation scenarios. 
The purpose of unified duplex is to adapt the downlink and uplink resource for asymmetric traffic of user demands, and is expected to improve the user perceived throughput (UPT). Therefore it is appropriate to use UPT as evaluation metric. Specifically, 5%-tile and 50%-tile UPT is to be investigated. In TR38.913, 5%-tile UPT is also referred to as user experienced data rate.
In addition, the wideband SINR (geometry) distribution can be helpful for initial evaluation of unified duplex for a specific scenario, e.g. for the purpose of rough estimates of cross-link interference level and for the purpose of calibrating the results. Therefore, it is encouraged that companies provide this information in initial stage. 
To derive the 5%-tile and 50%-tile UPT, a system level simulation is to be conducted. 
Proposal 1: For unified duplex evaluation, indoor hotspot, dense urban, and urban macro are employed as evaluation scenarios. 5%-tile and 50%-tile user perceived throughput are used as evaluation metric. System-level simulation shall be used.
3 Evaluation parameters for unified duplex evaluation 
In this section, the detailed evaluation parameters of dense urban, urban macro and indoor hotspot are discussed.
3.1 Dense urban
The detailed parameters for unified duplex in dense urban are shown in Table 1. The parameters are based on the agreed parameters in RAN1#85, with some down selection of the parameter options to reduce the simulation efforts. In addition to the existing parameters, some more parameters are needed for unified duplex study. Such parameters include the ones for multi-operator deployment, and channel models for TRP-TRP and UE-UE, etc. These parameters are also shown in Table 1.
For dense urban, around 30 GHz is prioritized for the study of unified duplex. Unpaired spectrum allocation is likely to be applied on this carrier frequency band. Dynamic TDD is therefore evaluated in dense urban with this carrier frequency.
Table 1 Parameters of dense urban for unified duplex evaluation
(A) Parameter list
	Attributes
	Values or assumptions

	Layout
	Two layer

 - Macro layer: Hex. Grid

 - Micro layer: Random drop (All micro TRPs are all outdoor)

- 3 micro TRPs per macro TRP
Minimum distance between Micro TRPs (m): 57.9
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	Inter-BS distance
	Macro layer: 200m
Both single operator and multi-operator deployments.
For multi–operator deployment:  a cell radius

	Carrier frequency
	Around 30 GHz for Macro and Micro layer (dynamic TDD is applied to both macro and micro eNB)
Other carrier frequency options e.g. around 4GHz may be evaluated.

	Simulation bandwidth
	One carrier with 80MHz, unpaired spectrum

	Channel model
	For around 30 GHz:
· Macro TRP to UE: 5GCM UMa 
· Micro TRP to UE: 5GCM UMi 
· Macro TRP to macro TRP: 5GCM UMa O-to-O; ASA and ZSA updated to be the same statistics of ASD and ZSD. 
· Macro TRP to micro TRP: 5GCM UMa O-to-O
· Micro TRP to Micro TRP: 5GCM UMi O-to-O; ASA and ZSA updated to be the same statistics of ASD and ZSD.
· UE to UE: 5GCM UMi; ASD and ZSD updated to be the same statistics of ASA and ZSA. Dual mobility support. Penetration loss is given in Part B of this table.

	BS Tx power
	Macro and Micro BS: 
Around 30GHz: 33 dBm 

	BS antenna configuration
	For around 30GHz: 
(M, N, P, Mg, Ng)=(4,8,2,2,2)

(dH,dV) = (0.5, 0.5)λ
(dg,H, dg,V)= (4.0, 2.0)λ
Other options are not precluded.

	BS antenna pattern
	For macro and micro TRP around 30 GHz:
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	BS antenna height
	25m for macro cells and 10m for micro cells

	BS antenna tilt
	Companies report tilt

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	For around 30GHz: 7 dB

	UE Tx power
	Maximum 23dBm  

	UE antenna element pattern
	For around 30 GHz:
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	UE antenna elements
	For around 30GHz: 

(M, N, P, Mg, Ng)=(2,4,2,1,2), the polarization angles are 0 and 90deg
(dH,dV) = (0.5, 0.5)λ
Inter-panel distance: 6.0λ

	UE antenna height
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	UE antenna gain
	For around 30 GHz: 5dBi

	UE receiver noise figure
	For around 30 GHz: 13 dB (baseline performance)

	Traffic model
	FTP model 1/3 with packet size 0.5 Mbytes (other value is not precluded). 

Ratio of DL/UL traffic = 4:1

	UE distribution
	For FTP model 3: 
60 users per macro geographical area, 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area

80% indoor (3km/h), 20% outdoor (30km/h)

	UE receiver
	Companies to report the receiver type

	BS receiver
	Companies to report the receiver type


*Note: The highlighted ones are additional assumptions.
(B) Penetration loss for UE-to-UE link for 30GHz
	Location of UE_x
	Location of UE_y
	Sub-scenario
	Penetration loss (for around 30GHz)

	Indoor
	Indoor
	In different building (if inter-user 2D distance > 50m)
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is the building penetration loss as given by section 7.4.3 in [4].

i=x, y

	
	
	In the same building (if inter-user 2D distance ≤ 50m)
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where Lconcrete is given by Table 7.4.3-1 in [4], and ni is the floor number for UE_i,  i=x, y.

	Indoor
	Outdoor
	N.A.
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 is the building penetration loss as given by section 7.4.3 in [4].
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 is the car penetration loss as given by section 7.4.3 in [4].

	Outdoor
	Indoor
	N.A.
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 is the car penetration loss as given by section 7.4.3 in [4].
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 is the building penetration loss as given by section 7.4.3 in [4].

	Outdoor
	Outdoor
	N.A.
	
[image: image14.wmf]xy

PLossPLossPLoss

=+



[image: image15.wmf]()2

)

,

(

i

P

i

PLs

N

os

ms

=

 is the car penetration loss as given by section 7.4.3 in [4].
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3.2 Urban macro
The detailed parameters for unified duplex in urban macro are shown in Table 2. The parameters are based on the agreed parameters in RAN1#85, with some down selection of the parameter options to reduce the simulation efforts. In addition to the existing parameters, some more parameters are needed for unified duplex study. Such parameters include the ones for multi-operator deployment, and channel models for TRP-TRP and UE-UE, etc. These parameters are also shown in Table 2.
For urban macro, around 4 GHz is proposed for evaluation of dynamic TDD (unpaired spectrum) and flexible duplex (paired spectrum). In addition, around 2GHz is also proposed for evaluation of flexible duplex (paired spectrum).
Table 2 Parameters of urban macro for unified duplex evaluation
(A) Parameter list
	Attributes
	Values or assumptions

	Layout
	Single layer
 - Macro layer: Hex. Grid

	Inter-BS distance
	500m
Both single operator and multi-operator deployments.
For multi-operator deployment: a cell radius

	Carrier frequency
	Around 4GHz:
· Unpaired spectrum for dynamic TDD
· Paired spectrum for flexible duplex
Around 2GHz
· Paired spectrum for flexible duplex

	Simulation bandwidth
	Around 4GHz
· 20MHz for unpaired spectrum
· 10MHz + 10MHz for paired spectrum, where one 10MHz is used for DL only and the other 10MHz is used for DL and UL with dynamic subframe allocation
Around 2GHz
· 10MHz + 10MHz for paired spectrum, where one 10MHz is used for DL only; and the other 10MHz is used for DL and UL with semi-static DL/UL subframe partition. Note only single operator case needs to be evaluated. 
· 10MHz + 10MHz for paired spectrum, where one 10MHz is used for DL only and the other 10MHz is used for DL and UL with dynamic subframe allocation

	Channel model
	· TRP to UE: 3D UMa
· TRP to TRP: 3D UMa O-to-O; ASA and ZSA updated to be the same statistics of ASD and ZSD 
· UE to UE: 3D UMi; ASD and ZSD updated to be the same statistics of ASA and ZSA. Dual mobility support; Penetration loss is given in Part B of this table.

	BS Tx power
	BS: 49dBm / 20MHz

	BS antenna configuration
	(M, N, P, Mg, Ng)=(8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ
Other options are not precluded.

	BS antenna pattern
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	BS antenna tilt
	Companies report tilt

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5 dB

	UE Tx power
	Maximum 23dBm

	UE antenna element pattern
	Omni-directional

	UE antenna elements
	2 Tx and 2 Rx as starting point

	UE antenna height
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	UE antenna gain
	0dBi

	UE receiver noise figure
	9 dB

	Traffic model
	FTP model 1/3 with packet size 0.5 Mbytes (other value is not precluded). 

Ratio of DL/UL traffic = 4:1

	UE distribution
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

For FTP model 3: 20 users per TRP uniformly distributed

	UE receiver
	Companies to report the receiver type

	BS receiver
	Companies to report the receiver type


*Note: The highlighted ones are additional assumptions.
(B) Penetration loss for UE-to-UE link for 4GHz
	Location of UE_x
	Location of UE_y
	Sub-scenario
	Penetration loss (for around 4GHz)

	Indoor
	Indoor
	In different building (if inter-user 2D distance > 50m)
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where PLtw=20dB, and 
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	In the same building (if inter-user 2D distance ≤ 50m)
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for UEs on different floors [6]; otherwise 0dB.

	Indoor
	Outdoor
	N.A.
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 with PLtw=20dB and 
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[image: image25.wmf]()2

)

,

(

y

P

y

PLs

N

os

ms

=

 is the car penetration loss as given by section 7.4.3 in [4].

	Outdoor
	Indoor
	N.A.
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 is the car penetration loss as given by section 7.4.3 in [4].


[image: image28.wmf]()

0.5

y

ytwin

PLossPLd

=+

 with PLtw=20dB and 
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	Outdoor
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 is the car penetration loss as given by section 7.4.3 in [4].
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3.3 Indoor hotspot

The detailed parameters for unified duplex in indoor hotspot are shown in Table 3. The parameters are based on the agreed parameters in RAN1#85, with some down selection of the parameter options to reduce the simulation efforts. In addition to the existing parameters, some more parameters are needed for unified duplex study. Such parameters include the ones for multi-operator deployment, and channel models for TRP-TRP and UE-UE, etc. These parameters are also shown in Table 3. Dynamic TDD with unpaired spectrum is evaluated for the indoor hotspot scenario.
Table 3 Parameters of indoor hotspot for unified duplex evaluation
	Attributes
	Values or assumptions

	Layout
	Single layer

 - Indoor floor: (6/12TRPs per 120m x 50m)
Illustration for 12 TRPs:
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	Inter-BS distance
	40m (6 TRP), 20m (12 TRP)

	Carrier frequency
	Around 30GHz

	Simulation bandwidth
	One carrier with  80MHz

	Channel model
	TRP to UE: 5GCM Indoor-office
TRP to TRP: 5GCM Indoor-office
UE to UE: 5GCM Indoor-office

	BS Tx power
	For around 30 GHz: 23dBm 

	BS antenna configuration
	For around 30GHz: 

(M, N, P, Mg, Ng)=(4,8,2,2,2)

(dH,dV) = (0.5, 0.5)λ
(dg,H, dg,V)= (4.0, 2.0)λ

	BS antenna pattern
	For around 30 GHz:


[image: image33.wmf]{

}

,3

3

,3

3

,,

90

()min12,,130,25

90

()min12,,130,25

(,)min[()()],

o

o

EVVdBV

dB

o

o

EHmdBm

dB

EVEHm

ASLASLAdB

AAAdB

AAAA

q

qq

q

q

qq

q

qjqj

éù

æö

-

=-==

êú

ç÷

èø

ëû

éù

æö

-

=-==

êú

ç÷

èø

ëû

=--+


Below the ceiling. Antenna orientation is towards floor

	BS antenna tilt
	Mechanical tilt = 180deg (Panel array is on horizontal plane)

	BS antenna height
	3 m

	BS antenna element gain + connector loss
	For around 30 GHz: 5 dBi

	BS receiver noise figure
	For around 30 GHz: 7 dB

	UE Tx power
	Maximum 23dBm

	UE antenna element pattern
	For around 30 GHz:
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	UE antenna elements
	For around 30GHz: 

(M, N, P, Mg, Ng)=(2,4,2,1,2), the polarization angles are 0 and 90deg
(dH,dV) = (0.5, 0.5)λ
Inter-panel distance: 6.0λ

	UE antenna height
	1.5m

	UE antenna gain
	For around 30 GHz: 5dBi

	UE receiver noise figure
	For around 30 GHz: 13 dB (baseline performance)

	Traffic model
	FTP model 1/3 with packet size 0.5 Mbytes (other value is not precluded). 

Ratio of DL/UL traffic = 4:1

	UE distribution
	100% Indoor, 3km/h

	UE receiver
	Companies to report the receiver type

	BS receiver
	Companies to report the receiver type


*Note: The highlighted ones are additional assumptions.
3.4 Proposal
Based on the above discussions, the following proposal is made.
Proposal 2: The evaluation assumptions in Table 1 Table 2  and Table 3 should be used for the evaluation of unified duplex study.
4 Conclusion

In this contribution, we presented some considerations for the evaluation scenarios, metrics, method and evaluation assumptions for unified duplex, and have the following proposals:
Proposal 1: For unified duplex evaluation, indoor hotspot, dense urban, and urban macro are employed as evaluation scenarios. 5%-tile and 50%-tile user perceived throughput are used as evaluation metric. System-level simulation shall be used.
Proposal 2: The evaluation assumptions in Table 1 Table 2  and Table 3 should be used for the evaluation of unified duplex study.
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