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1. Introduction
This document provides way-forwards on adjacent channel co-existence simulation of non-overlapping subband fullduplex (SBFD) based on the outcomes of “Email discussion summary for [106][311] FS_NR_duplex_evo_Part2”.

2. Way forward on adjacent channel simulation assumption for SBFD
1.1 System parameters
1.1.1 Guard band for simulation (Issue 1-1-1)

· Agreements:

· Companies are encouraged to provide whether and how the guard band assumption is used in simulation
· Recommended default value: use 5RBs for 100MHz 30KHz SCS in FR1, use 3RBs for 200MHz 120kHz SCS in FR2.
1.1.2  UE numbers for DUD configuration. (Issue 1-1-3)

· Agreements:

· 1 UE for UL and 1 UE for DL, i.e. for both {DU} and {DUD} SBFD configuration

· Note: Per UE, only one sub-band block activated

1.2 Deployment scenario
1.2.1 Priority for Urban Hotspot scenario. (Issue 1-2-1)

· Agreements: Companies are encouraged to provide simulation results for Urban Hotspot scenario as 2nd priority.
1.2.2 Simulation case (Issue 1-1-2 and 1-2-3)

· Agreements:
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	NR TDD DL
	SBFD (DUD)
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Case 1
	NR TDD DL
	High

	
	SBFD (DU)
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Case 2
	NR TDD DL
	High

	NR TDD UL
	SBFD(DUD)
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Case 3
	NR TDD UL
	Low

	
	SBFD (DU)
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Case 4
	NR TDD UL
	Low

	SBFD (DUD)
	NR TDD DL
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Case 5
	No system in adjacent channel
	High

	SBFD (DU)
	NR TDD DL
	[image: image6.png]



Case 6
	
	High

	SBFD(DUD)
	NR TDD UL
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Case 7
	
	Low

	SBFD(DU)
	NR TDD UL
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Case 8
	
	Low


1.2.3 UMa-to-UMi co-existence scenario (Issue 1-2-4)

· Agreements: Companies also encouraged to simulate UMa-to-UMi co-existence scenario as 2nd priority.
1.2.4 UMi scenario simulation parameters (Issue 1-2-5)

The following simulation assumptions for UMi scenario are for information and will be further checked by companies.
Table 1: Network layout for urban macro to urban micro in FR1 (4GHz)
	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	Macro: 500 m, Micro: [289 m]

	Grid offset
	[x%]

	Carrier frequency
	4 GHz [or 3.7 GHz]

	Path-loss model
	-
Macro(Aggressor) → Micro(Victim):

-
MacroBS-to-UE: UMa see TR 38.803
  -    MicroBS-to-UE: UMi see TR 38.803

-
Macro-to-Micro: UMa (h_UE = [10 m]) see TR 38.803
For LoS probability for Macro-to-Macro case:
· Option 1: Reuse the same model as in TR 38.828 with h_UT equals to [10 m];
· Option 2: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.
· X = [0.75]
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.828.
ii. Use Option 2 for initial calibration purpose.

-
UE-to-UE: Outdoor UE – Outdoor UE see TR 36.828


+ penetration loss see TR 38.803
· UMi model is not applicable when 2D distance is less than 10m, instead free space model is applicable.

	BS Tx power
	Macro:
· For legacy TDD conducted power: 49 dBm
· For SBFD antenna configuration 1: 46 dBm
· For SBFD antenna configuration 2: 49 dBm
· Note 1,2,5
Micro:
· Max EIRP density: 47 dBm/10MHz (conducted power depends on the max antenna array gain)

	UE Tx power
	23 dBm (30 dBm for macrocell UEs is not precluded)

	BS antenna configurations
	Macro BS
· Baseline: Reuse TR 38.828 antenna model as in 2.2.1.5
For legacy TDD: (Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,4,8,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
Note 1,2,3,4,5
· Optional: Extended AAS model Section 5.2.3.2.4 of TR 38.803
For legacy TDD: TBA
For SBFD: TBA
Micro BS
· Option 1: omnidirectional coverage
One antenna with 5 dBi gain
· Option 2: 3-sector
For legacy TDD: (Mg,Ng,M,N,P)=(1,1,2,2,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna: (Mg,Ng,M,N,P)= (1,1,2,2,2) (dH,dV)=(0.5,0.8)λ

	BS antenna height
	25 m for macro BSs, [10 m] for micro BSs

	BS antenna element gain + connector loss
	Macro: 5 dBi (assuming antenna 1.8dB loss)
Micro: does not apply for option 1, 5 dBi for option 2

	BS receiver noise figure
	5 dB

	UE antenna configuration
	Omni

	UE antenna height
	· Baseline: Reuse TR 38.828 UE dropping assumption
hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl = 1
· The cluster based parameters are in 2.2.3.9.1

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Note 1:     SBFD antenna configuration 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. 
Note 2:     SBFD antenna configuration 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
Note 3:
Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 4:
TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.
Note 5:     Using SBFD antenna configuration 1 for calibration purpose; Both two configurations are recommended for simulation.


Table 2: ACLR and ACS for FR1
	Parameter
	Assumption/Value

	BS ACLR
	45 dBc

	BS ACS
	46 dBc

	UE ACLR
	[15] dBc for BW ≤ 50MHz
30 dBc for BW > 50MHz
(TS 38.101-1 Table 6.5.2.4.1-1) 

	UE ACS
	33 dBc (TS 38.101-1 Table 7.5-2)


Table 3: UE distribution for FR1
	Scenarios
	UE distribution

	Urban Micro
(Micro-to-Micro)
	Uniformly distributed in the cell. 20% indoor and 80% outdoor

	Urban Macro
(Macro-to-Macro)
	· Baseline: 20% indoor and 80% outdoor
· Optional: 80% indoor and 20% outdoor


Table 4: Other simulation parameters for FR1
	Parameters
	Urban micro
	Urban macro

	Channel bandwidth
	10 MHz
	100 MHz

	Scheduled channel bandwidth per UE (DL)
	For legacy TDD: 10 MHz
For SBFD {DUD}: 4MHz + 4MHz
For SBFD {DU}: 8MHz
Note 1, 2, 3
	For legacy TDD: 100 MHz
For SBFD {DUD}: 40MHz + 40MHz
For SBFD {DU}: 80MHz
Note 1, 2, 3

	Scheduled channel bandwidth per UE (UL)
	For legacy TDD: 10 MHz
For SBFD {DUD} and {DU}: 2MHz
Note 1, 2, 3
	For legacy TDD: 100 MHz
For SBFD {DUD} and {DU}: 20MHz
Note 1, 2, 3

	SBFD BS PSD
	Option 1: the PSD of SBFD is the same as legacy TDD at gNB side
Option 2: total Tx power per SBFD DL sub-band is the same as legacy TDD total power. i.e. the PSD of SBFD is higher than legacy TDD PSD
Note: Option 1 for calibration purpose.
companies are encouraged to report SBFD PSD when submitting simulation results.
	Option 1: the PSD of SBFD is the same as legacy TDD at gNB side
i.e. for SBFD antenna configuration 1, 26dBm/MHz PSD. for SBFD antenna configuration 2, 29dBm/MHz PSD.
Option 2: total Tx power per SBFD DL sub-band is the same as legacy TDD total power. i.e. the PSD of SBFD is higher than legacy TDD PSD
i.e. for SBFD antenna configuration 1, 46dBm total output power. for SBFD antenna configuration 2, 49dBm total output power
Note: Option 1 for calibration purpose.
companies are encouraged to report SBFD PSD when submitting simulation results.

	Traffic model
	Full buffer, Note 4, 5
	Full buffer, Note 4, 5

	Inter-BS distance
	[289m]
	500m

	Minimum BS-UE (2D) distance
	[10m]
	35m

	Minimum UE-UE (2D) distance
	[3m]
	3m for UMa
1m when UEs are in cluster as in Urban Hotspot scenario

	DL power control
	NO
	NO

	UL power control
	YES
	YES

	UE max TX power in dBm
	23 dBm
	23 dBm (30 dBm not precluded)

	UE min TX power in dBm
	-40 dBm (10 MHz CBW)
see TS 38.101-1 Table 6.3.1-1
	-33 dBm (100 MHz CBW)
see TS 38.101-1

	BS Noise figure in dB
	5 dB
	5 dB

	UE Noise figure in dB
	9 dB
	9 dB

	Handover margin in dB
	3 dB (Same as FR2)
	3 dB (Same as FR2)

	BS mechanical downtilt angle in degrees
	[0] degrees
	6 degrees

	Note 1: Above sub-band BW assumption used for simulation not aligned existing RAN4 agreed CHBW sets.
Note 2: Above parameters used for simulation purpose only.
Note 3: Companies are encouraged to provide the assumption they used for simulation (whether guard-band assumed and the values of guard-band if any)
Note 4: Start with full buffer while other RU is not precluded. Companies are encouraged to provide simulation results while indicating their RU assumption used. If the lower RU other than full buffer is suggested or implemented, the explanation of how this RU or traffic model is implemented in simulation should be provided.
Note 5: Using Full Buffer case for calibration. Further study whether to and how to simulate low RU case.


1.3 Network layout
1.3.1 Necessity of additional grid shift besides 100%. (Issue 1-4-1)

· Agreements: Take 100% grid shift as baseline assumptions, companies are also encouraged to bring evaluation simulations with other values besides 100% grid shift e.g. 10% grid shift as 2nd priority
1.3.2 network shifting methodology for specific grid shift between 0 and 100. (Issue 1-4-1)
One network layout of other grid shift value between 0 and 100% is that the second network is shifting with the limitation of minimum gNB-to-gNB distance between two networks.  

[image: image9.png]N N minimum gNB — gNB distance between two networks (D1)
grid shift = «100%
(D2 = /3 = cell radium)





With following two options for how to shift the second network.

· Option 1-1: second network is shifting along the line between BS and its closest 100%-grid-shift BS, where the distance from any BS in second network to its second and third closest BS in the first network is the same.

· Option 1-2: second network is shifting randomly with minimum distance assumption.
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1.3.3 number of Urban Macro sites. (Issue 1-4-3)

· Agreements: 19 sites with 57 sectors as agreed previously.
1.4 Pathloss model
1.4.1 CL definition (Issue 1-4-1)

· Agreements :: CL is the parameter describing the loss in signal between BS and UE or UE and UE or BS and BS, and is defined as the loss including antenna gains with BF weight measured between antenna connectors.
1.4.2 UE-to-UE pathloss model for FR1 Urban Macro scenarios (Issue 1-4-2)

Option 1:TR 38.828 UMi equations, which is also the same as in 38.803 (Nokia, Nokia Shanghai Bell, CMCC)

Option 2: use FSPL (ITU-R P.525) to replace the Xia-model, while the penetration loss remains to use TR 38.803 in previous agreement. With this, the previous agreement can be updated as following (Samsung)

Option 3: For distances below 50 m the FSPL, including the frequency component, should be considered for UE-UE path loss (32.4 + 20 log f_MHz + 20 log R_km). For distances above 50 m, UMi could be used, or the Xia model, assuming it is valid for the 4 GHz band (Ericsson)

Agreement: 
- UE-to-UE: UMi (h_BS=1.5 m ~ 22.5 m)+ penetration loss see TR 38.803
· UMi model is not applicable when 2D distance is less than 10m, instead FSPL is applicable.
1.4.3 LOS probability for gNB-to-gNB model (Issue 1-4-3)

· Option 1: for both FR1 and FR2 Uma-to-Uma, if the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.803. (CMCC)

· X = 0.75

· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.803

· Option 2: Reuse the same model (including LoS) as in TR 38.828 with h_UT equals to 25m; (Option 1 in previous agreed WF)

Agreement: option 2 as 1st priority and option 1 as 2nd priority
1.4.4 pathloss model (Issue 1-4-4)

· Option 1: For SBFD coexistence evaluation use pathloss model described in TR 38.901 for BS-to-UE and BS-to-BS propagation to be aligned with RAN1. Further consider a more relevant pathloss model for BS-to-BS propagation (Ericsson, Nokia)

· Option 2: remove the TR 38.901 option in the related cases of current co-ex study assumptions (Samsung)

Agreement: Follow previous agreement. Fix in the draft TP in the future.
1.5 UE characteristics
1.5.1 CLx-ile definition to correct error in previous WF (Issue 1-5-1)

· Agreement: CLx-ile = –SNR_target + UE_max_eirp– ThermalNoise – BS_NoiseFigure - 10*log10(BW).
1.5.2 FR2-1 UE antenna element gain(issue 1-5-3)

· Option 1: 5.5dBi
· Option 2: 3dBi (previous agreement)
Agreement: Option 1
1.5.3 FR2-1 UE height for Urban Macro (Issue 1-5-4)

· Agreement: 1.5m.
1.6 Interference modelling
1.6.1 Self-interference modelling (Issue 1-6-1)

· Agreement: Align with the conclusion from feasibility study if any in the future.
1.6.2 co-site inter-sector modelling (Issue 1-6-2)

· Agreement: Align with the conclusion from feasibility study if any in the future.
1.6.3 co-channel inter-subband inter-site modelling (Issue 1-6-3)

· Agreement: Align with the conclusion from feasibility study if any in the future.
1.6.4 ACS modelling (Issue 1-6-4)

Agreement:
Use flat ACS modelling in simulation for FR1 and FR2 gNB. 

· when aggressor BW is narrower than victim, e.g. SBFD gNB -> legacy TDD gNB

· equivalent ACS is equal to normal ACS 

· when aggressor BW is wider than victim, e.g. legacy gNB -> SBFD gNB

· total received interference = Ptx – (ACS - the ratio of aggressor BW to victim BW)

1.6.5  Noise figure blocking modelling in simulation (Issue 1-6-5)

Agreement: Use the model agreed in feasibility study.
1.7 gNB characteristics
1.7.1 gNB antenna configuration (Issue 1-7-1)

Agreement:
For FR1:
· For FR1 urban macro, update previous agreement and reuse the same antenna configuration of Urban macro as in TR 38.921 for non-sub array antenna configuration.
For FR2:

· Option 1: For FR2, reuse the same as in 38.828 Section 5.2.2.5 for FR2
· Option 2:Using following parameter values: (90, 90) degree beamwidths, element separation (0.5, 0.5) and element peak gain of 5.5 dBi to minimize gain error

1.7.2 SBFD PSD (Issue 1-7-2)

Agreement:
· For SBFD power allocation consider constant PSD for transmitted power, which is the same as for legacy TDD. i.e. for FR1 Urban macro, 26dBm/MHz PSD for antenna config 1 and 29dBm/MHz PSD for antenna config 2

1.7.3 gNB output power for both SBFD configuration 2 and legacy TDD (Issue 1-7-3)

Agreement:
For FR1: 49dBm/100MHz 1st priority, 53dBm/100MHz 2nd priority.
For FR2: 30dBm/200MHz 1st priority, FFS on larger value than 30dBm/200MHz.
3. Calibration

3.1
deadline for calibration (Issue 2-1-2)

Agreement:
The deadline for simulation is at the end of RAN4 #106bis meeting.
3.2
calibration metric (Issue 2-1-1)

Agreement:
gNB-to-gNB coupling loss and UE-to-UE coupling loss are also suggested.
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