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1 Introduction
 As shown in SBFD study item description, RAN1 is responsible for SBFD performance, CLI handling among inter-gNB, and inter-UE and for identifying possible solutions for CLI mitigation, etc. In the meantime, RAN4 has been studying the feasibility of SBFD, including the impact of SBFD operation on RF requirements, and the coexistence between legacy TDD and SBFD. Due to the unlikeness in study item goals between RAN1 and RAN4, the differences in SLS assumptions occur in the SBFD SLS evaluation by each working group. Since the dissimilarity in SLS evaluation assumptions could lead to different insights for the SBFD operation, it can help us to understand the differences by comparing the agreed evaluation assumptions between two groups. In this contribution, we discuss the impact of differences in agreed upon simulation assumptions between RAN1 and RAN4 on SBFD evaluation results.
2 Differences in RAN1 and RAN4 assumptions for SBFD simulations
1 
2 
[bookmark: _Toc104488388][bookmark: _Toc134691858]2.1	Channel modelling
Table 2.1-1: Urban macro channel model in RAN1 and RAN4 
	
	RAN1
	RAN4

	gNB-UE Channel model
	FR1:
· Macro-to-UE: UMa in TR 38.901
· For FR1, gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model
FR2-1:
· Macro-to-UE: UMa in TR 38.901
	FR1:
· Macro-to-UE: UMa in TR 38.803
· O2I penetration loss follows TR 38.803
FR2-1:
· Macro-to-UE: UMa in TR 38.803
· O2I penetration loss follows TR 38.803.

	gNB-gNB Channel model
	FR1:
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
FR2-1:
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m) 

LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
	FR1:
· Macro-to-Macro: UMa in TR 38.803 (hUE =25m)
FR2-1:
· Macro-to-Macro: UMa in TR 38.803 (hUE =25m) 

- Option 1: 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 38.803.
- Option 2: Reuse the same model as in TR 38.803 with h_UT equals to 25m;

	UE-UE Channel model
	FR1:
· UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).
FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).

For FR1, penetration loss between UEs follows Table A.2.1-12 in TR38.802

	FR1:
· UE-to-UE: UMi see TR 36.828 + penetration loss see TR 38.803
FR2-1:
· UE-to-UE: UMi 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.


In channel modelling, RAN4 reuses the channel model in TR 38.803 for urban macro and indoor office scenarios. In the meanwhile, RAN1 reuses the channel model in TR 38.901 for urban macro and indoor office scenarios. In both TR, the path loss is defined for urban macro and indoor office scenarios. Even though the scenario is identical in both TR 38.803 and TR 38.901, the path loss of urban macro LOS has differences as follows:

Table 2.1‑2: Pathloss model in TR 38.803
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]
	Applicability range,
antenna height
default values 

	UMa LOS
	



	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)

d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 25 m




Table 2.1‑3: Pathloss model in TR 38.901
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	UMa
	LOS
	
, see note 1





	





	





Observation 1. The LOS pathloss of the urban macro scenario has differences between RAN1 and RAN4.
Due to the difference in LOS pathloss in urban macro scenario, the coupling loss of gNB-to-UE, gNB-to-gNB, and UE-to-UE may show difference in SLS.
Table 2.1-4: Indoor Office channel model in RAN1 and RAN4 
	
	RAN1
	RAN4

	gNB-UE Channel model
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
FR2-1:
· TRP-to-UE: InH-Office in TR 38.901

Penetration loss is not modelled.
	FR1:
· BS-to-UE: InH-office see TR 38.803
FR2-1:
· BS-to-UE: InH-office see TR 38.803

Penetration loss is not modelled

	gNB-gNB Channel model
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
FR2-1:
· TRP-to-UE: InH-Office in TR 38.901

Penetration loss is not modelled.
	FR1:
· BS-to-UE: InH-office see TR 38.803
FR2-1:
· BS-to-UE: InH-office see TR 38.803

Penetration loss is not modelled

	UE-UE Channel model
	FR1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
	FR1:
· UE-to-UE: InH-office see TR 38.803
FR2-1:
· UE-to-UE: InH-office see TR 38.803.


In indoor office scenario, only applicability range has difference between TR 38.901 and TR 38.803. In TR 38.901, the applicability range is 1 m to 150 m for 3D distance but 1 m to 100 m in TR 38.803.
2.2 System level simulation assumptions
According to the goal of system level simulation in RAN1 and RAN4, the below simulation assumptions were considered for SBFD study. The system level simulation assumptions for SBFD have different or identical parameters in RAN1 and RAN4.
Table 2.2‑1: SLS assumptions common to FR1 Urban Macro scenario
	Parameters
	RAN1
	RAN4

	Carrier frequency
	4GHz

	BS antenna array configuration
	For Legacy TDD
[bookmark: _GoBack](M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8) 
SBFD antenna configuration Option 2 (Method 2-1)
· Two panel groups
· For each panel group: (M,N,P,Mg,Ng) = (8,8,2,1,1). 
· Number of TxRUs: same as legacy TDD
· (dH,dV) = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	•	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 2: (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 in TR 38.803, subclause 5.2.3.2.4.

	UE antenna configuration
	Omnidirectional antenna

	BS antenna radiation pattern
	reuse Table 9 in Report ITU-R M.2412
	Both SBFD and NR TDD gNB reuse TR 38.828 model without considering sub-arrays

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain


	Channel Model
	Refer to Table 2.1-1

	Traffic model
	FTP3 traffic model consisting of Poisson packet arrival process and packet size:
- Option 1 (higher priority): 4Kbytes for DL and 1Kbyte for UL
- Option 2 (higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL
Loads: Low (5-10% RB utilization), medium (20-40%) and high (>50%)
	Full buffer

	Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around 
	UMa Single layer with 19 hexagonal cell with wrap around

	UE distribution
	UE clustering
	Uniform

	System bandwidth
	100MHz

	Numerology
	14 OFDM symbol slot, SCS = 30kHz


	BS Tx power
	53 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	Option 1:
For SBFD antenna configuration 1: 46 dBm
For SBFD antenna configuration 2: 49 dBm
49 dBm is assume for maximum BS transmit power for legacy TDD
Option 2: 
For SBFD antenna configuration 1: 50 dBm
For SBFD antenna configuration 2: 53 dBm
53 dBm is assume for maximum BS transmit power for legacy TDD

	UE Tx power
	23dBm


	BS ACLR
	45 dB
	45 dBc

	BS ACS
	46 dB
	Baseline: 50 dBc
Optional: A reported value within the range 46 to 62 dBc

	UE ACLR
	30 dB
	UE ACLR is modelled as 30 dB at max power, and improves 1dB/dB with backoff up to a maximum 10 dB of improvement. So this means at 10 dB backoff the ACLR is 40 dB

	UE ACS
	33 dB
	33 dBc

	BS self-interference isolation
	corresponding approximately to 1 dB desense
	Self-interference power is: Noise floor - 6dB 
(corresponding approximately to 1 dB desense)

	BS inter-sector interference isolation
	• 	option 1: 75dB for spatial isolation (RAN4 typical value).
• 	option 2: 93dB for spatial isolation (RAN4 best value).
• 	option 3: 100dB for spatial isolation 
-	In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
	Sum of all inter-sector gNB-gNB CLI per site correspond to Noise floor - 6 dB (corresponding approximately to 1 dB desense)

	Open loop power control parameters
	Companies to report power control parameters.
	Transmit power selected to reach a SNR target of 15 dB
Refer to TR 36.942

	BS receiver noise figure
	5 dB


	UE receiver noise figure
	9 dB


	Handover margin
	3 dB 

	Mechanic tilt
	For calibration: 90° in GCS (pointing to horizontal direction)
	6°

	Beam set at TRxP (Constraints for the range of selective analog beams per TRxP)
	For calibration: For direction of TRxP analog beam steering (in LCS):
Zenith angle θj = pi*102/180
NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524
	-



Table 2.2‑2: SLS assumptions common to FR1 Indoor Office scenario
	Parameters
	RAN1
	RAN4

	Carrier frequency
	4GHz

	BS antenna array configuration
	For Legacy TDD
(M,N,P,Mg,Ng;Mp,Np) = (4,4,2,1,1; 4,4) 
(dH,dV)  = (0.5, 0.5)λ,  +45°/-45° polarization

SBFD antenna configuration Option 2 (Method 2-1) 
· Two panel groups
· For each panel group: (M,N,P,Mg,Ng) = (4,4,2,1,1). 
· Number of TxRUs: same as legacy TDD
· (dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ


	For Legacy TDD
(Mg,Ng,M,N,P) =(1, 1, 4, 4, 2) 
(dH,dV)= (0.5λ, 0.5λ)

For SBFD antenna config-1: (Mg,Ng,M,N,P)=(1,1,2,4,2) (dH,dV)=(0.5,0.5)λ
For SBFD antenna config 2: (Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.5)λ

	UE antenna configuration
	Omnidirectional antenna

	BS antenna radiation pattern
	reuse Table 10 in Report ITU-R M.2412
	Both SBFD and NR TDD gNB reuse TR 38.828 model without considering sub-arrays

	UE antenna radiation pattern
	Omni-directional with 0 dBi element gain


	Channel Model
	Refer to Table 2.1-2

	Traffic model
	FTP3 traffic model consisting of Poisson packet arrival process and packet size:
- Option 1 (higher priority): 4Kbytes for DL and 1Kbyte for UL
- Option 2 (higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL
Loads: Low (5-10% RB utilization), medium (20-40%) and high (>50%)
	Full buffer

	Layout
	12 TRPs per 120m x 50m x 3m
	Total 12 BSs 
(operator A: 6 BSs & operator B: 6 BSs) 120 m x 50 m

	UE distribution
	Uniform
	Uniform

	System bandwidth
	100MHz

	Numerology
	14 OFDM symbol slot, SCS = 30kHz


	BS Tx power
	24 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD
	24 dBm is assume for maximum BS transmit power for legacy TDD

BS transmit power for SBFD
For SBFD antenna configuration 1: 21 dBm
For SBFD antenna configuration 2: 24 dBm

	UE Tx power
	23dBm


	BS ACLR
	45 dB
	45 dBc

	BS ACS
	46 dB
	Baseline: 50 dBc
Optional: A reported value within the range 46 to 62 dBc

	UE ACLR
	30 dB
	UE ACLR is modelled as 30 dB at max power, and improves 1dB/dB with backoff up to a maximum 10 dB of improvement. So this means at 10 dB backoff the ACLR is 40 dB

	UE ACS
	33 dB
	33 dBc

	BS self-interference isolation
	corresponding approximately to 1 dB desense
	Self-interference power is: Noise floor - 6dB 
(corresponding approximately to 1 dB desense)

	BS inter-sector interference isolation
	• 	option 1: 75dB for spatial isolation (RAN4 typical value).
• 	option 2: 93dB for spatial isolation (RAN4 best value).
• 	option 3: 100dB for spatial isolation 
-	In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
	Sum of all inter-sector gNB-gNB CLI per site correspond to Noise floor - 6 dB (corresponding approximately to 1 dB desense)

	Open loop power control parameters
	Companies to report power control parameters.
	Transmit power selected to reach a SNR target of 15 dB
Refer to TR 36.942

	BS receiver noise figure
	5 dB


	UE receiver noise figure
	9 dB


	Handover margin
	3 dB 

	Mechanic tilt
	For calibration: 180° in GCS (pointing to the ground)
	90° (pointing to the ground)

	Beam set at TRxP (Constraints for the range of selective analog beams per TRxP)
	-
	-


Observation 2. Some simulation assumptions for SBFD have differences in RAN1 and RAN4.

3 Calibration results comparison between RAN1 and RAN4
RAN1 has completed SBFD SI in the last meeting but RAN 4 is still working on SBFD simulation according to its SBFD SI timeline. We think it could help our understanding of the evaluation results if we compare them. For that reason, we have compared the calibration results based on the evaluation work performed by RAN1 and RAN4 in this contribution, as referenced [1] and [2]. For statistically reasonable comparison purposes, we use the mean value of each coupling loss result in RAN1 and RAN4. 
For the antenna configuration, RAN4 quoted only SBFD antenna configuration 1 submitted by multiple companies because there is only one source company providing the evaluation results using the antenna configuration 2. 
During SI phase, RAN4 only considered the large-scale environment and the urban macro scenarios has more differences in terms of simulation assumptions as shown in section 2. For those reasons, we compared the results under the large-scale fading environment and the urban macro scenario rather than the indoor office scenario.

[bookmark: _Ref146705706]Figure 3-1: gNB-to-UE coupling loss results in FR1 urban macro scenario
Figure 3-1 depicts the gNB-to-UE coupling loss results in RAN1 and RAN4. Based on the collected data, the gNB-to-UE coupling loss results in RAN1 have more loss compared with RAN4’s results. In our view, the reasons for this difference are the BS antenna radiation pattern, tilt of gNB and UE outdoor/indoor proportion. First, unlike RAN1, RAN4 does not consider sub-array for gNB antenna radiation pattern. Thus, all antenna elements can be used to form a beam for a UE. That can make more beamforming gain for a UE, and it can compensate for the loss between the gNB and UE. Second, the tilting of gNB has different values between RAN1 and RAN4. Especially in RAN1, the constraints for the range of selective analog beams at TRxP are considered, and that applies only for calibration purposes. Due to the assumption of beam set constraints at RAN1, it could happen that the boresight of the beam at gNB cannot align with the UE. Vice versa, RAN4 considers that there are no such kind of constraints between gNB and UE. Third, RAN1 considers UE outdoor/indoor proportion is 20% outdoor and 80% indoor. Whereas RAN4 assumes 80% outdoor and 20% indoor UE distribution. Therefore, more gNB-to-UE links in RAN1 scenario suffer penetration loss compared to RAN4 scenario. 
Observation 3. In FR1 urban macro scenario, gNB-to-UE link is subjected to more loss in RAN1 results compared to RAN4 results.

[bookmark: _Ref146705981]Figure3-2: gNB-to-gNB coupling loss results in FR1 urban macro scenario
The gNB-to-gNB coupling loss results in RAN1 and RAN4 are shown in Figure3-2. Contrary to the gNB-to-UE case, gNB-to-gNB links have more loss in RAN4 scenario compared to RAN1. It can be introduced by the network layout difference. In the simulation assumptions in RAN4, they consider 17 hexagonal sectors with 51 cells. However, only 7 sites which have three hexagonal sectors in RAN1’s network layout. Therefore, in the RAN4 scenario, a larger number of gNBs with the same inter-site distance as RAN1 are distributed in the simulation region, resulting in a larger overall simulation region. In other words, in the RAN4 scenario, situations where the distance between base stations is longer than in RAN1 are also supposed.
Observation 4. In FR1 urban macro scenario, gNB-to-gNB links have more loss in RAN4 results compared to RAN1 results.

Figure3-3: UE-to-UE coupling loss results in FR1 urban macro scenario
In the UE-to-UE coupling loss results, RAN4 results show more loss in UE-to-UE coupling loss. This is caused by differences in UE dropping method. In RAN1 scenario, 2 UE cluster deployments per TRP are considered and 10 UEs are distributed by clustering method with a 25 m radius. Furthermore, specific UE-to-UE coupling loss which 2D distances between UEs are greater than 50 m is omitted. Whereas UEs are deployed uniformly in the cell area in RAN4. Thus, the distance among UEs is closer and they experience less loss in RAN1 scenario.
Observation 5. In FR1 urban macro scenario, UE-to-UE links have less loss in RAN1 results compared to RAN4 results.
Proposal 1. Adding comparison of RAN1 and RAN4 simulation methodology, assumptions, and potential impacts on the results and conclusions in Annex E may help reader’s understanding.

4 Conclusion
In this contribution we compare simulation assumptions and calibration results between RAN1 and RAN4 for SBFD simulations. Based on the comparison, we have made following observations: 
Observation 1. The LOS pathloss of the urban macro scenario has differences between RAN1 and RAN4.
Observation 2. Some simulation assumptions for SBFD show differences in RAN1 and RAN4.
Observation 3. In FR1 urban macro scenario, gNB-to-UE link is subjected to more loss in RAN1 results compared to RAN4 results
Observation 4. In FR1 urban macro scenario, gNB-to-gNB links have more loss in RAN4 results compared to RAN1 results.
Observation 5. In FR1 urban macro scenario, UE-to-UE links have less loss in RAN1 results compared to RAN4 results.
Proposal 1. Adding comparison of RAN1 and RAN4 simulation methodology, assumptions, and potential impacts on the results and conclusions in Annex E may help reader’s understanding.
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