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Introduction
In previous RAN4#104-e and 104bis-e meetings, the detail items of simulation assumptions were discussed and agreed. Based on the workplan, we proposed the co-channel adjacent subband leakage and selectivity model, proposals to the existing open assumptions and calibration suggestions.
Discussion
UE TX aggressor toward co-channel victim (FR1)
In R4-2217513, IBE is selected as the UE Tx leakage baseline for co-channel inter-subband interference of FR1 UE. The FR1 UE IBE was defined in TS 38.101-1 as shown below.
	Quote from TS 38.101-1
Table 6.4.2.3-1: Requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of  - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency  but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see clause  5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see clause 5.3).
NOTE 8:	EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:	 is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm. 
NOTE 11:	For almost contiguous allocations defined in clause 6.2.2, LCRB = NRB_alloc + NRB_gap with no in-gap emission requirement.






Observation 1: The IQ image and carrier leakage limit only covers a very small number of RBs, in order to result in a typical value for the inter-subband Tx leakage, it’s reasonable to use ’General’ value as the calculation basis.

From the definition above, the IBE calculation would depend on the RB allocation (LCRB and NRB), UE Tx power per RB () and modulation scheme (EVM). Among these input variables, the RB allocation and EVM can refer to the exemplary settings from R1-2210758 and requirements from TS 38.101-1, as shown below.
	Agreement in R1-2210758
For SLS evaluation purposes only, Alt 1/2/4 (SBFD UL subband is about 20% of the channel bandwidth) and SBFD Subband configuration#1 with {DUD} pattern, the following is assumed: 
· For FR1 
· Baseline: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>
· Optional: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <106, 51, 5>
· For FR2
· Baseline: 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <25, 14, 1>
· Optional: 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>
· Other values of < ND, NU, NG > are not precluded and can be reported by companies.

Requirements from TS 38.101-1
Table 6.4.2.1-1: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5






With the reference above, the input variable would be within the ranges summarized below. 
Table 2.1-1 Input variables for IBE in FR1
	Variables
	Values/Ranges

	NRB
	273

	LCRB
	55

	

	{1~109} for {DUD}
{1~218} for {DU}

	Modulation
	QPSK as example

	EVM
	0.175

	SCS
	30kHz

	
	-32.0 dB



Since we used ‘QPSK’ as an example for EVM, then the {} part of the equation resulting dB limit as shown in Figure 2.1-1 below. Then, the linear averaging value of dB limit of this part can be calculated as -22.2 dB for {DUD} configuration and -24.6 dB for {DU} configuration.
Figure 2.1-1 dB limit vs. delta_RB in 
[image: ]   [image: ]
(a) For {DUD}                                                           (b) For {DU}
With above input values, the IBE requirements for FR1 UE can be calculated as in the table below for different Tx powers.
Table 2.1-2 Calculation of IBE requirements for FR1 UE
	Items
	Unit
	Averaged IBE requirements over SBFD DL RBs

	UE Tx power
	dBm
	-11.6
	-6.6
	-1.6
	3.4
	8.4
	13.4
	18.4
	23

	

	dBm
	-29
	-24
	-19
	-14
	-9
	-4
	1
	5.6

	General {DUD}
	dB
	-22.2
	-22.2
	-22.2
	-22.2
	-22.2
	-22.2
	-22.2
	-22.2

	General {DU}
	dB
	-24.6
	--24.6
	-24.6
	-24.6
	-24.6
	-24.6
	-24.6
	-24.6



Observation 2: From our calculation for FR1 UE IBE requirements (Table-2), the averaged IBE requirements in adjacent sub-band DL is around -22.2 dB for {DU} config and -24.6 dB for {DUD}. And it is the minimum requirements derived from TS 38.101-1. The actual IBE performance of UE would be higher than this value.
Proposal 1: From Observation 1 and 2, we propose to use 28 dBc frequency flat value for FR1 UE to simulate the co-channel adjacent subband UE Tx leakage.

UE TX aggressor toward co-channel victim (FR2)
Quite similarly as section 2.1, from the IBE definition from TS 38.101-2 for FR2 UE, the calculation procedure and its result would be as follows.
	TS 38.101-2:
EVM:
Table 6.4.2.1-1: Minimum requirements for error vector magnitude
	
Parameter
	Unit
	Average EVM level
	Reference signal EVM level

	Pi/2 BPSK 
	%
	30.0
	30.0

	QPSK 
	%
	17.5
	17.5

	16 QAM 
	%
	12.5
	12.5

	64 QAM 
	%
	8.0
	8.0



Table 6.4.2.3.4-1: Requirements for in-band emissions for power class 3
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	



	Any non-allocated (NOTE 2)

	
	
	
	Output power for FR2-1
	Output Power for FR2-2
	

	IQ Image
	dB
	-25
	> 10 dBm
	> 8.1 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	≤ 10 dBm
	≤ 8.1 dBm
	

	Carrier leakage
	dBc
	-25
	> 0 dBm
	> -1.9dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 0 dBm
	-14.9 dBm ≤ Output power ≤ -1.9 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed in the RBs containing the DC frequency but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Clause 5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Clause 5.3).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	RB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. RB = 1 or RB = -1 for the first adjacent RB outside of the allocated bandwidth).
NOTE 10:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	All powers are EIRP in beam peak direction.






With the reference above, the input variable would be within the ranges summarized below. 
Table 2.2-1 Input variables for IBE in FR2-1 PC3 UE
	Variables
	Values/Ranges

	NRB
	132

	LCRB
	32

	

	{1~50} for {DUD}
{1~100} for {DU}

	Modulation
	QPSK as example

	EVM
	0.175

	SCS
	120 kHz

	
	-31.2 dB



Then similarly, the linear averaging value of dB limit of this part can be calculated as -18.4 dB for {DUD} configuration and -20.7 dB for {DU} configuration.
Figure 2.2-1 dB limit vs. delta_RB in 
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(b) For {DUD}                                                           (b) For {DU}
With above input values, the IBE requirements for FR1 UE can be calculated as in the table below for different Tx powers.
Table 2.2-2 Calculation of IBE requirements for FR2-1 PC3 UE
	Items
	Unit
	Averaged IBE requirements over SBFD DL RBs

	UE Tx power
	dBm
	-16.6
	-11.6
	-6.6
	-1.6
	3.4
	8.4
	13.4

	

	dBm
	-34.0
	-29.0
	-24.0
	-19.0
	-14.0
	-9.0
	-4.0

	General {DUD}
	dB
	-18.4
	-18.4
	-18.4
	-18.4
	-18.4
	-18.4
	-18.4

	General {DU}
	dB
	-20.70
	-20.70
	-20.70
	-20.70
	-20.70
	-20.70
	-20.70



Observation 3: From our calculation for FR2-1 PC3 UE IBE requirements (Table-3), the averaged IBE requirements in adjacent sub-band DL is around -18.4 dB for {DUD} config and -20.7 dB for {DU}. And it is the minimum requirements derived from TS 38.101-2. The actual IBE performance of UE would be higher than this value.
Proposal 2: From Observation 1 and 3, we propose to use 22 dBc frequency flat value for FR 2-1 UE to simulate the co-channel adjacent subband UE Tx leakage.

SBFD intra-system-interference modelling in SLS simulation
Given the discussion of the co-channel interference modelling is still not converging in last meeting, but the work plan urges the simulation to start calibration work and to reach a steady status. And it’s important to note that RAN4’s co-ex study would focus on the adjacent channel interference impact and the associated ACIR results. Thus regardless of the diverging options that still remains in other discussions, for co-ex study system-level-simulation, the starting point should be established for all assumptions, including the interference modelling.
Observation 4: RAN4 SLS simulation would focus on the adjacent channel evaluation and resulting ACIR. The work plan required the SLS to establish at least starting points for all components of the simulation. RAN4 adjacent channel co-ex simulation has always been a static system-level-simulation and, in most cases, uses frequency flat or steps modelling.
When evaluating SBFD as victim in co-ex study, the throughput and SINR of SBFD itself is agreed as the evaluation baseline. The SINR calculation requires the intra-system-interference from the co-channel co-subband and inter-subband interference from co-site co-sector, inter-sector, and inter-site stations. 
Observation 5: When evaluating SBFD as victim in SLS, the intra-system-interference is consists of the impact from co-channel co-subband and inter-subband interference from co-site co-sector, inter-sector, and inter-site stations as described in Figure 2.3-1 below.
The below figure shows the co-channel interference part that required in the RAN4 adjacent channel co-ex study. All of them are in the SBFD intra-system-interference side.
Figure 2.3-1. The intra-system-interference of SBFD network, using {DUD} config
[image: ]
Where,
	No.
	Interference scenario
	Interference type
	Previous agreements/WFs for SLS
	Proposals

	
	Co-sector
SBFD DL -> SBFD UL
	gNB co-chanenl inter-subband self-interference
	{N = noise floor + XdB} to simulate the self-interference impact as a simplified method
X, taking 1dB as starting point.
(R4-2214379)
	For SBFD UL as victim:
· The impact of  and  combined into the {N = noise floor + XdB}, X=1dB as starting point. (Proposal 3)
·  Uses gNB ACLR and ACS as ”inter-subband ACLR” and ”inter-subband ACS” as starting point. (Proposal 4)
For SBFD DL as victim:
· : Uses values in Proposal 4 as ’inter-subband ACLR and ACS’ as starting point. (Proposal 1,2 and 4)

	
	Co-sector, inter-sector and inter-site
SBFD UL -> SBFD DL
	UE-UE co-channel inter-subband interference
	For FR1 UE uses IBE-model as Tx leakage to adjacent-subband; TBA for Rx from adjacent subband.
(R4-2217513)
	

	
	Co-site inter-sector
SBFD DL -> SBFD UL
	gNB-gNB co-site co-channel inter-subband interference
	FFS with options
	

	
	Inter-site
SBFD DL -> SBFD UL
	gNB-gNB inter-site co-channel inter-subband interference
	FFS with options
	

	
	Inter-sector, inter-site
SBFD UL -> SBFD UL
SBFD DL -> SBFD DL
	gNB -> UE or UE -> gNB
adjacent-sector co-channel co-subband interference
	Traditional co-frequency interference.
	N/A



Given the discussions in previous meetings, the co-site inter-sector gNB have the resources as RFIC, spatial, antenna and frequency isolation to reduce the interference from a co-site gNB. 
Observation 6: For co-site inter-sector gNB CLI, as , the overall level of the interference isolation, including RFIC, spatial, antenna and frequency isolation, applied to a co-site inter-sector gNB is still under discussion, and it’s a implementation-related value. 
Considering Observation 4, 5 and 6, we propose to use {N = noise floor + X dB, with X = [1] dB} to describe the combined impact of gNB self-interference  and co-site inter-subband gNB-gNB CLI  as starting point.
Proposal 3: Considering Observation 4, 5 nd 6 we propose to use {N = noise floor + X dB, with X = [1] dB as starting point} to describe the combined impact of gNB self-interference  and co-site inter-subband gNB-gNB CLI  in RAN4 SLS.
Observation 7: The agreements in R4-2217513 is to use IBE-model as Tx in adjacent subband and FFS with multiple options as Rx in adjacent subband. And in R4-2217464, the Tx and Rx model in adjacent subband is agreed to use ACLR and ACS as baseline or minimum.
Proposal 4: We propose to use the following values as ’ Co-channel adjacent subband Tx leakage ratio and Rx selectivity’ as starting point for UE and BS respectively in RAN4 SLS, where the UE Co-channel adjacent subband Tx leakage ratios are from Propsoal 1 and 2; UE Rx selectivity are proposed to use adjacent channel ACS and the BS values are from R4-2217464 agreements.
Table 2.3-1 Proposal 4
	Station
	Co-channel adjacent subband Tx leakage ratio and Rx selectivity

	UE
	FR1: 28 dBc (Tx,), 33 dBc (Rx,) 
FR2: 22 dBc (Tx), 23 dBc (Rx)

	BS
	FR1: 45 dBc (Tx), 46 dBc (Rx)
FR2: 28 dBc (Tx), 23.5 dBc (Rx)



Thus, for SBFD UL SINR without ACI (adjacent-channel-interference) can be calculated as follows:

· With Proposal 3 and 4, the above equation can be transformed into the equation below.

Where, ,  and the interference_ratioadjacent-subband can be derived from Inter-subband Tx and Rx values, as proposed in Proposal 4.

Proposal 5: For SBFD UL SINR without ACI, the modelling can be expressed below:

Where, 
,
 
gNB-gNB-interference-ratioadjacent-subband can be derived from co-channel adjacent-subband Tx and Rx values in Table 2.3-1.

And the SBFD DL SINR without ACI can be calculated as follows:

Where, ,  and the the interference_ratioadjacent-subband can be derived from Inter-subband Tx and Rx values, as proposed in Proposal 4.

Proposal 6: For SBFD DL SINR without ACI, the modelling can be expressed below:

Where, 
,
 
UE-UE-interference-ratioadjacent-subband can be derived from co-channel adjacent-subband Tx and Rx values in Table 2.3-1.

Other simulation assumptions
Indoor BS antenna
The TR 38.828 FR1 Indoor BS antenna is missing some information, it does not contain the element configuration and the 3dB beamwidth was not provided for AAS type antenna. Hence, we propose to use the following parameters for FR1 Indoor BS antenna, the parameters are referring to TR 38.921. The comparison of current status and the proposal is provided in the table below.
Table 2.4.1-1 FR1 Indoor BS proposal
	FR1 Indoor BS
	TR 38.828: As-is
	Proposal: to-be

	BS antenna (Mg,Ng,M,N,P), (dH,dV)
	TR 38.828: Not provided.
Previous agreements:
FFS
Option 1: 
Legacy TDD: (Mg,Ng,M,N,P) =(1,1,4,4,2),  (dH,dV)= (0.5, 0.5)λ

SBFD antenna configuration 1: (Mg,Ng,M,N,P) =(1,1,2,4,2), (dH,dV)= (0.5, 0.5)λ
SBFD antenna configuration 2: (Mg,Ng,M,N,P) =(1,1,4,4,2), (dH,dV)= (0.5, 0.5)λ
Note 1,2
	Use Option 1 as starting point.

	BS antenna element gain
	TR 38.828: 3.5 dBi
	Use TR 38.921: 5dBi

	BS noise figure
	TR 38.828: 5 dB
	Use TR 38.921: 13dB

	3dB beamwidth and Front-to-back ratio
	TR 38.828: 
θ3dB = 120, φ3dB = 120; SLAV = 25dB, Am = 25dB.
	Use TR 38.921: 
θ3dB = 90, φ3dB = 90; SLAV = 25dB, Am = 25dB.



Proposal 7: For FR1 Indoor BS, we propose to use Option 1 in R4-2217466 (Section 2.4.1) for BS antenna (Mg,Ng,M,N,P), (dH,dV); to use 5 dBi as element gain, 13 dB as Noise Figure, 90-deg as 3dB beamwidth referenced to TR 38.921, as described in Table 2.4.1-1.

UE dropping methodology in SLS
The UE dropping methodology is FFS with two options in #104-bis-e meeting, and the options are below.
	R4-2217466 WF
2.6.1	UE dropping methods in simulation (Issue 1-6-1)
•	Agreements: FFS following UE dropping method options
o	Option 1: Both evenly random dropping and cluster-based method considered in Urban Macro scenario;
o	Option 2: Only evenly random dropping considered in Urban Macro scenario
· 	Consider cluster-based method in a dedicate scenario, [Urban Hotspot] scenario, than Urban Macro scenario;



Given the current cluster-based dropping methodology discussed in last #104-bis-e meeting is actually to drop UE indoor, and the dropping methodology and details still require further discussion. Hence, we propose to use Option 2 of this Issue as the way forward.
Proposal 8: For UE dropping methods in simulation, only consider random dropping method in ’Urban Macro’ scenario, only consider cluster-based method in the separate ’Urban Hotspot’ scenario.

Calibration
Considering the work plan of the study item, the discussion progress and the RAN4 meeting arrangements, we suggest to kick-off the calibration procedure after this meeting. The traditional legacy TDD system has been long calibrated, and the assumptions and system parameters are not changed much in this study. 
Hence, we propose to calibrate the SBFD system with higher priority and the metrics of SINR, coupling loss and UL UE power distribution, to calibrate the implementations from contributing companies on this study.
Proposal 9: It is proposed to start the calibration procedure after this #105 meeting, and the calibration covers both legacy TDD and SBFD system, while SBFD system have higher priority. 
Proposal 10: The calibration metrics will include SINR, coupling loss and UL UE power distribution.
Preliminary results
The preliminary results in this section are simulated based on the latest assumptions agreed in last #104-bis-e meeting. The SBFD antenna configuration 1 is used for all results, other assumptions follow baseline assumptions. And the scenarios agreed are listed in the table below.
[Editor’s Note: The Table 2.1-1 refers to the R4-2214378 and R4-2214379.]
Table 2.1-1: Scenarios for SBFD co-ex study
	FR
	Scenario No.
	Deployment Scenario1
(Aggressor -> Victim)
	Priority

	FR1
(4GHz)
	1
	Urban Macro -> Urban Macro
	High

	
	2
	Indoor -> Indoor
	Low

	FR2
(30GHz)
	3
	Urban Macro -> Urban Macro
	High

	
	4
	Urban Micro -> Urban Micro
	Low

	
	5
	Indoor -> Indoor
	Low

	Note: The Urban Macro is agreed as baseline scenario for SBFD co-ex study with high priority in RAN4#104-e, while it does not preclude other scenarios.



2. 
Scenario 1: FR1, Urban Macro -> Urban Macro
SBFD DUD (aggressor) to legacy NR TDD DL (victim)
Table 3.1.1-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: SBFD DUD

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	5%
	0.34
	3.11

	
	50%
	0.62
	2.31

	
	95%
	0.43
	0
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Figure 3.1.1-1: CDF of SINR and throughput degradation
SBFD DU (aggressor) to legacy NR TDD DL (victim)
Table 3.1.2-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: SBFD DU

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	5%
	-0.32
	-2.99

	
	50%
	-0.17
	-0.64

	
	95%
	-0.13
	0
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Figure 3.1.2-1: CDF of SINR and throughput degradation
Legacy NR TDD DL (aggressor) to SBFD DUD (victim)
Table 3.1.4-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy SBFD DUD

	
	
	Aggressor: TDD DL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	-
	SBFD DL
	SBFD UL
	SBFD DL
	SBFD UL

	
	5%
	TBA
	0.17
	TBA
	3.34

	
	50%
	TBA
	0.26
	TBA
	1.87

	
	95%
	TBA
	0.02
	TBA
	0.14



[image: ] [image: ]
Figure 3.1.4-1: CDF of SINR and throughput degradation
Legacy NR TDD DL (aggressor) to SBFD DU (victim)
Table 3.1.4-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy SBFD DU

	
	
	Aggressor: TDD DL

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	-
	SBFD DL
	SBFD UL
	SBFD DL
	SBFD UL

	
	5%
	TBA
	0.28
	TBA
	4.98

	
	50%
	TBA
	0.27
	TBA
	1.93

	
	95%
	TBA
	0.02
	TBA
	0.13
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Figure 3.1.4-1: CDF of SINR and throughput degradation
Scenario 2: FR1, Indoor -> Indoor
TBA
Scenario 3: FR2, Urban Macro -> Urban Macro
SBFD DUD (aggressor) to legacy NR TDD DL (victim)
Table 3.3.1-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: SBFD DUD

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	5%
	-0.09
	-1.13

	
	50%
	-0.01
	-0.04

	
	95%
	0.13
	0
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Figure 3.3.1-1: CDF of SINR and throughput degradation

SBFD DU (aggressor) to legacy NR TDD DL (victim)
Table 3.3.2-1: SINR and throughput degradation
	Source
	Observation Point
	Victim: Legacy TDD DL

	
	
	Aggressor: SBFD DU

	
	
	SINR degradation (dB)
	Throughput degradation (%)

	Samsung
	5%
	-0.07
	-0.87

	
	50%
	-0.02
	-0.07

	
	95%
	0.01
	0
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Figure 3.3.2-1: CDF of SINR and throughput degradation
Legacy NR TDD DL (aggressor) to SBFD DUD (victim)
TBA
Legacy NR TDD DL (aggressor) to SBFD DU (victim)
TBA
Scenario 5: FR2, Indoor -> Indoor
TBA

[bookmark: _GoBack]Observation 8: For SBFD to legacy TDD DL, in both FR1 and FR2 Macro-to-Macro scenarios, and for both {DUD} and {DU} SBFD subband configurations, the performance degradation is within the 5% evaluation criteria and acceptable.
Conclusion
The following observations and proposals were presented in this document.
Observation 1: The IQ image and carrier leakage limit only covers a very small number of RBs, in order to result in a typical value for the inter-subband Tx leakage, it’s reasonable to use ’General’ value as the calculation basis.
Observation 2: From our calculation for FR1 UE IBE requirements (Table-2), the averaged IBE requirements in adjacent sub-band DL is around -22.2 dB for {DU} config and -24.6 dB for {DUD}. And it is the minimum requirements derived from TS 38.101-1. The actual IBE performance of UE would be higher than this value.
Proposal 1: From Observation 1 and 2, we propose to use 28 dBc frequency flat value for FR1 UE to simulate the co-channel adjacent subband UE Tx leakage.
Observation 3: From our calculation for FR2-1 PC3 UE IBE requirements (Table-3), the averaged IBE requirements in adjacent sub-band DL is around -18.4 dB for {DUD} config and -20.7 dB for {DU}. And it is the minimum requirements derived from TS 38.101-2. The actual IBE performance of UE would be higher than this value.
Proposal 2: From Observation 1 and 3, we propose to use 22 dBc frequency flat value for FR 2-1 UE to simulate the co-channel adjacent subband UE Tx leakage.
Observation 4: RAN4 SLS simulation would focus on the adjacent channel evaluation and resulting ACIR. The work plan required the SLS to establish at least starting points for all components of the simulation. RAN4 adjacent channel co-ex simulation has always been a static system-level-simulation and, in most cases, uses frequency flat or steps modelling.
Observation 5: When evaluating SBFD as victim in SLS, the intra-system-interference is consists of the impact from co-channel co-subband and inter-subband interference from co-site co-sector, inter-sector, and inter-site stations as described in Figure 2.3-1 below.
Figure 2.3-1. The intra-system-interference of SBFD network, using {DUD} config
[image: ]
Where,
	No.
	Interference scenario
	Interference type
	Previous agreements/WFs for SLS
	Proposals

	
	Co-sector
SBFD DL -> SBFD UL
	gNB co-chanenl inter-subband self-interference
	{N = noise floor + XdB} to simulate the self-interference impact as a simplified method
X, taking 1dB as starting point.
(R4-2214379)
	For SBFD UL as victim:
· The impact of  and  combined into the {N = noise floor + XdB}, X=1dB as starting point. (Proposal 3)
·  Uses gNB ACLR and ACS as ”inter-subband ACLR” and ”inter-subband ACS” as starting point. (Proposal 4)
For SBFD DL as victim:
· : Uses values in Proposal 4 as ’inter-subband ACLR and ACS’ as starting point. (Proposal 1,2 and 4)

	
	Co-sector, inter-sector and inter-site
SBFD UL -> SBFD DL
	UE-UE co-channel inter-subband interference
	For FR1 UE uses IBE-model as Tx leakage to adjacent-subband; TBA for Rx from adjacent subband.
(R4-2217513)
	

	
	Co-site inter-sector
SBFD DL -> SBFD UL
	gNB-gNB co-site co-channel inter-subband interference
	FFS with options
	

	
	Inter-site
SBFD DL -> SBFD UL
	gNB-gNB inter-site co-channel inter-subband interference
	FFS with options
	

	
	Inter-sector, inter-site
SBFD UL -> SBFD UL
SBFD DL -> SBFD DL
	gNB -> UE or UE -> gNB
adjacent-sector co-channel co-subband interference
	Traditional co-frequency interference.
	N/A


Observation 6: For co-site inter-sector gNB CLI, as , the overall level of the interference isolation, including RFIC, spatial, antenna and frequency isolation, applied to a co-site inter-sector gNB is still under discussion, and it’s a implementation-related value. 
Proposal 3: Considering Observation 4, 5 nd 6 we propose to use {N = noise floor + X dB, with X = [1] dB as starting point} to describe the combined impact of gNB self-interference  and co-site inter-subband gNB-gNB CLI  in RAN4 SLS.
Observation 7: The agreements in R4-2217513 is to use IBE-model as Tx in adjacent subband and FFS with multiple options as Rx in adjacent subband. And in R4-2217464, the Tx and Rx model in adjacent subband is agreed to use ACLR and ACS as baseline or minimum.
Proposal 4: We propose to use the following values as ’ Co-channel adjacent subband Tx leakage ratio and Rx selectivity’ as starting point for UE and BS respectively in RAN4 SLS, where the UE Co-channel adjacent subband Tx leakage ratios are from Propsoal 1 and 2; UE Rx selectivity are proposed to use adjacent channel ACS and the BS values are from R4-2217464 agreements.
Table 2.3-1 Proposal 4
	Station
	Co-channel adjacent subband Tx leakage ratio and Rx selectivity

	UE
	FR1: 28 dBc (Tx,), 33 dBc (Rx,) 
FR2: 22 dBc (Tx), 23 dBc (Rx)

	BS
	FR1: 45 dBc (Tx), 46 dBc (Rx)
FR2: 28 dBc (Tx), 23.5 dBc (Rx)



Proposal 5: For SBFD UL SINR without ACI, the modelling can be expressed below:

Where, 
,
 
gNB-gNB-interference-ratioadjacent-subband can be derived from co-channel adjacent-subband Tx and Rx values in Table 2.3-1.

Proposal 6: For SBFD DL SINR without ACI, the modelling can be expressed below:

Where, 
,
 
UE-UE-interference-ratioadjacent-subband can be derived from co-channel adjacent-subband Tx and Rx values in Table 2.3-1.

Proposal 7: For FR1 Indoor BS, we propose to use Option 1 in R4-2217466 (Section 2.4.1) for BS antenna (Mg,Ng,M,N,P), (dH,dV); to use 5 dBi as element gain, 13 dB as Noise Figure, 90-deg as 3dB beamwidth referenced to TR 38.921, as described in Table 2.4.1-1.
Table 2.4.1-1 FR1 Indoor BS proposal
	FR1 Indoor BS
	TR 38.828: As-is
	Proposal: to-be

	BS antenna (Mg,Ng,M,N,P), (dH,dV)
	TR 38.828: Not provided.
Previous agreements:
FFS
Option 1: 
Legacy TDD: (Mg,Ng,M,N,P) =(1,1,4,4,2),  (dH,dV)= (0.5, 0.5)λ

SBFD antenna configuration 1: (Mg,Ng,M,N,P) =(1,1,2,4,2), (dH,dV)= (0.5, 0.5)λ
SBFD antenna configuration 2: (Mg,Ng,M,N,P) =(1,1,4,4,2), (dH,dV)= (0.5, 0.5)λ
Note 1,2
	Use Option 1 as starting point.

	BS antenna element gain
	TR 38.828: 3.5 dBi
	Use TR 38.921: 5dBi

	BS noise figure
	TR 38.828: 5 dB
	Use TR 38.921: 13dB

	3dB beamwidth and Front-to-back ratio
	TR 38.828: 
θ3dB = 120, φ3dB = 120; SLAV = 25dB, Am = 25dB.
	Use TR 38.921: 
θ3dB = 90, φ3dB = 90; SLAV = 25dB, Am = 25dB.



Proposal 8: For UE dropping methods in simulation, only consider random dropping method in ’Urban Macro’ scenario, only consider cluster-based method in the separate ’Urban Hotspot’ scenario.
Proposal 9: It is proposed to start the calibration procedure after this #105 meeting, and the calibration covers both legacy TDD and SBFD system, while SBFD system have higher priority. 
Proposal 10: The calibration metrics will include SINR, coupling loss and UL UE power distribution.
Observation 8: For SBFD to legacy TDD DL, in both FR1 and FR2 Macro-to-Macro scenarios, and for both {DUD} and {DU} SBFD subband configurations, the performance degradation is within the 5% evaluation criteria and acceptable.
Reference
[1] R4-2214378, “WF on adjacent channel co-existence study”, Samsung.
[2] R4-2214379, “WF on simulation assumption for adjacent co-existence study”, CMCC.
[3] R4-2217466, “WF for adjacent channel co-existence evaluation of SBFD operation”, Samsung, CMCC.
[4] TR 38.828
[5] TR 38.921
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