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1 Introduction

In the 3GPP RAN#96 meeting, the Rel-18 Study Item on the evolution of NR duplex operation has been approved. The sub-band full duplex (SBFD) and time division duplex (TDD) coexistence simulation assumptions were defined in RAN4 #105 [1], updated in RAN4 #106 [2], RAN4 #106-bis-e [3], and RAN4 #107 [4]. The simulation assumptions are summarized as a TP [5] to TR 38.858, which was approved in RAN4 #108. The simulation offline calibration was done in RAN4 #106-bis-e [6]. Nine companies participated in the offline calibration for the simulation [7]-[8]. The coexistence simulation results should be submitted before the RAN4 #108-bis meeting as agreed in [9]. Table 1 [3] lists simulation cases, and Table 2 [4] provides simulation scenarios.
Assuming two adjacent-channel cellular networks in TDD bands use the same TDD configurations (TDD synchronization), there is no base station (BS)-to-BS (DL-to-UL) or UE-to-UE (UL-to-DL) adjacent-channel interference (ACI). However, the SBFD will introduce BS-to-BS and UE-to-UE ACI. In this contribution, we focus on BS-to-BS ACI. The corresponding coexistence simulation results for case 2 (NR TDD UL as the victim and SBFD DL as the aggressor) are provided. In this paper, we also present results for the following cases and scenarios:

· scenario 1: FR1 urban macro (UMa)-to-UMa,

· scenario 2: FR1 urban hotspot to /urban hotspot,
· scenario 4: FR1 UMa-to-urban micro (UMi),

· scenario 5: FR1 UMi-to-UMi, and
· scenario 6: FR2-1 UMa-to-UMa.
We have presented simulation results for scenarios 1, 2, 4, 5, 6, and 7 in the RAN4 #108 meeting [10]. In this paper, we provide results for scenarios 1, 2, 4, 5, and 6 with more optional assumptions. Scenario 7 was removed in RAN4 #108 [9].
Table 1. Coexistence cases [5].
	Case
	Aggressor
	Victim
	Slot allocation

Aggressor                                        Victim
	Priority

	1
	SBFD
	TDD DL
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	High

	2
	SBFD
	TDD UL
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	Low

	3
	TDD DL
	SBFD
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	High

	4
	TDD UL
	SBFD
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	Low


Table 2. Network deployment scenarios [5].
	Scenario
	FR
	Aggressor
	Victim
	Priority

	1
	FR1
	Urban Macro
	Urban Macro
	High

	2
	FR1
	Urban Hotspot
	Urban Hotspot
	Low

	3
	FR1
	Indoor
	Indoor
	Low

	4
	FR1
	Urban Macro
	Micro
	High

	5
	FR1
	Micro
	Micro
	Low

	6
	FR2-1
	Urban Macro
	Urban Macro
	High

	7
	FR2-1
	Urban Hotspot
	Urban Hotspot
	Low

	8
	FR2-1
	Urban Micro
	Urban Micro
	Low

	9
	FR2-1
	Indoor
	Indoor
	Low


2 SBFD/TDD coexistence results for scenario 1 (FR1 UMa-to-UMa)
The simulation assumptions follow the RAN4 agreement [1]-[5], and [9]. The assumptions with multiple options for the FR1 UMa-to-UMa scenario are listed in Table 3. A more detailed description of the assumptions is presented in [5]. We simulated 40 options for scenario 1: two BS TX power levels, two SBFD BS antenna sizes, two BS receiver noise figure models, and five grid shift values.

Table 3. Optional assumptions used in scenario 1.

	Optional parameters
	Options simulated
	The value used in the simulation

	BS TX power
	2
	Option 1: TDD: 49 dBm, SBFD config 1: 46 dBm, SBFD config 2: 49 dBm

Option 2: TDD: 53 dBm, SBFD config 1: 50 dBm, SBFD config 2: 53 dBm

	SBFD BS TX power density
	1
	Equal PSD, e.g., 46 dBm for antenna configuration 1 without power boosting (option 2 for issue 1-5-3 in R4-2305921). Then adjusted to 45 dBm/80MHz, equivalent to 26 dBm/MHz (constant PSD in the recommended WF for issue 1-7-2 in R4-2302888)

	SBFD BS antenna configuration
	2
	SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,4,8,2) (dH,dV)=(0.5,0.8)λ
SBFD antenna configuration 2: (Mg,Ng,M,N,P)= (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

	BS-to-BS channel model
	1
	UMa TR 38.828 LOS probability + path loss

	BS ACS
	1
	50 dBc

	BS RX noise figure model
	2
	Option 1 (baseline): P1=-43 dBm, P2=-25 dBm, F1=5 dB, F2=14 dB

Option 2: P1=-33 dBm, P2=-15 dBm, F1=5 dB, F2=14 dB

	Grid shift
	5
	100% (289 m), 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m)


The grid shift is defined in [3]. It is the BS-to-BS distance between two adjacent channel cellular networks. The baseline assumptions use a 100% grid shift, which is 289 m between the black triangles (victim network BS locations) and red triangles (aggressor network BS locations) in Figure 1(a). 100% grid shift maximizes the BS-to-BS distance between two adjacent-channel networks, so it is the best case to minimize the BS-to-BS ACI for cases 2 and 3. Smaller grid shift increases BS-to-BS ACI. Comparative analysis for 100% (289 m), 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m) grid shift values, see Figure 1, will be provided in the rest of the section. The grid shift does not materially impact the UE-to-UE ACI in cases 1 and 4, so only the baseline value of 100% grid shift is simulated for cases 1 and 4.
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Figure 1. Victim and aggressor networks topology in the FR1 UMa-to-UMa scenario for grid shift of (a) 100% (289 m); (b) 50% (144 m); (c) 25% (72 m); (d) 10% (29 m); and (e) 5% (14 m).
Four signal-to-noise ratio (SNR) or signal-to-interference-plus-noise ratio (SINR) values are compared for cases 1 and 2 when legacy TDD is the victim and SBFD is the aggressor:

1. SNR: wanted signal and noise only, no interference is considered.

2. SINR without ACI, the interference only includes intra-network co-channel interference from neighbor cells.

3. Baseline SINR (as defined in Table 1): the interference is aggregated by both co-channel interference and ACI, where ACI assumes the adjacent-channel aggressor network uses legacy TDD and the two networks are TDD synced (use the same TDD configuration and frame aligned) so that there is no DL-to-UL (BS-to-BS) or UL-to-DL (UE-to-UE) ACI.

4. SINR with ACI: the interference is aggregated by both co-channel interference and ACI, where ACI assumes the adjacent-channel aggressor network uses SBFD. So, the DL-to-UL (BS-to-BS) and UL-to-DL (UE-to-UE) ACI need to be considered.

Three signal-to-noise ratio (SNR) or signal-to-interference-plus-noise ratio (SINR) values are compared for cases 3 and 4 when SBFD is the victim and legacy TDD is the aggressor: 
1. SNR: wanted signal and noise only, no interference is considered.

2. SINR without ACI (defined as the baseline in Table 1): the interference only includes intra-network co-channel interference from neighbor cells.

3. SINR with ACI: the interference is aggregated by both co-channel interference and ACI, where ACI assumes the adjacent-channel aggressor network uses legacy TDD. So, the DL-to-UL (BS-to-BS) and UL-to-DL (UE-to-UE) ACI need to be considered. The types of ACI when SBFD is the victim are illustrated in Figure 2.
a. When SBFD operation is in a DL slot, the SBFD DL is impacted by legacy TDD DL, which is an aggressor-BS-to-victim-UE (or DL-to-DL) ACI. The results presented in this paper do not include it because it is similar to TDD network to TDD network ACI. The results are provided in the EXCEL spreadsheet packed in the same zip file. The SBFD UL is impacted by legacy TDD DL, which is an aggressor-BS-to-victim-BS (or DL-to-UL) ACI. It is introduced by SBFD in the TDD/SBFD coexistence scenario. Case 3 analyses this aggressor-BS-to-victim-BS ACI.
b. When SBFD operation is in a UL slot, the SBFD UL is impacted by legacy TDD UL, which is an aggressor-UE-to-victim-BS (or UL-to-UL) ACI. The results presented in this paper do not include it because it is similar to TDD network to TDD network ACI. These results are provided in the EXCEL spreadsheet packed in the same zip file. The SBFD DL is impacted by legacy TDD UL, which is an aggressor-UE-to-victim-UE (or UL-to-DL) ACI. It is introduced by SBFD in the TDD/SBFD coexistence scenario. Case 4 analyses this aggressor-UE-to-victim-UE ACI.
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Figure 2. Types of ACI when SBFD is the victim.
The example SNR, SINR, and throughput cumulative distribution functions (CDFs) for cases 1 and 2 for the FR1 UMa-to-UMa scenario with 100% grid shift are presented in Figures 3 and 4, respectively.
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Figure 3. Legacy TDD DL SINR and throughput with/without SBFD in the adjacent channel based on 100% grid shift (289 m): (a) DL SINR; (b) DL throughput.
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Figure 4. Legacy TDD UL SINR and throughput with/without SBFD in the adjacent channel based on 100% grid shift (289 m): (a) UL SINR; (b) UL throughput.

The SINR and throughput degradation results for cases 1 – 4 in the FR1 UMa-to-UMa scenario are summarized in Tables 4 and 5, in which the values are with ACIR + 0 dB and without BS noise figure enhancement. The values for cases 1 and 2 are compared between ACI and baseline, and the values for cases 3 and 4 are compared between with ACI and without ACI. All other values are provided in a separate EXCEL spreadsheet that follows the RAN4 template.
Note that “NaN” is listed in the Tables 4 and 5 for some of the cell-edge (5th percentile) throughput degradation values, which means the baseline SINR for cases 1 and 2 and the SINR with ACI for cases 3 and 4 are already below -10 dB so the throughput at cell-edge is already dropped to zero (lose coverage). The SINR degradation due to ACI does not make sense anymore.
We have presented similar BS-to-BS ACI simulations for the FR1 UMa-to-UMa scenario in RAN4 #108 [10] and RAN4 #107 [11]. In this contribution, some assumptions are updated based on the RAN4 agreements in #107 [4] and #108 [5]. The observations and conclusions still hold.

Observation 1: When SBFD operation is in UL slots, the cell-edge (5th percentile) TDD UL throughput (case 2) in the FR1 UMa-to-UMa scenario degrades by 18~100% for 100% grid shift, and 100% for all other grid shift values due to ACI, which indicates legacy TDD loss UL coverage at the cell edge because of the strong BS-to-BS interference introduced by SBFD. The average TDD UL throughput with 100% grid shift (289 m) degrades by 3~8%, and the degradation increases to 12~20%, 24~35%, 39~52%, and 52~65% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m).
Observation 2: When SBFD operation is in DL slots, the average SBFD UL throughput (case 3) in the FR1 UMa-to-UMa scenario with 100% grid shift (289 m) degrades by 6~19% due to ACI, and the degradation increases to 16~37%, 30~56%, 47~73%, and 59~83% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m).
Table 4. UL SINR and throughput degradation in the FR1 UMa-to-UMa scenario.

	Grid shift
	BS antenna config
	BS TX power
	Case 2, TDD UL as victim, SBFD as aggressor
	Case 3, SBFD UL in DL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	Option 1:
TDD: 49 dBm
SBFD: 46 dBm
	1.02 
	0.74 
	19.64 
	4.31 
	2.46
	1.38
	NaN
	12.41

	50%
	
	
	4.58 
	2.27 
	100.00 
	13.88 
	7.96
	3.39
	NaN
	28.08

	25%
	
	
	9.60 
	4.76 
	100.00 
	26.87 
	14.54
	7.15
	NaN
	46.02

	10%
	
	
	16.50 
	9.14 
	100.00 
	43.38 
	22.66
	13.25
	NaN
	65.28

	5%
	
	
	22.03 
	13.21 
	100.00 
	55.75 
	28.76
	17.73
	100.00
	75.84

	100%
	2
	Option 1:
TDD: 49 dBm
SBFD: 49 dBm
	0.90 
	0.55 
	17.83 
	3.48 
	1.59
	0.53
	29.06
	6.29

	50%
	
	
	3.91 
	1.97 
	100.00 
	11.97 
	5.46
	1.42
	100.00
	16.37

	25%
	
	
	8.79 
	4.21 
	100.00 
	24.11 
	11.95
	3.54
	100.00
	30.44

	10%
	
	
	15.59 
	8.17 
	100.00 
	39.48 
	19.21
	7.60
	100.00
	47.34

	5%
	
	
	20.84 
	12.07 
	100.00 
	51.62 
	25.24
	11.73
	100.00
	59.06

	100%
	1
	Option 2:
TDD: 53 dBm
SBFD: 50 dBm
	1.97 
	1.25 
	100.00 
	7.68 
	3.77
	2.18
	NaN
	18.79

	50%
	
	
	6.23 
	3.49 
	100.00 
	20.02 
	11.32
	5.18
	NaN
	37.09

	25%
	
	
	13.16 
	6.76 
	100.00 
	34.54 
	18.98
	9.71
	100.00
	55.76

	10%
	
	
	19.89 
	12.03 
	100.00 
	52.13 
	26.68
	16.20
	NaN
	73.05

	5%
	
	
	25.58 
	16.93 
	100.00 
	64.90 
	33.32
	21.78
	100.00
	82.83

	100%
	2
	Option 2:
TDD: 53 dBm
SBFD: 53 dBm
	1.58 
	0.95 
	100.00 
	6.01 
	2.74
	0.84
	100.00
	9.98

	50%
	
	
	5.62 
	2.78 
	100.00 
	16.89 
	8.47
	2.51
	100.00
	23.45

	25%
	
	
	11.05 
	5.86 
	100.00 
	30.84 
	14.84
	5.36
	100.00
	39.33

	10%
	
	
	19.10 
	10.29 
	100.00 
	46.91 
	22.91
	9.97
	100.00
	55.63

	5%
	
	
	24.87 
	15.36 
	100.00 
	60.23 
	28.98
	14.59
	100.00
	66.69


Observation 3: When SBFD operation is in DL slots, the TDD DL throughput (case 1) in the FR1 UMa-to-UMa scenario has no degradation.

Observation 4: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR1 UMa-to-UMa scenario has almost no degradation.

Table 5. DL SINR and throughput degradation in the FR1 UMa-to-UMa scenario.

	Grid shift
	BS antenna config
	BS TX power
	Case 1, TDD DL as victim, SBFD as aggressor
	Case 4, SBFD DL in UL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	Option 1:
TDD: 49 dBm
SBFD: 46 dBm
	-0.09 
	-0.22 
	-1.41 
	-0.66 
	0.01
	0.01
	0.15
	0.04

	50%
	
	
	-0.17 
	-0.20 
	-2.71 
	-0.67 
	0.01
	0.01
	0.10
	0.04

	25%
	
	
	-0.23 
	-0.19 
	-3.69 
	-0.72 
	0.02
	0.01
	0.40
	0.05

	10%
	
	
	-0.04 
	-0.24 
	-0.58 
	-0.76 
	0.02
	0.03
	0.33
	0.08

	5%
	
	
	-0.14 
	-0.28 
	-2.27 
	-0.77 
	0.03
	0.01
	0.49
	0.04

	100%
	2
	Option 1:
TDD: 49 dBm
SBFD: 49 dBm
	-0.02 
	-0.06 
	-0.27 
	-0.20 
	0.04
	0.01
	0.68
	0.03

	50%
	
	
	-0.05 
	-0.08 
	-0.80 
	-0.25 
	0.00
	0.01
	0.00
	0.02

	25%
	
	
	-0.02 
	-0.06 
	-0.41 
	-0.21 
	0.00
	0.00
	0.05
	0.02

	10%
	
	
	-0.03 
	-0.03 
	-0.56 
	-0.20 
	0.00
	0.01
	0.01
	0.02

	5%
	
	
	-0.03 
	-0.04 
	-0.42 
	-0.18 
	0.01
	0.01
	0.13
	0.03

	100%
	1
	Option 2:
TDD: 53 dBm
SBFD: 50 dBm
	-0.02 
	-0.07 
	-0.28 
	-0.16 
	0.03
	0.02
	0.58
	0.05

	50%
	
	
	-0.08 
	-0.02 
	-1.29 
	-0.07 
	0.01
	0.01
	0.16
	0.04

	25%
	
	
	-0.11 
	-0.02 
	-1.71 
	-0.09 
	0.00
	0.02
	0.00
	0.04

	10%
	
	
	-0.05 
	-0.04 
	-0.73 
	-0.23 
	0.02
	0.03
	0.28
	0.04

	5%
	
	
	-0.11 
	-0.07 
	-1.84 
	-0.30 
	0.01
	0.00
	0.14
	0.05

	100%
	2
	Option 2:
TDD: 53 dBm
SBFD: 53 dBm
	-0.06 
	-0.07 
	-0.99 
	-0.21 
	0.00
	0.01
	0.00
	0.02

	50%
	
	
	-0.01 
	-0.07 
	-0.12 
	-0.24 
	0.00
	0.01
	0.00
	0.02

	25%
	
	
	-0.05 
	-0.06 
	-0.73 
	-0.21 
	0.00
	0.00
	0.00
	0.02

	10%
	
	
	-0.01 
	-0.09 
	-0.11 
	-0.21 
	0.00
	0.01
	0.00
	0.02

	5%
	
	
	0.00 
	-0.08 
	-0.03 
	-0.18 
	0.01
	0.02
	0.20
	0.03


3 SBFD/TDD coexistence results for scenario 2 (FR1 urban hotspot to urban hotspot)

All the simulation assumptions for scenario 2 are the same as scenario 1, except for the random UE location distribution. There is one cluster in the victim cell. The cluster does not cross cell boundaries in both victim and aggressor networks. The minimum distance from the cluster center to each nearby BS is 60 m. 80% of UE locations are indoor uniformly distributed inside the cluster, and the rest of the 20% UE locations are outdoor uniformly distributed in the sector. The adjacent-channel aggressor cell that overlaps with the cluster shares the cluster with the victim network, which means 80% of the aggressor UE locations and 80% of the victim UE locations in this specific cell are inside the same cluster. The minimum distance between UEs in the same cluster is 1 m. The height of UE inside a cluster is always 1.5 m (no height variation). When the victim UE and aggressor UE are allocated in the same cluster, neither the outdoor-to-indoor (O2I) loss nor the interior-building wall penetration loss is considered.

The throughput degradation results for cases 1 – 4 in the FR1 urban hotspot to urban hotspot scenario are summarized in Tables 6 and 7. The BS-to-BS interference in scenarios 1 and 2 is very similar and the UE-to-BS interference only slightly changed from scenario 1 to scenario 2 due to different UE random locations. The TDD or SBFD UL SINR and throughput degradation is similar between scenarios 1 and 2.
Observation 5: When SBFD operation is in UL slots, the average TDD UL throughput (case 2) in the FR1 urban hotspot to urban hotspot scenario with 100% grid shift (289 m) degrades by 4~9% due to ACI, and the degradation increases to 10~16%, 26~37%, 42~55%, and 53~67% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m). 
Observation 6: When SBFD operation is in DL slots, the average SBFD UL throughput (case 3) in the FR1 urban hotspot to urban hotspot scenario with 100% grid shift (289 m) degrades by 6~20% due to ACI, and the degradation increases to 13~30%, 32~60%, 49~77%, and 60~85% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m).
Table 6. UL SINR and throughput degradation in the FR1 urban hotspot to urban hotspot scenario.
	Grid shift
	BS antenna config
	BS TX power
	Case 2, TDD UL as victim, SBFD as aggressor
	Case 3, SBFD UL in DL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	Option 1:
TDD: 49 dBm
SBFD: 46 dBm
	1.04 
	1.07 
	NaN
	5.87 
	2.85
	2.36
	100
	13.96

	50%
	
	
	5.38 
	2.25 
	NaN
	11.30 
	6.58
	3.78
	100
	21.57

	25%
	
	
	12.23 
	5.83 
	NaN
	29.63 
	16.64
	9.50
	100
	50.31

	10%
	
	
	18.58 
	10.55 
	NaN
	46.87 
	23.84
	16.08
	100
	70.07

	5%
	
	
	24.01 
	14.75 
	NaN
	59.28 
	29.53
	21.02
	100
	78.59

	100%
	2
	Option 1:
TDD: 49 dBm
SBFD: 49 dBm
	0.62 
	0.75 
	NaN
	4.23 
	1.02
	1.08
	100
	6.06

	50%
	
	
	4.26 
	2.10 
	NaN
	9.86 
	5.22
	2.13
	100
	13.08

	25%
	
	
	10.47 
	4.88 
	NaN
	25.60 
	10.45
	6.07
	100
	31.93

	10%
	
	
	16.82 
	9.16 
	NaN
	42.39 
	17.92
	10.24
	100
	48.77

	5%
	
	
	22.26 
	12.81 
	NaN
	53.39 
	23.84
	14.54
	100
	60.35

	100%
	1
	Option 2:
TDD: 53 dBm
SBFD: 50 dBm
	1.84 
	1.63 
	NaN
	8.71 
	4.07
	3.44
	100
	20.14

	50%
	
	
	7.59 
	3.34 
	NaN
	16.35 
	9.64
	5.32
	100
	29.66

	25%
	
	
	15.53 
	7.46 
	NaN
	36.61 
	19.30
	12.13
	100
	59.83

	10%
	
	
	22.64 
	13.26 
	NaN
	55.28 
	27.20
	19.73
	100
	77.46

	5%
	
	
	27.57 
	18.07 
	NaN
	66.50 
	33.54
	24.73
	100
	85.12

	100%
	2
	Option 2:
TDD: 53 dBm
SBFD: 53 dBm
	1.59 
	1.33 
	NaN
	6.79 
	1.62
	1.57
	100
	9.33

	50%
	
	
	7.78 
	2.90 
	NaN
	13.86 
	7.15
	3.06
	100
	18.58

	25%
	
	
	13.45 
	6.55 
	NaN
	32.99 
	14.63
	7.46
	100
	38.84

	10%
	
	
	21.14 
	11.53 
	NaN
	50.05 
	22.06
	13.19
	100
	57.20

	5%
	
	
	26.46 
	15.79 
	NaN
	60.86 
	27.93
	17.50
	100
	68.06


The probability that a victim UE is close to an aggressor UE is significantly increased in scenario 2, so the UE-to-UE interference increased, and the SINR and throughput degradation due to the UE-to-UE interference is increased compared with scenario 1.

Observation 7: When SBFD operation is in DL slots, the cell-edge (5th percentile) TDD DL throughput (case 1) in the FR1 urban hotspot to urban hotspot scenario degrades by up to 32% due to ACI. The average TDD DL throughput degrades by up to 5%.

Observation 8: When SBFD operation is in UL slots, the cell-edge (5th percentile) SBFD DL throughput (case 4) in the FR1 urban hotspot to urban hotspot scenario degrades by 19~66% due to ACI. The average SBFD DL throughput degrades by 4~10%.
Table 7. DL SINR and throughput degradation in the FR1 urban hotspot to urban hotspot scenario.

	Grid shift
	BS antenna config
	BS TX power
	Case 1, TDD DL as victim, SBFD as aggressor
	Case 4, SBFD DL in UL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	Option 1:
TDD: 49 dBm
SBFD: 46 dBm
	1.14 
	1.18 
	18.76 
	4.36 
	4.42
	2.14
	58.17
	9.94

	50%
	
	
	0.77 
	0.48 
	13.38 
	2.12 
	3.65
	1.69
	51.40
	7.28

	25%
	
	
	1.41 
	0.69 
	22.93 
	3.00 
	5.11
	1.91
	64.32
	9.59

	10%
	
	
	1.72 
	0.88 
	26.89 
	4.16 
	5.06
	2.03
	63.84
	9.73

	5%
	
	
	2.10 
	0.97 
	31.72 
	4.37 
	5.39
	2.00
	66.19
	9.39

	100%
	2
	Option 1:
TDD: 49 dBm
SBFD: 49 dBm
	1.54 
	1.31 
	24.72 
	5.23 
	2.18
	1.63
	31.99
	6.91

	50%
	
	
	1.04 
	0.76 
	17.68 
	3.19 
	1.94
	1.35
	29.22
	5.36

	25%
	
	
	1.80 
	1.12 
	28.84 
	4.71 
	2.10
	1.45
	32.05
	6.45

	10%
	
	
	1.59 
	1.22 
	25.56 
	5.19 
	2.37
	1.66
	34.64
	6.98

	5%
	
	
	2.04 
	1.10 
	31.17 
	5.40 
	2.30
	1.82
	33.93
	7.17

	100%
	1
	Option 2:
TDD: 53 dBm
SBFD: 50 dBm
	0.56 
	0.66 
	9.39 
	2.58 
	2.58
	1.61
	38.30
	7.53

	50%
	
	
	0.04 
	0.04 
	0.80 
	0.36 
	2.37
	1.30
	35.91
	5.78

	25%
	
	
	0.54 
	0.29 
	9.48 
	1.39 
	2.58
	1.64
	39.17
	7.78

	10%
	
	
	0.85 
	0.56 
	13.96 
	2.32 
	2.95
	1.61
	43.08
	7.63

	5%
	
	
	0.93 
	0.62 
	15.27 
	2.42 
	3.00
	1.75
	43.25
	7.89

	100%
	2
	Option 2:
TDD: 53 dBm
SBFD: 53 dBm
	1.01 
	1.12 
	16.58 
	3.78 
	1.65
	1.44
	24.57
	5.28

	50%
	
	
	0.60 
	0.53 
	10.26 
	2.23 
	1.22
	0.97
	18.91
	3.83

	25%
	
	
	0.96 
	0.80 
	16.11 
	3.38 
	1.32
	1.21
	20.71
	4.88

	10%
	
	
	1.38 
	0.91 
	21.93 
	3.63 
	1.87
	1.47
	27.73
	5.94

	5%
	
	
	1.32 
	0.85 
	20.73 
	3.77 
	1.92
	1.37
	28.31
	5.33


4 SBFD/TDD coexistence results for scenario 4 (FR1 UMa-to-UMi)

Only the UMi network using legacy TDD and the UMa network using SBFD is studied in scenario 4. The simulation assumptions follow the RAN4 agreement [1]-[4]. The assumptions with multiple options are listed in Table 8. The UMi BS is medium range (MR) BS, as agreed in the RAN4 #107 meeting, with a 10-dB noise figure and a minimum BS-to-UE distance of 5 m. The legacy TDD UMi network BSs use a 2×2 antenna array with a max gain of 11 dBi. The SBFD BS employs two 2×2 antenna arrays for simultaneous UL reception and DL transmission. The conducted BS TX power is 46 dBm over a 100-MHz channel bandwidth, deriving an EIRP of 57 dBm/100MHz or equivalent 47 dBm/10MHz that meets the FCC EIRP limit for the CBRS band Cat-B BS. BS-to-BS path uses the UMa path loss and LOS probability models by changing the UT height to 10 m. The UE-to-UE path uses the UMi path loss and LOS probability models by changing the BS height to the randomly assigned UE height. The BS ACS for both macrocells and microcells is updated to 50 dBc based on [4].

Table 8. Optional assumptions used in scenario 4.
	Optional parameters
	Options simulated
	The value used in the simulation

	UMa BS TX power
	2
	Option 1: TDD: 49 dBm, SBFD config 1: 46 dBm, SBFD config 2: 49 dBm

Option 2: TDD: 53 dBm, SBFD config 1: 50 dBm, SBFD config 2: 53 dBm

	UMa SBFD BS TX power density
	1
	Equal PSD, e.g., 46 dBm for antenna configuration 1 without power boosting (option 2 for issue 1-5-3 in R4-2305921). Then adjusted to 45 dBm/80MHz, equivalent to 26 dBm/MHz (constant PSD in the recommended WF for issue 1-7-2 in R4-2302888)

	UMa SBFD BS antenna configuration
	2
	SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,4,8,2) (dH,dV)=(0.5,0.8)λ
SBFD antenna configuration 2: (Mg,Ng,M,N,P)= (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

	UMi BS TX power
	1
	46 dBm/100MHz for legacy TDD

45 dBm/80MHz (constant PSD) for SBFD

	UMi BS antenna configuration
	1
	(Mg,Ng,M,N,P)= (1,1,2,2,2) (dH,dV)=(0.5,0.5)λ

	BS-to-BS channel model
	1
	UMa TR 38.828 LOS probability + path loss

	BS ACS
	1
	50 dBc

	BS RX noise figure model
	2
	Option 1 (baseline): P1=-43 dBm, P2=-25 dBm, F1=5 dB, F2=14 dB

Option 2: P1=-33 dBm, P2=-15 dBm, F1=5 dB, F2=14 dB

	Grid shift
	5
	100% (167 m), 50% (83 m), 25% (42 m), and 10% (17 m)


The grid shift in the FR1 UMa-to-UMi scenario is defined in [12]. The baseline assumptions use 100% grid shift relative to the UMi inter-site distance (ISD) of 289 m. The 100% grid shift is 167 m between the center black triangle (victim network BS location) and center red triangle (aggressor network BS location) in Figure 4(a). 100% grid shift maximizes the BS-to-BS distance between two adjacent-channel networks, so it is the best case to minimize the BS-to-BS ACI. Smaller grid shift increases BS-to-BS ACI. Comparative analysis for 100% (167 m), 50% (83 m), 25% (42 m), and 10% (17 m) grid shift values, see Figure 5, will be provided in the rest of the section.
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Figure 5. Victim and aggressor networks topology in the UMa-to-UMi scenario for grid shift of (a) 100% (167 m); (b) 50% (83 m); (c) 25% (42 m); and (d) 10% (17 m).
The throughput degradation results for cases 1 – 4 in the FR1 UMa-to-UMi scenario are summarized in Tables 9 and 10.

Observation 9: When SBFD operation is in UL slots, the average TDD UL throughput (case 2) in the FR1 UMa-to-UMi scenario with 100% grid shift (167 m) degrades by 8~18% due to ACI, and the degradation changes to 22~38%, 19~28%, and 5~11% when the grid shift is reduced to 50% (83 m), 25% (42 m), and 10% (17 m).
Observation 10: When SBFD operation is in DL slots, the average SBFD UL throughput (case 3) in the FR1 urban hotspot to urban hotspot scenario with 100% grid shift (289 m) degrades by 5~12% due to ACI, and the degradation increases to 13~23%, 12~22%, and 6~9% when the grid shift is reduced to 50% (144 m), 25% (72 m), and 10% (29 m).
The SINR and throughput degradation with a 50% grid shift is larger than the values at both greater grid shift (e.g., 100%) and smaller grid shift (e.g., 25% and 10%). The TDD UL throughput degradation does not always increase when the BS-to-BS distance (grid shift) reduces, this is due to the different heights of macrocell and microcell BSs. The relative elevation angle changes when the BS-to-BS distance is reduced, then the interference path is out of the BS main beam, which reduces the BS-to-BS interference. The balance point between the BS-to-BS path loss and antenna gain achieved around 46% grid shift, at which the SINR and throughput degradation are maximized.
Table 9. UL SINR and throughput degradation in the FR1 UMa-to-UMi scenario.

	Grid shift
	BS antenna config
	BS TX power
	Case 2, TDD UL as victim, SBFD as aggressor
	Case 3, SBFD UL in DL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 46 dBm
UMa SBFD: 45 dBm
	1.36 
	0.91 
	NaN
	7.86 
	1.99
	0.77
	100.00
	7.95

	50%
	
	
	4.35 
	2.89 
	NaN
	22.38 
	3.26
	1.26
	100.00
	12.73

	25%
	
	
	3.25 
	2.35 
	NaN
	18.77 
	3.63
	1.70
	100.00
	16.06

	10%
	
	
	0.25 
	0.46 
	NaN
	5.26 
	0.53
	0.72
	10.87
	6.59

	100%
	2
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 49 dBm
UMa SBFD: 48 dBm
	2.27 
	1.39 
	NaN
	12.10 
	0.88
	0.47
	17.07
	4.57

	50%
	
	
	6.28 
	4.15 
	NaN
	29.44 
	5.56
	1.55
	100.00
	16.79

	25%
	
	
	3.82 
	2.43 
	NaN
	19.49 
	3.59
	1.23
	100.00
	12.22

	10%
	
	
	0.20 
	0.68 
	NaN
	6.91 
	0.79
	0.62
	15.38
	5.95

	100%
	1
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 50 dBm
UMa SBFD: 49 dBm
	2.27 
	1.46 
	NaN
	11.99 
	3.20
	1.14
	100.00
	11.87

	50%
	
	
	6.66 
	4.39 
	NaN
	30.77 
	5.11
	1.84
	100.00
	17.65

	25%
	
	
	4.94 
	3.25 
	NaN
	25.89 
	6.00
	1.84
	100.00
	22.34

	10%
	
	
	0.43 
	0.88 
	NaN
	8.51 
	1.61
	1.12
	29.47
	10.01

	100%
	2
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 53 dBm
UMa SBFD: 52 dBm
	3.27 
	2.31 
	NaN
	17.57 
	1.65
	0.73
	29.69
	7.49

	50%
	
	
	9.16 
	5.63 
	NaN
	38.07 
	8.11
	2.51
	100.00
	23.04

	25%
	
	
	5.62 
	3.66 
	NaN
	27.60 
	5.47
	1.82
	100.00
	18.05

	10%
	
	
	0.77 
	1.11 
	NaN
	10.79 
	1.84
	0.94
	32.38
	9.27


Observation 11: When SBFD operation is in DL slots, the legacy TDD DL throughput (case 1) in the FR1 UMa-to-UMi scenario has no degradation.
Observation 12: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR1 UMa-to-UMi scenario has almost no degradation.

Table 10. DL SINR and throughput degradation in the FR1 UMa-to-UMi scenario.

	Grid shift
	BS antenna config
	BS TX power
	Case 1, TDD DL as victim, SBFD as aggressor
	Case 4, SBFD DL in UL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 46 dBm
UMa SBFD: 45 dBm
	-0.50 
	-0.21 
	-11.00 
	-1.21 
	0.01
	0.01
	0.11
	0.02

	50%
	
	
	-0.24 
	-0.15 
	-5.05 
	-0.78 
	0.00
	0.00
	0.00
	0.01

	25%
	
	
	-0.48 
	-0.11 
	-10.33 
	-0.88 
	0.01
	0.00
	0.11
	0.02

	10%
	
	
	-0.65 
	-0.17 
	-14.15 
	-0.98 
	0.01
	0.00
	0.20
	0.03

	100%
	2
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 49 dBm
UMa SBFD: 48 dBm
	-0.17 
	-0.06 
	-3.68 
	-0.47 
	0.01
	0.00
	0.09
	0.02

	50%
	
	
	-0.19 
	-0.06 
	-3.93 
	-0.46 
	0.00
	0.01
	0.00
	0.01

	25%
	
	
	-0.17 
	-0.07 
	-3.46 
	-0.46 
	0.00
	0.00
	0.00
	0.01

	10%
	
	
	-0.11 
	-0.11 
	-2.34 
	-0.47 
	0.01
	0.62
	0.15
	0.02

	100%
	1
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 50 dBm
UMa SBFD: 49 dBm
	-0.76 
	-0.26 
	-17.22 
	-1.83 
	0.00
	0.00
	0.00
	0.02

	50%
	
	
	-0.36 
	-0.13 
	-7.88 
	-0.84 
	0.00
	0.00
	0.07
	0.01

	25%
	
	
	-0.96 
	-0.20 
	-22.36 
	-1.41 
	0.01
	0.01
	0.22
	0.01

	10%
	
	
	-0.89 
	-0.26 
	-20.83 
	-1.38 
	0.02
	0.00
	0.30
	0.01

	100%
	2
	UMi TDD: 46 dBm
UMi SBFD: 45 dBm
UMa TDD: 53 dBm
UMa SBFD: 52 dBm
	-0.44 
	-0.13 
	-9.62 
	-0.76 
	0.00
	0.00
	0.00
	0.01

	50%
	
	
	-0.36 
	-0.16 
	-7.85 
	-0.76 
	0.00
	0.00
	0.00
	0.01

	25%
	
	
	-0.28 
	-0.12 
	-6.03 
	-0.71 
	0.00
	0.00
	0.00
	0.01

	10%
	
	
	-0.27 
	-0.12 
	-5.96 
	-0.71 
	0.00
	0.00
	0.00
	0.01


5 SBFD/TDD coexistence results for scenario 5 (FR1 UMi-to-UMi)

The optional simulation assumption values used in the simulation are listed in Table 11. The results reported in this section are based on 46 and 38 dBm/100MHz BS TX power and the UMi LOS probability and path loss model. The UE-to-UE path uses the UMi path loss and LOS probability models by changing the BS height to the randomly assigned UE height. The BS ACS is 50 dBc based on [4].

Table 11. Optional assumptions used in scenario 5.

	Optional parameters
	Options simulated
	The value used in the simulation

	UMi BS TX power
	2
	Option 1: 46 dBm/100MHz for legacy TDD and 45 dBm/80MHz (constant PSD) for SBFD

Option 2: 38 dBm/100MHz for legacy TDD and 37 dBm/80MHz (constant PSD) for SBFD



	BS antenna configuration
	1
	(Mg,Ng,M,N,P)= (1,1,2,2,2) (dH,dV)=(0.5,0.8)λ for both TDD and SBFD BSs

	BS-to-BS channel model
	1
	UMi TR 38.803 LOS probability + path loss

	BS ACS
	1
	50 dBc

	Grid shift
	4
	100% (167 m), 50% (83 m), 25% (42 m), and 10% (17 m)


The grid-shift definition is similar to scenario 1 (FR1 UMa-to-UMa) by changing the ISD from 500 m for UMa to 289 m for UMi. The corresponding grid offset for the UMi-to-UMi scenario is 167 m for 100%, 83 m for 50%, 42 m for 25%, and 17 m for 10%, as illustrated in Figure 6.
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Figure 6. Victim and aggressor networks topology in the FR1 UMi-to-UMi scenario for grid shift of (a) 100% (167 m); (b) 50% (83 m); (c) 25% (42 m); and (d) 10% (17 m).
The SINR and throughput degradation results for cases 1 – 4 in the FR1 UMi-to-UMi scenario are summarized in Tables 12 and 13.

Observation 13: When SBFD operation is in UL slots, the average TDD UL throughput (case 2) in the FR1 UMi-to-UMi scenario with 100% grid shift (167 m) degrades by 7% (46 dBm BS TX power) and 2% (38 dBm BS TX power) due to ACI, and the degradation increases to 10~23%, 29~51%, and 64~81% when the grid shift is reduced to 50% (83 m), 25% (42 m), and 10% (17 m).
Observation 14: When SBFD operation is in DL slots, the cell-edge (5th percentile) SBFD UL throughput (case 3) in the FR1 UMi-to-UMi scenario with 100% grid shift (167 m) degrades by 100% (loss UL coverage) due to ACI. The average SBFD UL throughput degrades by 4~12%, and the degradation increases to 11~25%, 17~47%, and 53~74% when the grid shift is reduced to 50% (83 m), 25% (42 m), and 10% (17 m).
Table 12. UL SINR and throughput degradation in the FR1 UMi-to-UMi scenario.

	Grid shift
	BS TX power
	Case 2, TDD UL as victim, SBFD as aggressor
	Case 3, SBFD UL in DL slots as victim

	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	46 dBm
	0.89 
	0.66 
	NaN
	6.86 
	2.53
	1.31
	100.00
	12.23

	50%
	
	3.67 
	2.79 
	NaN
	22.99 
	7.84
	2.85
	100.00
	25.41

	25%
	
	9.81 
	7.92 
	NaN
	51.25 
	17.01
	6.81
	100.00
	46.84

	10%
	
	18.15 
	17.41 
	NaN
	80.52 
	26.29
	15.78
	100.00
	74.04

	100%
	38 dBm
	0.17 
	0.16 
	NaN
	1.78 
	0.64
	0.45
	13.04
	4.30

	50%
	
	1.19 
	1.10 
	NaN
	9.65 
	3.46
	1.08
	100.00
	11.37

	25%
	
	4.20 
	3.90 
	NaN
	29.32 
	9.15
	3.22
	100.00
	27.38

	10%
	
	11.13 
	10.83 
	NaN
	64.21 
	17.47
	8.28
	100.00
	52.77


Observation 15: When SBFD operation is in DL slots, the TDD DL throughput (case 1) in the FR1 UMi-to-UMi scenario has almost no degradation.

Observation 16: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR1 UMi-to-UMi scenario has almost no degradation.

Table 13. DL SINR and throughput degradation in the FR1 UMi-to-UMi scenario.

	Grid shift
	BS TX power
	Case 1, TDD DL as victim, SBFD as aggressor
	Case 4, SBFD DL in UL slots as victim

	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	46 dBm
	-0.02 
	0.00 
	-0.45 
	-0.12 
	0.04
	0.02
	0.68
	0.04

	50%
	
	-0.10 
	-0.11 
	-2.04 
	-0.47 
	0.00
	0.02
	0.03
	0.02

	25%
	
	-0.01 
	-0.04 
	-0.27 
	-0.40 
	0.00
	0.01
	0.04
	0.03

	10%
	
	0.05 
	-0.03 
	0.91 
	-0.23 
	0.03
	0.01
	0.50
	0.04

	100%
	38 dBm
	-0.04 
	0.00 
	-0.84 
	0.01 
	0.02
	0.04
	0.27
	0.14

	50%
	
	-0.06 
	-0.06 
	-1.22 
	-0.35 
	0.01
	0.01
	0.13
	0.08

	25%
	
	0.01 
	-0.04 
	0.24 
	-0.30 
	0.02
	0.02
	0.37
	0.09

	10%
	
	0.05 
	0.01 
	0.90 
	-0.11 
	0.04
	0.03
	0.66
	0.12


6 SBFD/TDD coexistence results for scenario 6 (FR2-1 UMa-to-UMa)

The simulation assumptions in the FR2-1 UMa-to-UMa scenario follow the RAN4 agreement [5]. The assumptions with multiple options are listed in Table 14. The BS-to-BS path uses the UMa path loss and LOS probability models by changing the UT height to 25 m. The UE-to-UE path uses the UMi path loss and LOS probability models by changing the BS height to the randomly assigned UE height. The BS ACS is 24 dBc in FR2-1. The grid-shift definition is similar to scenario 1 (FR1 UMa-to-UMa) by changing the ISD to 200 m in FR2-1. The corresponding grid offset for the FR2-1 UMa-to-UMa scenario is 115 m (100%), 58 m (50%), 29 m (25%), and 12 m (10%).

Table 14. Optional assumptions used in scenario 6.

	Optional parameters
	Options simulated
	The value used in the simulation

	ISD
	1
	200 m

	BS TX power
	2
	Option 1: TDD: 30 dBm, SBFD config 1: 27 dBm, SBFD config 2: 30 dBm

Option 2: TDD: 40 dBm, SBFD config 1: 37 dBm, SBFD config 2: 40 dBm

	BS antenna configuration
	2
	SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,4,16,2) (dH,dV)=(0.5,0.5)λ
SBFD antenna configuration 2: (Mg,Ng,M,N,P)= (1,1,8,16,2) (dH,dV)=(0.5,0.5)λ

	BS-to-BS channel model
	1
	UMa TR 38.828 LOS probability + path loss

	BS ACS
	1
	24 dBc

	Grid shift
	4
	100% (115 m), 50% (58 m), 25% (29 m), and 10% (12 m)


The SINR and throughput degradation results for cases 1 – 4 in the FR2-1 UMa-to-UMa scenario are summarized in Tables 15 and 16.

Observation 17: When SBFD operation is in UL slots, the cell-edge (5th percentile) TDD UL throughput (case 2) in the FR2-1 UMa-to-UMa scenario with 100% grid shift (115 m) degrades by up to 5% due to ACI, and the degradation increases to 1~16%, 3~28%, and 10~57% when the grid shift is reduced to 50% (58 m), 25% (29 m), and 10% (12 m). The average TDD UL throughput with 100% grid shift (115 m) degrades by 0~1%, and the degradation increases to 1~3%, 1~6%, and 2~11% when the grid shift is reduced to 50% (58 m), 25% (29 m), and 10% (12 m).
Observation 18: When SBFD operation is in DL slots, the average SBFD UL throughput degrades by 0~4%, and the degradation increases to up to 8%, 1~13%, and 3~22% when the grid shift is reduced to 50% (58 m), 25% (29 m), and 10% (12 m).
Table 15. UL SINR and throughput degradation in the FR2-1 UMa-to-UMa scenario.

	Grid shift
	BS antenna config
	BS TX power
	Case 2, TDD UL as victim, SBFD as aggressor
	Case 3, SBFD UL in DL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	Option 1:
TDD: 27 dBm
SBFD: 26 dBm
	0.07 
	0.06 
	1.34 
	0.20 
	0.39
	0.22
	8.09
	1.17

	50%
	
	
	0.20 
	0.22 
	4.16 
	0.80 
	0.73
	0.46
	100.00
	2.73

	25%
	
	
	0.42 
	0.52 
	8.30 
	1.77 
	1.48
	0.78
	100.00
	4.70

	10%
	
	
	1.04 
	1.03 
	19.53 
	3.84 
	3.43
	1.59
	100.00
	10.09

	100%
	2
	Option 1:
TDD: 30 dBm
SBFD: 29 dBm
	0.01 
	-0.03 
	0.14 
	-0.01 
	0.01
	0.02
	0.17
	0.13

	50%
	
	
	0.04 
	0.06 
	0.78 
	0.26 
	0.03
	0.04
	0.53
	0.40

	25%
	
	
	0.16 
	0.14 
	3.24 
	0.63 
	0.30
	0.09
	6.13
	1.03

	10%
	
	
	0.51 
	0.56 
	10.20 
	2.02 
	0.78
	0.19
	15.10
	2.54

	100%
	1
	Option 1:
TDD: 37 dBm
SBFD: 36 dBm
	0.25 
	0.30 
	5.11 
	1.17 
	1.00
	0.68
	100.00
	4.03

	50%
	
	
	0.82 
	0.75 
	15.78 
	2.88 
	2.29
	1.35
	100.00
	8.13

	25%
	
	
	1.59 
	1.32 
	28.40 
	5.28 
	4.41
	2.00
	100.00
	12.52

	10%
	
	
	3.91 
	2.48 
	56.58 
	10.61 
	8.94
	3.99
	100.00
	22.32

	100%
	2
	Option 1:
TDD: 40 dBm
SBFD: 39 dBm
	0.08 
	0.09 
	1.55 
	0.40 
	0.09
	0.07
	1.97
	0.75

	50%
	
	
	0.21 
	0.44 
	4.35 
	1.45 
	0.35
	0.15
	7.03
	1.88

	25%
	
	
	0.63 
	0.83 
	12.30 
	2.74 
	0.88
	0.31
	16.93
	3.43

	10%
	
	
	1.83 
	1.68 
	31.93 
	6.45 
	2.51
	0.74
	41.38
	8.07


Observation 19: When SBFD operation is in DL slots, the TDD DL throughput (case 1) in the FR2-1 UMa-to-UMa scenario has no degradation.

Observation 20: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR2-1 UMa-to-UMa scenario has almost no degradation.

Table 16. DL SINR and throughput degradation in the FR2-1 UMa-to-UMa scenario.
	Grid shift
	BS antenna config
	BS TX power
	Case 1, TDD DL as victim, SBFD as aggressor
	Case 4, SBFD DL in UL slots as victim

	
	
	
	SINR degradation (dB)
	Throughput degradation (%)
	SINR degradation (dB)
	Throughput degradation (%)

	
	
	
	@5%tile
	@50%tile
	@5%tile
	Average
	@5%tile
	@50%tile
	@5%tile
	Average

	100%
	1
	Option 1:
TDD: 27 dBm
SBFD: 26 dBm
	-0.16 
	-0.10 
	-1.76 
	-0.23 
	0.00
	0.02
	0.03
	0.11

	50%
	
	
	-0.26 
	-0.13 
	-2.98 
	-0.40 
	0.01
	0.06
	0.21
	0.10

	25%
	
	
	-0.46 
	-0.27 
	-5.40 
	-0.74 
	0.02
	0.02
	0.34
	0.12

	10%
	
	
	-0.39 
	-0.35 
	-4.48 
	-0.83 
	0.02
	0.06
	0.32
	0.13

	100%
	2
	Option 1:
TDD: 30 dBm
SBFD: 29 dBm
	-0.01 
	0.00 
	-0.14 
	-0.04 
	0.00
	0.01
	0.02
	0.05

	50%
	
	
	-0.05 
	-0.03 
	-0.60 
	-0.11 
	0.00
	0.02
	0.00
	0.05

	25%
	
	
	-0.14 
	-0.11 
	-1.57 
	-0.18 
	0.01
	0.02
	0.11
	0.07

	10%
	
	
	-0.09 
	-0.11 
	-1.05 
	-0.20 
	0.05
	0.03
	0.60
	0.08

	100%
	1
	Option 1:
TDD: 37 dBm
SBFD: 36 dBm
	-0.25 
	-0.27 
	-2.31 
	-0.41 
	0.00
	0.01
	0.00
	0.03

	50%
	
	
	-0.43 
	-0.18 
	-4.05 
	-0.71 
	0.00
	0.02
	0.00
	0.04

	25%
	
	
	-0.85 
	-0.49 
	-8.62 
	-1.14 
	0.00
	0.02
	0.01
	0.05

	10%
	
	
	-0.72 
	-0.63 
	-7.15 
	-1.35 
	0.00
	0.03
	0.01
	0.05

	100%
	2
	Option 1:
TDD: 40 dBm
SBFD: 39 dBm
	-0.03 
	-0.08 
	-0.32 
	-0.11 
	0.00
	0.01
	0.01
	0.02

	50%
	
	
	-0.04 
	-0.12 
	-0.43 
	-0.21 
	0.00
	0.01
	0.00
	0.02

	25%
	
	
	-0.11 
	-0.12 
	-1.07 
	-0.30 
	0.01
	0.01
	0.12
	0.03

	10%
	
	
	-0.12 
	-0.16 
	-1.23 
	-0.32 
	0.01
	0.01
	0.12
	0.03


7 Summary

Based on the simulation results for scenarios 1, 2, 4, 5, and 6, the generic observation are summarized below.

· Observation 21: When SBFD operation is in UL slots, the TDD UL throughput (case 2) has significant throughput degradation regardless of cell-edge or average throughput, regardless of the BS antenna configuration, regardless of BS TX power options, and regardless of enhanced noise figure. This throughput degradation is due to the BS-to-BS ACI introduced by SBFD, which increases as grid shift (BS-to-BS distance) decreases except in the UMa-to-UMi scenario. This throughput degradation is stronger in FR1 than FR2-1.

· Proposal 1: To protect the legacy TDD network from the detrimental BS-to-BS ACI introduced by SBFD, SBFD operation should only be considered in the legacy DL slot.
· Observation 22: When SBFD operation is in DL slots, the SBFD UL throughput (case 3) has significant degradation regardless of the BS antenna configuration, regardless of BS TX power options, and regardless of enhanced noise figure. This throughput degradation is due to the BS-to-BS ACI introduced by SBFD, which increases as grid shift (BS-to-BS distance) decreases except in the UMa-to-UMi scenario. This throughput degradation is stronger in FR1 than FR2-1.

· Observation 23: When SBFD operation is in DL slots, the TDD DL throughput (case 1) has no degradation if UE follows a uniform distribution. But when UE follows a clustered distribution (scenario 2), the cell-edge throughput degrades by up to 32% due to UE-to-UE ACI. The average TDD DL throughput degrades by up to 5%.
· Observation 24: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) has almost no degradation if UE follows a uniform distribution. But when UE follows a clustered distribution (scenario 2), the cell-edge SBFD DL throughput degrades by 19~66% due to ACI. The average SBFD DL throughput degrades by 4~10%.

8 Conclusion
Scenario1:

· Observation 1: When SBFD operation is in UL slots, the cell-edge (5th percentile) TDD UL throughput (case 2) in the FR1 UMa-to-UMa scenario degrades by 18~100% for 100% grid shift, and 100% for all other grid shift values due to ACI, which indicates legacy TDD loss UL coverage at the cell edge because of the strong BS-to-BS interference introduced by SBFD. The average TDD UL throughput with 100% grid shift (289 m) degrades by 3~8%, and the degradation increases to 12~20%, 24~35%, 39~52%, and 52~65% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m).
· Observation 2: When SBFD operation is in DL slots, the average SBFD UL throughput (case 3) in the FR1 UMa-to-UMa scenario with 100% grid shift (289 m) degrades by 6~19% due to ACI, and the degradation increases to 16~37%, 30~56%, 47~73%, and 59~83% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m).
· Observation 3: When SBFD operation is in DL slots, the TDD DL throughput (case 1) in the FR1 UMa-to-UMa scenario has no degradation.

· Observation 4: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR1 UMa-to-UMa scenario has almost no degradation.

Scenario 2:

· Observation 5: When SBFD operation is in UL slots, the average TDD UL throughput (case 2) in the FR1 urban hotspot to urban hotspot scenario with 100% grid shift (289 m) degrades by 4~9% due to ACI, and the degradation increases to 10~16%, 26~37%, 42~55%, and 53~67% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m). 
· Observation 6: When SBFD operation is in DL slots, the average SBFD UL throughput (case 3) in the FR1 urban hotspot to urban hotspot scenario with 100% grid shift (289 m) degrades by 6~20% due to ACI, and the degradation increases to 13~30%, 32~60%, 49~77%, and 60~85% when the grid shift is reduced to 50% (144 m), 25% (72 m), 10% (29 m), and 5% (14 m).
· Observation 7: When SBFD operation is in DL slots, the cell-edge (5th percentile) TDD DL throughput (case 1) in the FR1 urban hotspot to urban hotspot scenario degrades by up to 32% due to ACI. The average TDD DL throughput degrades by up to 5%.

· Observation 8: When SBFD operation is in UL slots, the cell-edge (5th percentile) SBFD DL throughput (case 4) in the FR1 urban hotspot to urban hotspot scenario degrades by 19~66% due to ACI. The average SBFD DL throughput degrades by 4~10%.
Scenario 4:

· Observation 9: When SBFD operation is in UL slots, the average TDD UL throughput (case 2) in the FR1 UMa-to-UMi scenario with 100% grid shift (167 m) degrades by 8~18% due to ACI, and the degradation changes to 22~38%, 19~28%, and 5~11% when the grid shift is reduced to 50% (83 m), 25% (42 m), and 10% (17 m).
· Observation 10: When SBFD operation is in DL slots, the average SBFD UL throughput (case 3) in the FR1 urban hotspot to urban hotspot scenario with 100% grid shift (289 m) degrades by 5~12% due to ACI, and the degradation increases to 13~23%, 12~22%, and 6~9% when the grid shift is reduced to 50% (144 m), 25% (72 m), and 10% (29 m).
· Observation 11: When SBFD operation is in DL slots, the legacy TDD DL throughput (case 1) in the FR1 UMa-to-UMi scenario has no degradation.

· Observation 12: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR1 UMa-to-UMi scenario has almost no degradation.

Scenario 5:

· Observation 13: When SBFD operation is in UL slots, the average TDD UL throughput (case 2) in the FR1 UMi-to-UMi scenario with 100% grid shift (167 m) degrades by 7% (46 dBm BS TX power) and 2% (38 dBm BS TX power) due to ACI, and the degradation increases to 10~23%, 29~51%, and 64~81% when the grid shift is reduced to 50% (83 m), 25% (42 m), and 10% (17 m).
· Observation 14: When SBFD operation is in DL slots, the cell-edge (5th percentile) SBFD UL throughput (case 3) in the FR1 UMi-to-UMi scenario with 100% grid shift (167 m) degrades by 100% (loss UL coverage) due to ACI. The average SBFD UL throughput degrades by 4~12%, and the degradation increases to 11~25%, 17~47%, and 53~74% when the grid shift is reduced to 50% (83 m), 25% (42 m), and 10% (17 m).
· Observation 15: When SBFD operation is in DL slots, the TDD DL throughput (case 1) in the FR1 UMi-to-UMi scenario has almost no degradation.

· Observation 16: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR1 UMi-to-UMi scenario has almost no degradation.

Scenario 6:

· Observation 17: When SBFD operation is in UL slots, the cell-edge (5th percentile) TDD UL throughput (case 2) in the FR2-1 UMa-to-UMa scenario with 100% grid shift (115 m) degrades by up to 5% due to ACI, and the degradation increases to 1~16%, 3~28%, and 10~57% when the grid shift is reduced to 50% (58 m), 25% (29 m), and 10% (12 m). The average TDD UL throughput with 100% grid shift (115 m) degrades by 0~1%, and the degradation increases to 1~3%, 1~6%, and 2~11% when the grid shift is reduced to 50% (58 m), 25% (29 m), and 10% (12 m).
· Observation 18: When SBFD operation is in DL slots, the average SBFD UL throughput degrades by 0~4%, and the degradation increases to up to 8%, 1~13%, and 3~22% when the grid shift is reduced to 50% (58 m), 25% (29 m), and 10% (12 m).
· Observation 19: When SBFD operation is in DL slots, the TDD DL throughput (case 1) in the FR2-1 UMa-to-UMa scenario has no degradation.

· Observation 20: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) in the FR2-1 UMa-to-UMa scenario has almost no degradation.

Based on scenarios 1, 2, 4, 5, and 6:
· Observation 21: When SBFD operation is in UL slots, the TDD UL throughput (case 2) has significant throughput degradation regardless of cell-edge or average throughput, regardless of the BS antenna configuration, regardless of BS TX power options, and regardless of enhanced noise figure. This throughput degradation is due to the BS-to-BS ACI introduced by SBFD, which increases as grid shift (BS-to-BS distance) decreases except in the UMa-to-UMi scenario. This throughput degradation is stronger in FR1 than FR2-1.

· Proposal 1: To protect the legacy TDD network from the detrimental BS-to-BS ACI introduced by SBFD, SBFD operation should only be considered in the legacy DL slot.
· Observation 22: When SBFD operation is in DL slots, the SBFD UL throughput (case 3) has significant degradation regardless of the BS antenna configuration, regardless of BS TX power options, and regardless of enhanced noise figure. This throughput degradation is due to the BS-to-BS ACI introduced by SBFD, which increases as grid shift (BS-to-BS distance) decreases except in the UMa-to-UMi scenario. This throughput degradation is stronger in FR1 than FR2-1.
· Observation 23: When SBFD operation is in DL slots, the TDD DL throughput (case 1) has no degradation if UE follows a uniform distribution. But when UE follows a clustered distribution (scenario 2), the cell-edge throughput degrades by up to 32% due to UE-to-UE ACI. The average TDD DL throughput degrades by up to 5%.
· Observation 24: When SBFD operation is in UL slots, the SBFD DL throughput (case 4) has almost no degradation if UE follows a uniform distribution. But when UE follows a clustered distribution (scenario 2), the cell-edge SBFD DL throughput degrades by 19~66% due to ACI. The average SBFD DL throughput degrades by 4~10%.
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