[bookmark: _Ref494746248]3GPP TSG RAN WG1 #113	R1-2304595
Incheon, Korea, May 22nd – May 26th, 2023	

Title: 	SBFD Prototype and Preliminary Simulation Results
Source: 	ZTE
Agenda item:	9.3.1
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref4817]Introduction
In RAN#95 meeting, a revised SID on NR duplex evolution has been endorsed [1]. In this contribution, SBFD prototype info and preliminary simulation results are provided. Compared with RAN1#112bis-e meeting, more simulation results are provided and some simulation results are updated.
[bookmark: _Hlk125797725]SBFD prototype
Two SBFD BS prototypes are researched and verified by ZTE and CMCC collaboratively in CMCC’s 5G-A Innovation Lab.
The 1st SBFD prototype is researched to verify the feasibility and evaluate the actual performance of SBFD operation with test UE (TUE). The subband configuration and other the detailed setting about this SBFD prototype is shown in Table below. The first slot and last slot are DL only slot and UL only slot with 100MHz transmission bandwidth, respectively. The DL subband is set as 10MHz transmission bandwidth and the UL subband is set as 90MHz reception bandwidth. The TUE instead of the commercial UE is used for communication with the SBFD base station prototype. 
	Item
	Setting

	Frequency
	4.9GHz

	BS antenna configuration
	4T4R

	UE antenna configuration
	[bookmark: _Hlk125899780]4T4R

	Power
	4*250mw, 30dBm in total

	SBFD configuration
	DXXXU
non-SBFD slot: 100MHz
DL subband: 10MHz
UL subband: 90MHz
[image: ]

	Antenna isolation
	21.5cm

	Self-interference capability
	more than 130dB



Some experiments were carried out to verify the self-interference suppression capability and receiver sensitivity degradation in the SBFD base station. The self-interference capability is more than 130 dB, which includes 55 dB antenna isolation, 45 dB Adjacent Channel Leakage Ratio (ACLR or ACPR) and more than 30 dB sub-band filtering and digital cancellation. The measurement results of receiver sensitivity degradation are captured in the figure 1 below, compared with the UL receiver without DL interference, the receiver sensitivity in SBFD base station is decreased by 0.8dB, 0.7dB and 1dB for QPSK, 64QAM and 256QAM, respectively.
Observation 1: The 1st SBFD prototype achieves more than 130dB self-interference suppression capability (55 dB antenna isolation, 45 dB ACLR and more than 30 dB sub-band filtering and digital cancellation) and less than 1dB receiver sensitivity degradation at the gNB side. 
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Figure 1: Receiver sensitivity degradation of SBFD gNB
The real-time end-to-end (E2E) round trip latency and the peak data rate obtained from the TUEs using the developed SBFD prototype are verified. The E2E latency is always below 4 ms, with an average value of 3.9 ms. This is mainly achieved by changing the frame structure dynamically for SBFD slots to accommodate the variation of arrival time for each packet. The UL peak data rate is higher than 1.4 Gbps. This is not only due to more UL resources allocated and the advanced interference management, but also some scheduling enhancement by implementation. For instance, the DL sub-band in a SBFD slot can schedule an UL transmission in an UL sub-band in another SBFD slot. Overall, the results of the SBFD prototype not only prove the feasibility of the SBFD for BS but also outline the reliable performance it can offer [2].
The 2nd SBFD prototype is researched to verify the compatibility with legacy commercial UEs and also test the performance. The commercial 5G UEs used in our tests are ZTE Axon 20 and Axon 30 with 2T4R. The same SBFD pattern is applied by configuring flexible TDD slot formats for two commercial UEs, i.e., DXXXU. This requires commercial UEs to support configuring with and transmit/receive in flexible symbols. During the test, the first UE and second UE are configured with 10MHz bandwidth and 90MHz bandwidth, respectively. The commercial UEs can attach to this base station and perform UL transmission successfully. The peak UL data rate is higher than 700Mbps per UE and the achieved E2E latency is around 4ms.

	Prototype
	Figures
	Performance

	The 1st SBFD prototype with TUE (4T4R)
	[image: ][image: ]
	Peak UL data rate: 1.4Gbps
E2E latency: less than 4ms

	The 2nd SBFD prototype with commercial UE (2T4R)
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	Peak UL data rate: 700Mbps
E2E latency: around 4ms



Observation 2: 
· The first prototype verifies the SBFD feasibility and achieves 3.9ms E2E round trip latency on average and up to 1.4Gbps peak UL data rate with 4T4R TUE. 
· The second prototype verifies that legacy commercial UEs supporting flexible symbols are compatible to the SBFD base station. The peak UL data rate is higher than 700Mbps and the E2E round trip latency is around 4ms for commercial UE with 2T4R.

Proposal 1: Capture the SBFD prototype info in section 2 of R1-2304595 into TR38.858.

Preliminary SLS results for SBFD
In this section, the preliminary simulation results and some observations for SBFD based on the simulation results are captured. 
Simulation assumptions
Some key simulation assumptions are listed here and the detailed simulation assumptions can be found in the Appendix.
1. In our simulation, the self-interference suppression capability is determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB. The self-interference suppression capability can be achieved by antenna separation (50-60dB), ACLR (45dB), subband filter (10-20dB) and digital cancellation (10-20dB).
Simulation results: FR1 Indoor office
Packet size 0.5Mbytes/0.125Mbytes
SBFD Alt.2 subband pattern
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	
	DL Average-UPT CDF (Mbps)
	Mean
	459.83
	349.44
	-24.01%
	410.65
	301.54
	-26.57%
	368.92
	252.89
	-31.45%

	
	
	5%
	166.69
	123.72
	-25.78%
	127.78
	89.82
	-29.71%
	64.03
	10.82
	-83.10%

	
	
	50%
	563.97
	420.84
	-25.38%
	487.60
	349.48
	-28.33%
	421.94
	269.54
	-36.12%

	
	
	95%
	641.83
	488.23
	-23.93%
	615.00
	471.62
	-23.31%
	584.82
	434.57
	-25.69%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	381.36
	284.68
	-25.35%
	188.61
	140.54
	-25.49%
	131.60
	65.10
	-50.53%

	
	
	5%
	114.93
	84.18
	-26.76%
	30.99
	19.40
	-37.40%
	9.78
	4.16
	-57.46%

	
	
	50%
	344.09
	254.84
	-25.94%
	126.63
	77.54
	-38.77%
	112.28
	34.41
	-69.35%

	
	
	95%
	630.99
	485.90
	-22.99%
	219.39
	171.65
	-21.76%
	323.23
	134.70
	-58.33%

	
	DL Median-UPT CDF (Mbps)
	Mean
	440.27
	338.48
	-23.12%
	411.85
	303.61
	-26.28%
	365.12
	248.38
	-31.97%

	
	
	5%
	126.91
	100.31
	-20.96%
	101.22
	60.95
	-39.78%
	36.81
	6.13
	-83.35%

	
	
	50%
	572.89
	448.90
	-21.64%
	429.94
	307.27
	-28.53%
	365.42
	244.27
	-33.15%

	
	
	95%
	641.83
	490.15
	-23.63%
	627.45
	483.80
	-22.89%
	613.70
	475.58
	-22.51%

	
	UL Average-UPT CDF (Mbps)
	Mean
	143.85
	191.48
	33.11%
	130.01
	182.97
	40.74%
	114.77
	170.18
	48.28%

	
	
	5%
	98.69
	104.51
	5.90%
	100.14
	120.81
	20.64%
	51.43
	91.93
	78.75%

	
	
	50%
	148.95
	155.66
	4.50%
	132.75
	144.84
	9.11%
	119.33
	139.83
	17.18%

	
	
	95%
	161.37
	283.36
	75.60%
	148.74
	273.71
	84.02%
	143.81
	263.58
	83.28%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	110.66
	149.41
	35.02%
	50.49
	91.60
	81.42%
	37.22
	67.21
	80.57%

	
	
	5%
	37.23
	33.51
	-9.99%
	15.71
	29.03
	84.79%
	3.56
	13.53
	280.06%

	
	
	50%
	126.98
	133.65
	5.25%
	53.28
	77.46
	45.38%
	31.34
	57.55
	83.63%

	
	
	95%
	145.45
	258.06
	77.42%
	82.96
	160.46
	93.42%
	78.76
	138.96
	76.43%

	
	UL Median-UPT CDF (Mbps)
	Mean
	136.16
	183.36
	34.67%
	132.83
	187.91
	41.47%
	116.87
	177.47
	51.85%

	
	
	5%
	35.87
	30.42
	-15.19%
	91.35
	126.98
	39.00%
	34.98
	78.98
	125.79%

	
	
	50%
	142.49
	151.76
	6.51%
	136.92
	145.45
	6.23%
	131.76
	140.35
	6.52%

	
	
	95%
	159.54
	278.61
	74.63%
	150.13
	278.61
	85.58%
	144.70
	270.53
	86.96%

	
	DL Packet-Latency CDF (ms)
	Mean
	12.08
	16.06
	32.95%
	16.32
	25.5
	56.25%
	32.67
	55.27
	69.18%

	
	
	5%
	6.02
	8.02
	33.22%
	6.02
	8.04
	33.55%
	6.05
	8.09
	33.72%

	
	
	50%
	6.88
	8.91
	29.51%
	10.27
	15.02
	46.25%
	12.41
	17.48
	40.85%

	
	
	95%
	27.84
	38.88
	39.66%
	45.13
	75.23
	66.70%
	112.05
	205.23
	83.16%

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	 

	
	
	5%
	
	
	
	
	
	
	
	
	 

	
	
	50%
	
	
	
	
	
	 
	
	
	 

	
	
	95%
	
	
	
	
	
	 
	
	
	 

	
	UL Packet-Latency CDF (ms)
	Mean
	9.44
	7.93
	-16.00%
	9.82
	6.75
	-31.26%
	18.85
	8.63
	-54.22%

	
	
	5%
	5.59
	3.27
	-41.50%
	5.63
	3.38
	-39.96%
	5.63
	3.41
	-39.43%

	
	
	50%
	6.77
	5.95
	-12.11%
	7.20
	6.23
	-13.47%
	7.63
	6.55
	-14.15%

	
	
	95%
	11.88
	10.80
	-9.09%
	19.80
	12.70
	-35.86%
	49.09
	21.48
	-56.24%

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	 
	
	
	 

	
	
	5%
	
	
	
	
	
	 
	
	
	 

	
	
	50%
	
	
	
	
	
	 
	
	
	 

	
	
	95%
	
	
	
	
	
	 
	
	
	 

	
	Type-1 RU (%)
	DL
	6.01%
	5.79%
	-3.66%
	20.51%
	19.96%
	-2.68%
	33.82%
	31.73%
	-6.18%

	
	
	UL
	2.39%
	2.45%
	2.51%
	6.23%
	6.07%
	-2.57%
	10.32%
	10.41%
	0.87%

	
	Type-2 RU (%)
	DL
	7.52%
	9.53%
	26.73%
	25.63%
	32.87%
	28.25%
	42.27%
	52.25%
	23.61%

	
	
	UL
	11.93%
	6.81%
	-42.92%
	31.16%
	16.82%
	-46.02%
	51.61%
	28.87%
	-44.06%

	
	Unfinished/dropped Packet Rate (%)
	DL
	0.45%
	0.45%
	
	0.41%
	0.34%
	
	0.81%
	5.72%
	

	
	
	UL
	0.11%
	0.66%
	
	0.26%
	0.20%
	
	0.56%
	0.16%
	

	
	Additional comments: e.g.,
· 



Compared with the baseline TDD pattern, the UL resource of the SBFD subband pattern Alt.2 has been increased by around 80% and the DL resource has been decreased by around 20%. Overall, we have the following observation. 
Observation 3: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is decreased by around 24% - 31% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. The loss of DL average UPT (5%) SBFD is much higher than that of DL average UPT (mean) since UE with poor coverage (e.g., cell edge UE) experiences more serious UE-UE CLI.
· The DL Packet-Latency (mean) of SBFD is increased by around 32%-69% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the larger DL Packet-Latency (mean) of SBFD due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 33% - 48% due to the increased UL resource. The gain of UL average UPT (mean) of SBFD is increased as the increase of traffic load because the UL average UPT (mean) of baseline TDD is decreased as the increase of traffic load due to the limited UL resource in the baseline TDD. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 16% - 54% due to the increased UL resource. The gain of UL Packet-Latency (mean) of SBFD is increased as the increase of traffic load because the UL Packet-Latency (mean) of baseline TDD is increased as the increase of traffic load due to the limited UL resource in the baseline TDD. 

SBFD Alt.4 subband pattern

	Tdoc/Source
	Reported Parameters
	SBFD Alt 4: {DDDSU} vs. {XXXXX}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	
	DL Average-UPT CDF (Mbps)
	Mean
	459.83
	438.63
	-4.61%
	410.65
	386.33
	-5.92%
	368.92
	328.67
	-10.91%

	
	
	5%
	166.69
	168.74
	1.23%
	127.78
	123.01
	-3.73%
	64.03
	34.89
	-45.51%

	
	
	50%
	563.97
	527.81
	-6.41%
	487.6
	452.32
	-7.24%
	421.94
	379.14
	-10.14%

	
	
	95%
	641.83
	608.52
	-5.19%
	615
	577.61
	-6.08%
	584.82
	531.36
	-9.14%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	381.36
	360.34
	-5.51%
	188.61
	190.00
	0.74%
	131.60
	93.18
	-29.19%

	
	
	5%
	114.93
	107.95
	-6.07%
	30.99
	29.61
	-4.45%
	9.78
	5.32
	-45.60%

	
	
	50%
	344.09
	319.54
	-7.13%
	126.63
	143.31
	13.17%
	112.28
	79.18
	-29.48%

	
	
	95%
	630.99
	600.54
	-4.83%
	219.39
	212.73
	-3.04%
	323.23
	229.74
	-28.92%

	
	DL Median-UPT CDF (Mbps)
	Mean
	440.27
	429.14
	-2.53%
	411.85
	389.78
	-5.36%
	365.12
	324.1
	-11.23%

	
	
	5%
	126.91
	124.93
	-1.56%
	101.22
	96.51
	-4.65%
	36.81
	10.44
	-71.64%

	
	
	50%
	572.89
	578.81
	1.03%
	429.94
	418.69
	-2.62%
	365.42
	320.46
	-12.30%

	
	
	95%
	641.83
	607.05
	-5.42%
	627.45
	597.33
	-4.80%
	613.7
	587.93
	-4.20%

	
	UL Average-UPT CDF (Mbps)
	Mean
	143.85
	163.28
	13.51%
	130.01
	149.45
	14.95%
	114.77
	125.33
	9.20%

	
	
	5%
	98.69
	94.75
	-3.99%
	100.14
	114.6
	14.44%
	51.43
	44.52
	-13.44%

	
	
	50%
	148.95
	173.63
	16.57%
	132.75
	152.41
	14.81%
	119.33
	133.03
	11.48%

	
	
	95%
	161.37
	178.27
	10.47%
	148.74
	171.33
	15.19%
	143.81
	163.08
	13.40%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	110.66
	130.21
	17.67%
	50.49
	52.01
	3.01%
	37.22
	31.25
	-16.04%

	
	
	5%
	21.23
	18.15
	-14.51%
	15.71
	11.18
	-28.84%
	3.56
	1.34
	-62.36%

	
	
	50%
	126.98
	169.18
	33.23%
	53.28
	47.10
	-11.60%
	31.34
	27.46
	-12.38%

	
	
	95%
	145.45
	173.37
	19.20%
	82.96
	95.73
	15.39%
	78.76
	67.07
	-14.84%

	
	UL Median-UPT CDF (Mbps)
	Mean
	136.16
	161.97
	18.96%
	132.83
	164.4
	23.77%
	116.87
	135.43
	15.88%

	
	
	5%
	35.87
	36.87
	2.79%
	91.35
	106.67
	16.77%
	34.98
	8.52
	-75.64%

	
	
	50%
	142.49
	173.37
	21.67%
	136.92
	172.31
	25.85%
	131.76
	169.18
	28.40%

	
	
	95%
	159.54
	177.78
	11.43%
	150.13
	175.55
	16.93%
	144.7
	174.45
	20.56%

	
	DL Packet-Latency CDF (ms)
	Mean
	12.08
	12.63
	4.55%
	16.32
	17.69
	8.39%
	32.67
	50.38
	54.21%

	
	
	5%
	6.02
	6.48
	7.64%
	6.02
	6.48
	7.64%
	6.05
	6.52
	7.77%

	
	
	50%
	6.88
	6.91
	0.44%
	10.27
	11.52
	12.17%
	12.41
	13.63
	9.83%

	
	
	95%
	27.84
	30.16
	8.33%
	45.13
	48.63
	7.76%
	112.05
	228.84
	104.23%

	
	DL UE- Average-Latency CDF (ms)
	Mean
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	
	5%
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	
	50%
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	
	95%
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	UL Packet-Latency CDF (ms)
	Mean
	9.44
	7.85
	-16.84%
	9.82
	8.73
	-11.10%
	18.85
	27.05
	43.50%

	
	
	5%
	5.59
	5.45
	-2.50%
	5.63
	5.48
	-2.66%
	5.63
	5.48
	-2.66%

	
	
	50%
	6.77
	5.73
	-15.36%
	7.2
	5.8
	-19.44%
	7.63
	5.91
	-22.54%

	
	
	95%
	11.88
	14.41
	21.30%
	19.8
	20.66
	4.34%
	49.09
	121.34
	147.18%

	
	UL UE- Average-Latency CDF (ms)
	Mean
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	
	5%
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	
	50%
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	
	95%
	　
	　
	 
	　
	　
	 
	　
	　
	 

	
	Type-1 RU (%)
	DL
	6.01%
	5.76%
	-4.16%
	20.51%
	19.65%
	-4.19%
	33.82%
	32.14%
	-4.97%

	
	
	UL
	2.39%
	2.23%
	-6.69%
	6.23%
	6.01%
	-3.53%
	10.32%
	10.42%
	0.97%

	
	Type-2 RU (%)
	DL
	7.52%
	7.59%
	0.93%
	25.63%
	25.88%
	0.98%
	42.27%
	42.33%
	0.14%

	
	
	UL
	11.93%
	11.09%
	-7.04%
	31.16%
	29.96%
	-3.85%
	51.61%
	51.90%
	0.56%

	
	Unfinished/dropped Packet Rate (%)
	DL
	0.45%
	0.45%
	
	0.41%
	0.34%
	
	0.81%
	1.71%
	

	
	
	UL
	0.11%
	0.33%
	
	0.26%
	0.13%
	
	0.56%
	0.78%
	

	
	Additional comments: e.g.,
· 



For SBFD subband pattern Alt.4, its UL resource ratio and DL resource ratio are almost the same as baseline TDD. Overall, we have the following observation.
Observation 4: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.4 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is decreased by around 4% - 10% due to the UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. The loss of DL average UPT (5%) SBFD is much higher than that of DL average UPT (mean) since UE with poor coverage (e.g., cell edge UE) experiences more serious UE-UE CLI.
· The DL Packet-Latency (mean) of SBFD is increased by around 4%-8% in case of low and medium traffic load due to UE-UE CLI. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 54% due to the much more serious UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 9% - 15% due to more transmission occasions in time domain. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 11% - 17% in case of low and medium traffic load. In case of high traffic load, the UL Packet-Latency (mean) of SBFD is increased by around 45% due to the much more serious gNB CLI.
Packet size 5Kbytes/1Kbytes
SBFD Alt.2 subband pattern

	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	
	DL Average-UPT CDF (Mbps)
	Mean
	43.62
	43.9
	0.64%
	42.87
	43.02
	0.35%
	40.8
	39.88
	-2.25%

	
	
	5%
	42.29
	42.43
	0.33%
	40.54
	40.36
	-0.44%
	36.72
	28.02
	-23.69%

	
	
	50%
	43.75
	44.04
	0.66%
	43.05
	43.33
	0.65%
	41.36
	41.55
	0.46%

	
	
	95%
	44.83
	45.01
	0.40%
	43.96
	44.18
	0.50%
	42.34
	42.65
	0.73%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	21.95
	22.92
	4.42%
	21.2
	21.91
	3.35%
	19.38
	18.3
	-5.57%

	
	
	5%
	12.53
	12.36
	-1.36%
	11.56
	11.41
	-1.30%
	9.48
	5.26
	-44.51%

	
	
	50%
	22.68
	23.89
	5.34%
	22.12
	23.27
	5.20%
	21.59
	21.08
	-2.36%

	
	
	95%
	23.27
	24.55
	5.50%
	22.68
	23.89
	5.34%
	22.12
	22.68
	2.53%

	
	DL Median-UPT CDF (Mbps)
	Mean
	42.18
	42.01
	-0.40%
	41.5
	41.33
	-0.41%
	39.4
	38.1
	-3.30%

	
	
	5%
	41.67
	39.82
	-4.44%
	39.82
	39.82
	0.00%
	36.57
	24.55
	-32.87%

	
	
	50%
	41.67
	41.67
	0.00%
	41.67
	41.67
	0.00%
	39.82
	39.82
	0.00%

	
	
	95%
	43.71
	43.71
	0.00%
	41.67
	41.67
	0.00%
	41.67
	41.67
	0.00%

	
	UL Average-UPT CDF (Mbps)
	Mean
	5.76
	8.25
	43.23%
	5.36
	7.88
	47.01%
	4.8
	7.31
	52.29%

	
	
	5%
	5.38
	5.4
	0.37%
	5.08
	5.1
	0.39%
	4.5
	4.57
	1.56%

	
	
	50%
	5.75
	6.03
	4.87%
	5.35
	5.52
	3.18%
	4.78
	5.03
	5.23%

	
	
	95%
	6.16
	12.26
	99.03%
	5.64
	11.87
	110.46%
	5.1
	11.17
	119.02%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	2.36
	4.44
	88.14%
	1.83
	3.67
	100.55%
	1.44
	3.01
	109.03%

	
	
	5%
	1.99
	2.03
	2.01%
	1.64
	1.68
	2.44%
	1.29
	1.31
	1.55%

	
	
	50%
	2.32
	2.56
	10.34%
	1.83
	1.94
	6.01%
	1.43
	1.54
	7.69%

	
	
	95%
	2.75
	8.45
	207.27%
	2.01
	6.69
	232.84%
	1.62
	5.82
	259.26%

	
	UL Median-UPT CDF (Mbps)
	Mean
	4.42
	7.24
	63.80%
	4.07
	6.92
	70.02%
	3.62
	6.45
	78.18%

	
	
	5%
	4.11
	4.49
	9.25%
	3.83
	3.9
	1.83%
	3.42
	3.47
	1.46%

	
	
	50%
	4.35
	4.62
	6.21%
	4.04
	4.19
	3.71%
	3.58
	3.76
	5.03%

	
	
	95%
	4.82
	12.11
	151.24%
	4.35
	11.49
	164.14%
	3.83
	10.93
	185.38%

	
	DL Packet-Latency CDF (ms)
	Mean
	0.84
	0.82
	-2.38%
	0.86
	0.85
	-1.16%
	0.93
	1.07
	15.05%

	
	
	5%
	0.45
	0.45
	0.00%
	0.45
	0.48
	6.67%
	0.48
	0.48
	0.00%

	
	
	50%
	0.77
	0.77
	0.00%
	0.77
	0.77
	0.00%
	0.8
	0.84
	5.00%

	
	
	95%
	1.41
	1.38
	-2.13%
	1.45
	1.41
	-2.76%
	1.66
	2.16
	30.12%

	
	DL UE- Average-Latency CDF (ms)
	Mean
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	5%
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	50%
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	95%
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	UL Packet-Latency CDF (ms)
	Mean
	1.86
	1.4
	-24.73%
	2.09
	1.56
	-25.36%
	2.48
	1.81
	-27.02%

	
	
	5%
	0.59
	0.48
	-18.64%
	0.59
	0.48
	-18.64%
	0.63
	0.48
	-23.81%

	
	
	50%
	1.8
	1.02
	-43.33%
	1.98
	1.13
	-42.93%
	2.2
	1.27
	-42.27%

	
	
	95%
	3.34
	2.91
	-12.87%
	4.34
	3.77
	-13.13%
	5.55
	4.77
	-14.05%

	
	UL UE- Average-Latency CDF (ms)
	Mean
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	5%
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	50%
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	95%
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	Type-1 RU (%)
	DL
	8.21%
	8.04%
	-2.07%
	14.33%
	14.01%
	-2.23%
	26.48%
	25.82%
	-2.49%

	
	
	UL
	1.56%
	1.53%
	-1.92%
	3.03%
	3.01%
	-0.66%
	4.77%
	4.76%
	-0.21%

	
	Type-2 RU (%)
	DL
	10.27%
	13.24%
	28.92%
	17.92%
	23.06%
	28.68%
	33.10%
	42.51%
	28.43%

	
	
	UL
	7.78%
	4.25%
	-45.37%
	15.13%
	8.34%
	-44.88%
	23.87%
	13.20%
	-44.70%

	
	Unfinished/dropped Packet Rate (%)
	DL
	0.02%
	0.01%
	
	0.02%
	0.02%
	
	0.02%
	0.03%
	

	
	
	UL
	0.00%
	0.00%
	
	0.01%
	0.01%
	
	0.02%
	0.02%
	

	
	Additional comments: e.g.,
· 



Compared with the baseline TDD pattern, the UL resource of the SBFD subband pattern Alt.2 has been increased by around 80% and the DL resource has been decreased by around 20%. Overall, we have the following observation. 
Observation 5: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.2 subband pattern, Packet size 5Kbytes/1Kbytes
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low and medium traffic load. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 15% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 43% - 52% due to the increased UL resource. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 24% - 27% due to the increased UL resource. 

[bookmark: _Hlk132182047]SBFD Alt.4 subband pattern

	Reported Parameters
	SBFD Alt 4: {DDDSU} vs. {XXXXX}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	43.62
	48.52
	11.23%
	42.87
	47.95
	11.85%
	40.80
	46.11
	13.01%

	
	5%
	42.29
	47.40
	12.08%
	40.54
	45.98
	13.42%
	36.72
	40.74
	10.95%

	
	50%
	43.75
	48.58
	11.04%
	43.05
	48.14
	11.82%
	41.36
	46.81
	13.18%

	
	95%
	44.83
	49.37
	10.13%
	43.96
	48.75
	10.90%
	42.34
	47.68
	12.61%

	DL Tail-UPT CDF (Mbps)
	Mean
	21.95
	34.15
	55.58%
	21.20
	32.52
	53.40%
	19.38
	26.55
	37.00%

	
	5%
	12.53
	29.38
	134.48%
	11.56
	20.13
	74.13%
	9.48
	12.03
	26.90%

	
	50%
	22.68
	35.14
	54.94%
	22.12
	33.81
	52.85%
	21.59
	28.44
	31.73%

	
	95%
	23.27
	35.14
	51.01%
	22.68
	35.14
	54.94%
	22.12
	31.44
	42.13%

	DL Median-UPT CDF (Mbps)
	Mean
	42.18
	46.16
	9.44%
	41.50
	45.74
	10.22%
	39.40
	44.11
	11.95%

	
	5%
	41.67
	45.95
	10.27%
	39.82
	43.71
	9.77%
	36.57
	39.82
	8.89%

	
	50%
	41.67
	45.95
	10.27%
	41.67
	45.95
	10.27%
	39.82
	43.71
	9.77%

	
	95%
	43.71
	48.43
	10.80%
	41.67
	45.95
	10.27%
	41.67
	45.95
	10.27%

	UL Average-UPT CDF (Mbps)
	Mean
	5.76
	11.97
	107.81%
	5.36
	11.66
	117.54%
	4.80
	10.98
	128.75%

	
	5%
	5.38
	11.63
	116.17%
	5.08
	11.33
	123.03%
	4.50
	10.49
	133.11%

	
	50%
	5.75
	11.96
	108.00%
	5.35
	11.67
	118.13%
	4.78
	11.01
	130.33%

	
	95%
	6.16
	12.33
	100.16%
	5.64
	11.92
	111.35%
	5.10
	11.30
	121.57%

	UL Tail-UPT CDF (Mbps)
	Mean
	2.36
	7.59
	221.61%
	1.83
	6.35
	246.99%
	1.44
	5.10
	254.17%

	
	5%
	1.99
	6.31
	217.09%
	1.64
	5.82
	254.88%
	1.29
	3.53
	173.64%

	
	50%
	2.32
	7.59
	227.16%
	1.83
	6.31
	244.81%
	1.43
	5.27
	268.53%

	
	95%
	2.75
	8.78
	219.27%
	2.01
	6.89
	242.79%
	1.62
	5.67
	250.00%

	UL Median-UPT CDF (Mbps)
	Mean
	4.42
	11.47
	159.50%
	4.07
	11.20
	175.18%
	3.62
	10.64
	193.92%

	
	5%
	4.11
	10.93
	165.94%
	3.83
	10.93
	185.38%
	3.42
	10.42
	204.68%

	
	50%
	4.35
	11.49
	164.14%
	4.04
	10.93
	170.54%
	3.58
	10.42
	191.06%

	
	95%
	4.82
	12.11
	151.24%
	4.35
	11.49
	164.14%
	3.83
	10.93
	185.38%

	DL Packet-Latency CDF (ms)
	Mean
	0.84
	0.70
	-16.67%
	0.86
	0.72
	-16.28%
	0.93
	0.77
	-17.20%

	
	5%
	0.45
	0.45
	0.00%
	0.45
	0.45
	0.00%
	0.48
	0.56
	16.67%

	
	50%
	0.77
	0.70
	-9.09%
	0.77
	0.67
	-12.99%
	0.80
	0.73
	-8.75%

	
	95%
	1.41
	0.91
	-35.46%
	1.45
	0.95
	-34.48%
	1.66
	1.23
	-25.90%

	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	1.86
	0.72
	-61.29%
	2.09
	0.75
	-64.11%
	2.48
	0.84
	-66.13%

	
	5%
	0.59
	0.45
	-23.73%
	0.59
	0.45
	-23.73%
	0.63
	0.45
	-28.57%

	
	50%
	1.80
	0.70
	-61.11%
	1.98
	0.70
	-64.65%
	2.20
	0.77
	-65.00%

	
	95%
	3.34
	1.05
	-68.56%
	4.34
	1.23
	-71.66%
	5.55
	1.59
	-71.35%

	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	Type-1 RU (%)
	DL
	8.21%
	8.02%
	-2.31%
	14.33%
	13.98%
	-2.44%
	26.48%
	25.75%
	-2.76%

	
	UL
	1.56%
	1.45%
	-7.05%
	3.03%
	2.88%
	-4.95%
	4.77%
	4.61%
	-3.35%

	Type-2 RU (%)
	DL
	10.27%
	10.57%
	2.92%
	17.92%
	18.42%
	2.79%
	33.10%
	33.92%
	2.48%

	
	UL
	7.78%
	7.22%
	-7.20%
	15.13%
	14.37%
	-5.02%
	23.87%
	22.96%
	-3.81%

	Unfinished/dropped Packet Rate (%)
	DL
	0.02%
	0.01%
	-50.00%
	0.02%
	0.01%
	-50.00%
	0.02%
	0.01%
	-50.00%

	
	UL
	0.00%
	0.00%
	0.00%
	0.01%
	0.01%
	0.00%
	0.02%
	0.01%
	-50.00%



Observation 6: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.4 subband pattern, Packet size 5Kbytes/1Kbytes
· The DL average UPT (mean) of SBFD is increased by around 11% - 13% due to increased transmission occasion in the last slot of each TDD period.  
· The DL Packet-Latency (mean) of SBFD is decreased by around 16%-17% due to increased transmission occasion in the last slot of each TDD period.  
· The UL average UPT (mean) of SBFD is increased by around 107% - 129% due to increased transmission occasion in the first four slots of each TDD period.
· The UL Packet-Latency (mean) of SBFD is decreased by around 61% - 66% due to increased transmission occasion in the first four slots of each TDD period.

Summary
If we compare the performance results between larger packet size (0.5Mbytes/0.125Mbytes) and smaller packet size (5Kbytes/1Kbytes) we can draw the following observation.
Observation 7: Regarding SBFD deployment case1, FR1 Indoor office,
· In case of larger packet size, obvious DL UPT loss is observed due to the reduced DL resource; in case of smaller packet size, small or no DL UPT loss is observed.
· The UL UPT gain in case of smaller packet size is larger than that of larger packet size.

Simulation results: FR1 Urban Macro
Packet size 0.5Mbytes/0.125Mbytes
SBFD Alt.2 subband pattern
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	429.54
	347.96
	-18.99%
	340.83
	253.45
	-25.64%
	293.54
	207.75
	-29.23%

	
	5%
	115.54
	74.20
	-35.78%
	68.67
	38.55
	-43.86%
	36.69
	16.63
	-54.67%

	
	50%
	581.82
	461.86
	-20.62%
	350.18
	248.53
	-29.03%
	263.26
	200.61
	-23.80%

	
	95%
	660.77
	537.17
	-18.71%
	631.09
	518.76
	-17.80%
	621.83
	460.78
	-25.90%

	DL Tail-UPT CDF (Mbps)
	Mean
	364.89
	302.37
	-17.13%
	258.75
	186.57
	-27.90%
	173.24
	114.69
	-33.80%

	
	5%
	71.77
	54.83
	-23.60%
	39.85
	20.45
	-48.68%
	15.29
	0.94
	-93.85%

	
	50%
	330.87
	311.54
	-5.84%
	213.54
	144.24
	-32.45%
	123.69
	72.10
	-41.71%

	
	95%
	626.89
	532.07
	-15.13%
	603.77
	507.94
	-15.87%
	465.70
	347.29
	-25.43%

	DL Median-UPT CDF (Mbps)
	Mean
	420.18
	354.80
	-15.56%
	300.93
	220.65
	-26.68%
	227.56
	189.25
	-16.84%

	
	5%
	72.00
	56.52
	-21.50%
	52.72
	26.95
	-48.88%
	28.49
	8.49
	-70.20%

	
	50%
	578.81
	481.72
	-16.77%
	257.18
	192.61
	-25.11%
	192.61
	167.79
	-12.89%

	
	95%
	638.18
	527.06
	-17.41%
	623.96
	514.94
	-17.47%
	524.59
	479.66
	-8.56%

	UL Average-UPT CDF (Mbps)
	Mean
	85.03
	138.67
	63.08%
	81.71
	130.74
	60.00%
	81.34
	116.74
	43.52%

	
	5%
	9.81
	11.84
	20.69%
	8.40
	8.55
	1.79%
	3.07
	3.23
	5.21%

	
	50%
	84.77
	121.48
	43.31%
	81.33
	112.23
	37.99%
	81.17
	96.21
	18.53%

	
	95%
	162.03
	287.52
	77.45%
	157.25
	284.39
	80.85%
	159.54
	272.69
	70.92%

	UL Tail-UPT CDF (Mbps)
	Mean
	73.75
	126.05
	70.92%
	50.10
	104.78
	109.14%
	34.24
	73.13
	113.58%

	
	5%
	9.65
	10.32
	6.94%
	6.78
	8.25
	21.68%
	0.75
	2.00
	166.67%

	
	50%
	65.65
	107.07
	63.09%
	45.79
	81.28
	77.51%
	21.60
	42.14
	95.09%

	
	95%
	158.64
	278.61
	75.62%
	140.35
	262.91
	87.32%
	101.27
	244.54
	141.47%

	UL Median-UPT CDF (Mbps)
	Mean
	78.59
	131.83
	67.74%
	80.45
	132.73
	64.98%
	62.87
	120.58
	91.79%

	
	5%
	14.30
	11.56
	-19.16%
	9.16
	11.27
	23.03%
	3.71
	4.40
	18.60%

	
	50%
	78.98
	117.40
	48.65%
	81.51
	118.90
	45.87%
	57.20
	101.63
	77.67%

	
	95%
	150.94
	273.17
	80.98%
	147.76
	275.86
	86.69%
	141.06
	270.53
	91.78%

	DL Packet-Latency CDF (ms)
	Mean
	15.52
	20.03
	29.06%
	23.46
	39.08
	66.58%
	31.34
	76.90
	145.37%

	
	5%
	5.98
	7.45
	24.58%
	6.05
	7.48
	23.64%
	6.16
	7.63
	23.86%

	
	50%
	6.84
	8.30
	21.35%
	12.41
	17.73
	42.87%
	15.05
	21.98
	46.05%

	
	95%
	33.55
	47.95
	42.92%
	71.20
	136.02
	91.04%
	104.55
	344.05
	229.08%

	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	22.14
	19.50
	-11.92%
	23.30
	18.85
	-19.10%
	20.99
	20.24
	-3.57%

	
	5%
	5.91
	3.41
	-42.30%
	5.80
	3.41
	-41.21%
	6.13
	3.45
	-43.72%

	
	50%
	11.91
	7.95
	-33.25%
	11.73
	7.73
	-34.10%
	13.34
	8.52
	-36.13%

	
	95%
	66.23
	70.91
	7.07%
	74.52
	73.02
	-2.01%
	54.95
	50.16
	-8.72%

	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	Type-1 RU (%)
	DL
	2.37%
	2.29%
	-3.38%
	21.84%
	23.31%
	6.73%
	40.08%
	43.50%
	8.53%

	
	UL
	3.69%
	3.74%
	1.36%
	6.89%
	6.74%
	-2.18%
	10.06%
	14.02%
	39.36%

	Type-2 RU (%)
	DL
	2.96%
	3.80%
	28.38%
	27.30%
	38.67%
	41.65%
	50.10%
	72.16%
	44.03%

	
	UL
	18.44%
	10.41%
	-43.55%
	34.43%
	18.74%
	-45.57%
	50.29%
	39.00%
	-22.45%

	Unfinished/dropped Packet Rate (%)
	DL
	0.95%
	0.95%
	
	0.56%
	1.17%
	
	5.92%
	4.82%
	

	
	UL
	24.47%
	25.67%
	
	28.06%
	29.18%
	
	32.25%
	29.37%
	



Compared with the baseline TDD pattern, the UL resource of the SBFD subband pattern Alt.2 has been increased by around 80% and the DL resource has been decreased by around 20%. Overall, we have the following observation. 
Observation 8: Regarding SBFD deployment case1, FR1 Urban Macro, SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is decreased by around 19% - 29% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. The loss of DL average UPT (5%) SBFD is much higher than that of DL average UPT (mean) since UE with poor coverage (e.g., cell edge UE) experiences more serious UE-UE CLI.
· The DL Packet-Latency (mean) of SBFD is increased by around 29%-145% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the larger DL Packet-Latency (mean) of SBFD due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 43% - 63% due to the increased UL resource. The gain is smaller in case of high traffic load due to the gNB CLI.
· The UL Packet-Latency (mean) of SBFD is decreased by around 3% - 19% due to the increased UL resource. The gain is smaller in case of high traffic load due to the gNB CLI.

Packet size 5Kbytes/1Kbytes
SBFD Alt.2 subband pattern
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	44.50
	44.69
	0.43%
	44.20
	43.76
	-1.00%
	43.74
	42.42
	-3.02%

	
	5%
	41.79
	41.65
	-0.34%
	42.16
	40.36
	-4.27%
	41.82
	35.09
	-16.09%

	
	50%
	44.46
	44.79
	0.74%
	44.28
	44.19
	-0.20%
	43.86
	42.62
	-2.83%

	
	95%
	47.08
	47.26
	0.38%
	46.19
	46.11
	-0.17%
	45.28
	44.45
	-1.83%

	DL Tail-UPT CDF (Mbps)
	Mean
	22.56
	23.12
	2.48%
	22.53
	21.96
	-2.53%
	22.13
	19.98
	-9.72%

	
	5%
	21.59
	16.14
	-25.24%
	21.59
	10.36
	-52.01%
	18.86
	5.48
	-70.94%

	
	50%
	22.68
	23.89
	5.34%
	22.68
	23.27
	2.60%
	22.68
	22.27
	-1.81%

	
	95%
	25.24
	25.97
	2.89%
	24.55
	25.24
	2.81%
	23.89
	23.55
	-1.42%

	DL Median-UPT CDF (Mbps)
	Mean
	42.78
	42.71
	-0.16%
	42.66
	42.10
	-1.31%
	42.21
	40.80
	-3.34%

	
	5%
	39.82
	39.82
	0.00%
	39.82
	39.82
	0.00%
	39.82
	35.14
	-11.75%

	
	50%
	43.71
	43.71
	0.00%
	43.71
	41.67
	-4.67%
	41.67
	41.67
	0.00%

	
	95%
	45.95
	45.95
	0.00%
	45.95
	45.95
	0.00%
	43.71
	43.71
	0.00%

	UL Average-UPT CDF (Mbps)
	Mean
	5.63
	8.08
	43.52%
	5.34
	7.86
	47.19%
	4.40
	7.50
	70.45%

	
	5%
	2.33
	2.32
	-0.43%
	1.69
	1.64
	-2.96%
	0.46
	0.70
	52.17%

	
	50%
	5.84
	6.16
	5.48%
	5.64
	5.84
	3.55%
	5.09
	5.45
	7.07%

	
	95%
	6.44
	12.49
	93.94%
	6.02
	12.35
	105.15%
	5.57
	12.07
	116.70%

	UL Tail-UPT CDF (Mbps)
	Mean
	2.48
	4.87
	96.37%
	2.02
	4.50
	122.77%
	1.21
	3.77
	211.57%

	
	5%
	0.92
	1.07
	16.30%
	0.38
	0.45
	18.42%
	0
	0.03
	

	
	50%
	2.75
	2.78
	1.09%
	2.14
	2.37
	10.75%
	1.62
	1.89
	16.67%

	
	95%
	2.82
	8.78
	211.35%
	2.53
	8.78
	247.04%
	1.96
	8.45
	331.12%

	UL Median-UPT CDF (Mbps)
	Mean
	4.33
	7.11
	64.20%
	4.08
	6.89
	68.87%
	3.23
	6.60
	104.33%

	
	5%
	1.76
	1.78
	1.14%
	1.34
	1.19
	-11.19%
	0.02
	0.35
	1650.00%

	
	50%
	4.44
	4.72
	6.31%
	4.27
	4.53
	6.09%
	3.83
	4.11
	7.31%

	
	95%
	5.03
	12.11
	140.76%
	4.62
	12.11
	162.12%
	4.27
	11.49
	169.09%

	DL Packet-Latency CDF (ms)
	Mean
	0.81
	0.81
	0.00%
	0.82
	1.76
	114.63%
	0.83
	2.33
	180.72%

	
	5%
	0.45
	0.45
	0.00%
	0.45
	0.45
	0.00%
	0.45
	0.45
	0.00%

	
	50%
	0.73
	0.73
	0.00%
	0.73
	0.77
	5.48%
	0.77
	0.77
	0.00%

	
	95%
	1.38
	1.34
	-2.90%
	1.41
	1.38
	-2.13%
	1.43
	1.70
	18.88%

	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	2.07
	1.58
	-23.67%
	5.04
	4.63
	-8.13%
	21.08
	8.08
	-61.67%

	
	5%
	0.55
	0.48
	-12.73%
	0.59
	0.48
	-18.64%
	0.63
	0.48
	-23.81%

	
	50%
	1.80
	0.95
	-47.22%
	1.91
	1.05
	-45.03%
	2.27
	1.16
	-48.90%

	
	95%
	3.98
	3.59
	-9.80%
	4.95
	4.52
	-8.69%
	66.84
	5.52
	-91.74%

	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	Type-1 RU (%)
	DL
	3.19%
	3.26%
	2.19%
	12.98%
	13.11%
	1.00%
	18.08%
	20.55%
	13.66%

	
	UL
	7.06%
	7.34%
	3.97%
	9.97%
	12.51%
	25.48%
	16.41%
	17.57%
	7.07%

	Type-2 RU (%)
	DL
	3.98%
	5.41%
	35.93%
	16.27%
	21.76%
	33.74%
	22.60%
	34.10%
	50.88%

	
	UL
	35.3%
	20.42%
	-42.15%
	49.84%
	34.79%
	-30.20%
	82.03%
	48.88%
	-40.41%

	Unfinished/dropped Packet Rate (%)
	DL
	0.21%
	0.52%
	
	0.39%
	1.12%
	
	0.57%
	1.81%
	

	
	UL
	1.87%
	2.09%
	
	1.66%
	1.77%
	
	3.90%
	2.32%
	



Observation 9: Regarding SBFD deployment case1, FR1 Urban Macro, SBFD Alt.2 subband pattern, Packet size 5Kbytes/1Kbytes
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low load. In case of medium and high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 114%-180% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 43% - 70% due to the increased UL resource. The gain of UL average UPT (mean) of SBFD is increased as the increase of traffic load because the UL average UPT (mean) of baseline TDD is decreased as the increase of traffic load due to the limited UL resource in the baseline TDD. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 8% - 62% due to the increased UL resource. 


Simulation results: FR1 Dense Urban Macro Layer
Packet size 0.5Mbytes/0.125Mbytes
SBFD Alt.2 subband pattern
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	530.09
	432.84
	-18.35%
	429.76
	335.56
	-21.92%
	338.13
	242.22
	-28.36%

	
	5%
	210.28
	160.58
	-23.64%
	141.40
	95.66
	-32.35%
	78.02
	38.17
	-51.08%

	
	50%
	583.23
	477.75
	-18.09%
	463.38
	351.22
	-24.20%
	356.59
	242.89
	-31.89%

	
	95%
	656.98
	540.70
	-17.70%
	605.58
	521.67
	-13.86%
	576.78
	471.73
	-18.21%

	DL Tail-UPT CDF (Mbps)
	Mean
	456.92
	368.85
	-19.27%
	230.18
	167.88
	-27.07%
	136.38
	92.01
	-32.53%

	
	5%
	172.97
	120.89
	-30.11%
	64.10
	42.79
	-33.24%
	17.03
	8.10
	-52.44%

	
	50%
	507.94
	388.21
	-23.57%
	199.82
	137.00
	-31.44%
	110.84
	61.52
	-44.50%

	
	95%
	649.28
	522.07
	-19.59%
	501.12
	393.67
	-21.44%
	347.29
	270.21
	-22.19%

	DL Median-UPT CDF (Mbps)
	Mean
	493.16
	398.04
	-19.29%
	407.71
	279.56
	-31.43%
	318.47
	224.94
	-29.37%

	
	5%
	176.52
	132.62
	-24.87%
	114.46
	73.42
	-35.86%
	54.02
	22.72
	-57.94%

	
	50%
	581.82
	471.58
	-18.95%
	418.69
	260.77
	-37.72%
	313.29
	200.18
	-36.10%

	
	95%
	645.53
	527.06
	-18.35%
	620.50
	512.58
	-17.39%
	603.77
	498.89
	-17.37%

	UL Average-UPT CDF (Mbps)
	Mean
	117.37
	145.51
	23.98%
	109.04
	140.83
	29.15%
	104.20
	133.90
	28.50%

	
	5%
	36.01
	36.25
	0.67%
	27.09
	29.76
	9.86%
	20.94
	22.36
	6.78%

	
	50%
	137.51
	143.22
	4.15%
	130.59
	137.59
	5.36%
	123.94
	135.17
	9.06%

	
	95%
	168.17
	290.02
	72.46%
	156.09
	284.91
	82.53%
	153.50
	274.39
	78.76%

	UL Tail-UPT CDF (Mbps)
	Mean
	103.98
	131.47
	26.44%
	71.60
	99.24
	38.60%
	54.57
	79.19
	45.12%

	
	5%
	24.51
	27.46
	12.04%
	9.82
	11.85
	20.67%
	6.35
	7.10
	11.81%

	
	50%
	126.41
	128.74
	1.84%
	73.78
	83.21
	12.78%
	49.17
	67.07
	36.40%

	
	95%
	165.19
	273.17
	65.37%
	136.92
	258.06
	88.48%
	129.93
	238.30
	83.41%

	UL Median-UPT CDF (Mbps)
	Mean
	106.65
	132.80
	24.52%
	105.24
	128.62
	22.22%
	102.60
	133.86
	30.47%

	
	5%
	24.99
	27.01
	8.08%
	20.34
	22.39
	10.08%
	16.83
	19.29
	14.62%

	
	50%
	127.56
	129.93
	1.86%
	129.93
	132.33
	1.85%
	128.15
	134.29
	4.79%

	
	95%
	158.64
	275.86
	73.89%
	154.27
	273.17
	77.07%
	154.27
	275.86
	78.82%

	DL Packet-Latency CDF (ms)
	Mean
	8.85
	11.19
	26.44%
	13.30
	18.16
	36.54%
	24.23
	45.51
	87.83%

	
	5%
	5.98
	7.16
	19.73%
	6.01
	7.34
	22.13%
	6.13
	7.59
	23.82%

	
	50%
	6.66
	7.88
	18.32%
	8.98
	11.77
	31.07%
	12.63
	18.95
	50.04%

	
	95%
	17.91
	23.63
	31.94%
	35.13
	50.59
	44.01%
	81.38
	176.77
	117.22%

	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	12.33
	11.48
	-6.89%
	16.03
	14.22
	-11.29%
	18.90
	16.19
	-14.34%

	
	5%
	5.63
	3.56
	-36.77%
	5.66
	3.45
	-39.05%
	5.66
	3.48
	-38.52%

	
	50%
	7.52
	7.20
	-4.26%
	7.84
	7.38
	-5.87%
	8.30
	7.55
	-9.04%

	
	95%
	31.41
	30.59
	-2.61%
	48.45
	41.91
	-13.50%
	67.27
	59.16
	-12.06%

	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	Type-1 RU (%)
	DL
	7.24%
	6.96%
	-3.87%
	26.20%
	24.82%
	-5.27%
	51.10%
	48.35%
	-5.38%

	
	UL
	2.21%
	2.29%
	3.62%
	6.95%
	6.62%
	-4.75%
	9.64%
	9.54%
	-1.04%

	Type-2 RU (%)
	DL
	9.05%
	11.54%
	27.51%
	32.75%
	41.17%
	25.71%
	63.88%
	80.19%
	25.53%

	
	UL
	11.03%
	6.36%
	-42.34%
	34.76%
	18.41%
	-47.04%
	48.19%
	26.54%
	-44.93%

	Unfinished/dropped Packet Rate (%)
	DL
	0.64%
	1.04%
	
	2.01%
	3.03%
	
	4.83%
	6.37%
	

	
	UL
	1.95%
	1.20%
	
	4.77%
	1.73%
	
	4.51%
	2.86%
	



Compared with the baseline TDD pattern, the UL resource of the SBFD subband pattern Alt.2 has been increased by around 80% and the DL resource has been decreased by around 20%. Overall, we have the following observation. 
Observation 10: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes, 
· The DL average UPT (mean) of SBFD is decreased by around 18% - 28% due to the decreased DL resource and UE-UE CLI. 
· The DL Packet-Latency (mean) of SBFD is increased by around 26%-88% due to the decreased DL resource and UE-UE CLI. 
· The UL average UPT (mean) of SBFD is increased by around 23%-28% due to the increased UL resource. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 6% - 14% due to the increased UL resource. 

SBFD Alt.4 subband pattern
	Reported Parameters
	SBFD Alt 4: {DDDSU} vs. {XXXXX} 
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	530.09
	536.36
	1.18%
	429.76
	422.95
	-1.58%
	338.13
	329.33
	-2.60%

	
	5%
	210.28
	208.81
	-0.70%
	141.40
	137.31
	-2.89%
	78.02
	77.02
	-1.28%

	
	50%
	583.23
	592.24
	1.54%
	463.38
	449.96
	-2.90%
	356.59
	344.77
	-3.31%

	
	95%
	656.98
	658.97
	0.30%
	605.58
	647.45
	6.91%
	576.78
	578.91
	0.37%

	DL Tail-UPT CDF (Mbps)
	Mean
	456.92
	464.29
	1.61%
	230.18
	218.94
	-4.88%
	136.38
	131.20
	-3.80%

	
	5%
	172.97
	161.27
	-6.76%
	64.10
	57.57
	-10.19%
	17.03
	16.27
	-4.46%

	
	50%
	507.94
	498.89
	-1.78%
	199.82
	192.61
	-3.61%
	110.84
	97.60
	-11.95%

	
	95%
	649.28
	653.06
	0.58%
	501.12
	485.90
	-3.04%
	347.29
	340.94
	-1.83%

	DL Median-UPT CDF (Mbps)
	Mean
	493.16
	503.47
	2.09%
	407.71
	363.05
	-10.95%
	318.47
	307.19
	-3.54%

	
	5%
	176.52
	169.31
	-4.08%
	114.46
	98.12
	-14.28%
	54.02
	53.65
	-0.68%

	
	50%
	581.82
	594.16
	2.12%
	418.69
	346.21
	-17.31%
	313.29
	289.03
	-7.74%

	
	95%
	645.53
	653.06
	1.17%
	620.50
	638.18
	2.85%
	603.77
	627.45
	3.92%

	UL Average-UPT CDF (Mbps)
	Mean
	117.37
	141.48
	20.54%
	109.04
	132.51
	21.52%
	104.20
	122.25
	17.32%

	
	5%
	36.01
	44.20
	22.74%
	27.09
	35.48
	30.97%
	20.94
	26.38
	25.98%

	
	50%
	137.51
	172.74
	25.62%
	130.59
	157.07
	20.28%
	123.94
	145.13
	17.10%

	
	95%
	168.17
	177.78
	5.71%
	156.09
	180.66
	15.74%
	153.50
	175.42
	14.28%

	UL Tail-UPT CDF (Mbps)
	Mean
	103.98
	130.31
	25.32%
	71.60
	89.82
	25.45%
	54.57
	61.00
	11.78%

	
	5%
	24.51
	27.39
	11.75%
	9.82
	12.70
	29.33%
	6.35
	6.07
	-4.41%

	
	50%
	126.41
	169.18
	33.83%
	73.78
	91.65
	24.22%
	49.17
	53.79
	9.40%

	
	95%
	165.19
	180.06
	9.00%
	136.92
	171.25
	25.07%
	129.93
	169.18
	30.21%

	UL Median-UPT CDF (Mbps)
	Mean
	106.65
	134.90
	26.49%
	105.24
	121.01
	14.98%
	102.60
	126.19
	22.99%

	
	5%
	24.99
	39.46
	57.90%
	20.34
	25.35
	24.63%
	16.83
	17.38
	3.27%

	
	50%
	127.56
	170.21
	33.44%
	129.93
	143.22
	10.23%
	128.15
	169.18
	32.02%

	
	95%
	158.64
	177.78
	12.07%
	154.27
	177.78
	15.24%
	154.27
	176.66
	14.51%

	DL Packet-Latency CDF (ms)
	Mean
	8.85
	8.86
	0.11%
	13.30
	13.81
	3.83%
	24.23
	26.80
	10.61%

	
	5%
	5.98
	5.98
	0.00%
	6.01
	6.02
	0.17%
	6.13
	6.13
	0.00%

	
	50%
	6.66
	6.38
	-4.20%
	8.98
	8.91
	-0.78%
	12.63
	13.16
	4.20%

	
	95%
	17.91
	18.41
	2.79%
	35.13
	37.09
	5.58%
	81.38
	90.55
	11.27%

	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	12.33
	9.98
	-19.06%
	16.03
	12.13
	-24.33%
	18.90
	17.75
	-6.08%

	
	5%
	5.63
	5.48
	-2.66%
	5.66
	5.48
	-3.18%
	5.66
	5.48
	-3.18%

	
	50%
	7.52
	5.80
	-22.87%
	7.84
	5.88
	-25.00%
	8.30
	6.16
	-25.78%

	
	95%
	31.41
	24.95
	-20.57%
	48.45
	35.52
	-26.69%
	67.27
	66.98
	-0.43%

	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	Type-1 RU (%)
	DL
	7.24%
	6.97%
	-3.73%
	26.20%
	25.23%
	-3.70%
	51.10%
	49.76%
	-2.62%

	
	UL
	2.21%
	1.98%
	-10.41%
	6.95%
	5.83%
	-16.12%
	9.64%
	8.49%
	-11.93%

	Type-2 RU (%)
	DL
	9.05%
	9.25%
	2.21%
	32.75%
	33.47%
	2.20%
	63.88%
	66.02%
	3.35%

	
	UL
	11.03%
	9.94%
	-9.88%
	34.76%
	29.28%
	-15.77%
	48.19%
	42.61%
	-11.58%

	Unfinished/dropped Packet Rate (%)
	DL
	0.64%
	0.64%
	
	2.01%
	3.03%
	
	4.83%
	5.35%
	

	
	UL
	1.95%
	1.93%
	
	4.77%
	1.42%
	
	4.51%
	2.16%
	



For SBFD subband pattern Alt.4, its UL resource ratio and DL resource ratio are almost the same as baseline TDD. Overall, we have the following observation.
Observation 11: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.4 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is almost the same as legacy TDD. 
· The DL Packet-Latency (mean) of SBFD is almost the same as legacy TDD.
· The UL average UPT (mean) of SBFD is increased by around 17% - 20% due to more transmission occasions in time domain. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 19% - 24% in case of low and medium traffic load due to more transmission occasions in time domain. In case of high traffic load, the UL Packet-Latency (mean) of SBFD is decreased by around 6%.

Packet size 5Kbytes/1Kbytes
SBFD Alt.2 subband pattern
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU}
(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	42.80
	43.21
	0.96%
	41.98
	42.03
	0.12%
	40.56
	39.07
	-3.67%

	
	5%
	38.62
	38.15
	-1.22%
	37.34
	36.90
	-1.18%
	35.58
	27.62
	-22.37%

	
	50%
	43.32
	43.69
	0.85%
	42.86
	42.94
	0.19%
	41.57
	40.67
	-2.17%

	
	95%
	45.57
	46.20
	1.38%
	44.65
	45.07
	0.94%
	43.63
	44.25
	1.42%

	DL Tail-UPT CDF (Mbps)
	Mean
	18.10
	18.85
	4.14%
	17.14
	17.52
	2.22%
	15.84
	15.37
	-2.97%

	
	5%
	8.04
	8.57
	6.59%
	7.96
	8.49
	6.66%
	8.04
	5.88
	-26.87%

	
	50%
	22.23
	23.27
	4.68%
	22.12
	22.68
	2.53%
	18.47
	12.36
	-33.08%

	
	95%
	23.89
	25.24
	5.65%
	23.27
	24.55
	5.50%
	22.68
	23.89
	5.34%

	DL Median-UPT CDF (Mbps)
	Mean
	41.85
	41.89
	0.10%
	41.25
	40.99
	-0.63%
	39.88
	37.76
	-5.32%

	
	5%
	39.82
	38.13
	-4.24%
	38.13
	38.13
	0.00%
	36.57
	23.27
	-36.37%

	
	50%
	41.67
	41.67
	0.00%
	41.67
	41.67
	0.00%
	39.82
	39.82
	0.00%

	
	95%
	43.71
	43.71
	0.00%
	43.71
	43.71
	0.00%
	41.67
	41.67
	0.00%

	UL Average-UPT CDF (Mbps)
	Mean
	6.00
	7.37
	22.83%
	5.76
	7.13
	23.78%
	5.31
	6.73
	26.74%

	
	5%
	5.40
	5.26
	-2.59%
	5.37
	5.31
	-1.12%
	4.96
	4.98
	0.40%

	
	50%
	5.98
	6.17
	3.18%
	5.76
	5.86
	1.74%
	5.32
	5.42
	1.88%

	
	95%
	6.64
	12.58
	89.46%
	6.16
	12.08
	96.10%
	5.65
	11.80
	108.85%

	UL Tail-UPT CDF (Mbps)
	Mean
	2.70
	3.76
	39.26%
	2.37
	3.50
	47.68%
	1.78
	2.80
	57.30%

	
	5%
	2.16
	1.91
	-11.57%
	1.99
	1.97
	-1.01%
	1.46
	1.55
	6.16%

	
	50%
	2.78
	2.78
	0.00%
	2.37
	2.48
	4.64%
	1.80
	1.87
	3.89%

	
	95%
	2.89
	8.78
	203.81%
	2.75
	7.86
	185.82%
	2.03
	6.69
	229.56%

	UL Median-UPT CDF (Mbps)
	Mean
	4.60
	6.12
	33.04%
	4.42
	5.96
	34.84%
	4.04
	5.62
	39.11%

	
	5%
	3.96
	3.96
	0.00%
	4.11
	4.04
	-1.70%
	3.76
	3.76
	0.00%

	
	50%
	4.53
	4.72
	4.19%
	4.44
	4.53
	2.03%
	4.04
	4.11
	1.73%

	
	95%
	5.40
	12.11
	124.26%
	4.82
	11.49
	138.38%
	4.27
	11.49
	169.09%

	DL Packet-Latency CDF (ms)
	Mean
	0.92
	0.90
	-2.17%
	0.97
	0.96
	-1.03%
	1.02
	1.14
	11.76%

	
	5%
	0.45
	0.45
	0.00%
	0.45
	0.45
	0.00%
	0.48
	0.48
	0.00%

	
	50%
	0.77
	0.77
	0.00%
	0.77
	0.77
	0.00%
	0.80
	0.84
	5.00%

	
	95%
	1.48
	1.48
	0.00%
	2.55
	2.66
	4.31%
	2.80
	3.16
	12.86%

	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	1.75
	1.51
	-13.71%
	1.85
	1.59
	-14.05%
	2.13
	1.81
	-15.02%

	
	5%
	0.55
	0.48
	-12.73%
	0.59
	0.52
	-11.86%
	0.59
	0.52
	-11.86%

	
	50%
	1.73
	1.38
	-20.23%
	1.80
	1.41
	-21.67%
	1.98
	1.59
	-19.70%

	
	95%
	2.88
	2.84
	-1.39%
	3.30
	3.02
	-8.48%
	4.48
	4.13
	-7.81%

	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	Type-1 RU (%)
	DL
	6.91%
	6.83%
	-1.16%
	14.39%
	14.66%
	1.88%
	29.35%
	31.51%
	7.36%

	
	UL
	2.32%
	2.31%
	-0.43%
	5.82%
	5.80%
	-0.34%
	11.56%
	11.58%
	0.17%

	Type-2 RU (%)
	DL
	8.64%
	11.32%
	31.02%
	17.99%
	24.31%
	35.13%
	36.68%
	52.27%
	42.50%

	
	UL
	11.59%
	6.44%
	-44.43%
	29.08%
	16.13%
	-44.53%
	57.81%
	32.21%
	-44.28%

	Unfinished/dropped Packet Rate (%)
	DL
	0.30%
	0.24%
	
	0.66%
	0.70%
	
	0.98%
	1.29%
	

	
	UL
	0.01%
	0.01%
	
	0.01%
	0.01%
	
	0.01%
	0.02%
	



Observation 12: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.2 subband pattern, Packet size 5Kbytes/1Kbytes, 
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low and medium load. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 12% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 22% - 27% due to the increased UL resource. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 13% - 15% due to the increased UL resource. 

SBFD Alt.4 subband pattern
	Reported Parameters
	SBFD Alt 4: {DDDSU} vs. {XXXXX}

(UL/DL resource percentage in a TDD period = {XX%, YY%} for TDD, {ZZ%, MM%} for SBFD)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	42.80
	43.16
	0.84%
	41.98
	42.00
	0.05%
	40.56
	39.18
	-3.40%

	
	5%
	38.74
	38.53
	-0.54%
	37.34
	36.85
	-1.31%
	35.58
	28.54
	-19.79%

	
	50%
	43.37
	43.49
	0.28%
	42.86
	42.86
	0.00%
	41.57
	40.71
	-2.07%

	
	95%
	45.66
	46.04
	0.83%
	44.65
	45.18
	1.19%
	43.63
	44.44
	1.86%

	DL Tail-UPT CDF (Mbps)
	Mean
	18.17
	18.86
	3.80%
	17.14
	17.43
	1.69%
	15.84
	15.40
	-2.78%

	
	5%
	8.04
	8.66
	7.71%
	7.96
	8.33
	4.65%
	8.04
	5.84
	-27.36%

	
	50%
	22.32
	23.27
	4.26%
	22.12
	22.12
	0.00%
	18.47
	12.53
	-32.16%

	
	95%
	23.89
	25.24
	5.65%
	23.27
	24.55
	5.50%
	22.68
	23.89
	5.34%

	DL Median-UPT CDF (Mbps)
	Mean
	41.85
	41.90
	0.12%
	41.25
	40.99
	-0.63%
	39.88
	37.87
	-5.04%

	
	5%
	39.82
	38.13
	-4.24%
	38.13
	38.13
	0.00%
	36.57
	23.89
	-34.67%

	
	50%
	41.67
	41.67
	0.00%
	41.67
	41.67
	0.00%
	39.82
	39.82
	0.00%

	
	95%
	43.71
	43.71
	0.00%
	43.71
	43.71
	0.00%
	41.67
	41.67
	0.00%

	UL Average-UPT CDF (Mbps)
	Mean
	6.00
	7.37
	22.83%
	5.76
	7.12
	23.61%
	5.31
	6.73
	26.74%

	
	5%
	5.45
	5.38
	-1.28%
	5.37
	5.29
	-1.49%
	4.96
	4.93
	-0.60%

	
	50%
	6.01
	6.17
	2.66%
	5.76
	5.88
	2.08%
	5.32
	5.43
	2.07%

	
	95%
	6.64
	12.42
	87.05%
	6.16
	12.11
	96.59%
	5.65
	11.83
	109.38%

	UL Tail-UPT CDF (Mbps)
	Mean
	2.75
	3.88
	41.09%
	2.37
	3.49
	47.26%
	1.78
	2.79
	56.74%

	
	5%
	2.42
	2.12
	-12.40%
	1.99
	1.92
	-3.52%
	1.46
	1.46
	0.00%

	
	50%
	2.78
	2.78
	0.00%
	2.37
	2.45
	3.38%
	1.80
	1.87
	3.89%

	
	95%
	2.89
	8.78
	203.81%
	2.75
	8.15
	196.36%
	2.03
	6.69
	229.56%

	UL Median-UPT CDF (Mbps)
	Mean
	4.62
	6.12
	32.47%
	4.42
	5.96
	34.84%
	4.04
	5.63
	39.36%

	
	5%
	4.11
	4.04
	-1.70%
	4.11
	4.04
	-1.70%
	3.76
	3.76
	0.00%

	
	50%
	5.62
	5.71
	1.60%
	4.44
	5.53
	24.55%
	4.04
	4.11
	1.73%

	
	95%
	5.47
	12.11
	121.39%
	4.82
	11.49
	138.38%
	4.27
	11.49
	169.09%

	DL Packet-Latency CDF (ms)
	Mean
	0.92
	0.90
	-2.17%
	0.97
	0.96
	-1.03%
	1.02
	1.13
	10.78%

	
	5%
	0.45
	0.45
	0.00%
	0.45
	0.45
	0.00%
	0.48
	0.48
	0.00%

	
	50%
	0.77
	0.77
	0.00%
	0.77
	0.77
	0.00%
	0.80
	0.84
	5.00%

	
	95%
	1.48
	1.45
	-2.03%
	2.55
	2.66
	4.31%
	2.80
	3.13
	11.79%

	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	1.74
	1.51
	-13.22%
	1.85
	1.60
	-13.51%
	2.13
	1.81
	-15.02%

	
	5%
	0.55
	0.48
	-12.73%
	0.59
	0.52
	-11.86%
	0.59
	0.82
	38.98%

	
	50%
	1.73
	1.38
	-20.23%
	1.80
	1.41
	-21.67%
	1.98
	1.59
	-19.70%

	
	95%
	2.88
	2.84
	-1.39%
	3.30
	3.02
	-8.48%
	4.48
	4.13
	-7.81%

	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	
	95%
	
	
	
	
	
	
	
	
	

	Type-1 RU (%)
	DL
	6.91%
	6.84%
	-1.01%
	14.39%
	14.60%
	1.46%
	29.35%
	30.77%
	4.84%

	
	UL
	2.32%
	2.32%
	0.00%
	5.82%
	5.81%
	-0.17%
	11.56%
	11.57%
	0.09%

	Type-2 RU (%)
	DL
	8.64%
	11.34%
	31.25%
	17.99%
	24.21%
	34.57%
	36.68%
	51.04%
	39.15%

	
	UL
	11.60%
	6.47%
	-44.22%
	29.08%
	16.17%
	-44.39%
	57.81%
	32.20%
	-44.30%

	Unfinished/dropped Packet Rate (%)
	DL
	0.29%
	0.25%
	
	0.66%
	0.70%
	
	0.98%
	1.39%
	

	
	UL
	0.01%
	0.02%
	
	0.01%
	0.02%
	
	0.01%
	0.04%
	



Observation 13: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.4 subband pattern, Packet size 5Kbytes/1Kbytes, 
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low and medium load. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 11% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 22% - 27% due to the more transmission occasions in time domain. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 13% - 15% due to the more transmission occasions in time domain. 
· 

Simulation results: FR1 Dense Urban (2 layers)
Packet size 0.5Mbytes/0.125Mbytes
SBFD Alt.2 subband pattern

	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt2, 49dBm gNB Tx power, Twice area&same TxRUs, DL: 4Kbytes, UL: 1Kbyte, UE clustering,…)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)
	TDD
	SBFD
	Gain (%)

	DL Average-UPT (Mbps)
	MacroUE Mean
	562.11
	391.26
	-30.39%
	510.78
	345.86
	-32.29%
	417.21
	254.78
	-38.93%

	
	MacroUE 5%
	475.66
	292.07
	-38.60%
	339.47
	212.42
	-37.43%
	194.02
	84.44
	-56.48%

	
	MacroUE 50%
	574.38
	399.19
	-30.50%
	528.71
	356.24
	-32.62%
	435.01
	262.53
	-39.65%

	
	MacroUE 95%
	629.32
	455.02
	-27.70%
	603.99
	434.34
	-28.09%
	567.30
	397.77
	-29.88%

	
	LPNUE Mean
	554.47
	388.87
	-29.87%
	486.67
	336.66
	-30.82%
	381.81
	238.04
	-37.65%

	
	LPNUE 5%
	434.90
	288.77
	-33.60%
	278.84
	194.66
	-30.19%
	122.91
	58.90
	-52.08%

	
	LPNUE 50%
	563.12
	400.09
	-28.95%
	503.61
	346.93
	-31.11%
	400.18
	249.89
	-37.56%

	
	LPNUE 95%
	626.72
	451.38
	-27.98%
	599.36
	434.98
	-27.43%
	564.56
	385.85
	-31.65%

	UL Average-UPT (Mbps)
	MacroUE Mean
	140.35
	154.98
	10.42%
	134.56
	149.01
	10.74%
	122.43
	135.81
	10.93%

	
	MacroUE 5%
	99.35
	117.32
	18.09%
	105.39
	110.91
	5.24%
	88.03
	93.61
	6.34%

	
	MacroUE 50%
	145.44
	147.20
	1.21%
	137.58
	144.19
	4.80%
	125.63
	130.89
	4.19%

	
	MacroUE 95%
	155.96
	296.12
	89.87%
	151.39
	282.15
	86.37%
	142.74
	261.74
	83.37%

	
	LPNUE Mean
	143.97
	164.91
	14.54%
	139.26
	157.71
	13.25%
	129.99
	147.44
	13.42%

	
	LPNUE 5%
	107.09
	132.38
	23.62%
	113.34
	125.24
	10.50%
	102.73
	106.04
	3.22%

	
	LPNUE 50%
	146.87
	150.20
	2.27%
	141.66
	144.77
	2.20%
	131.14
	136.62
	4.18%

	
	LPNUE 95%
	158.11
	311.23
	96.84%
	155.05
	290.64
	87.45%
	148.82
	271.29
	82.29%

	DL Packet-Latency CDF (ms)
	MacroUE Mean
	9.00
	13.38
	48.67%
	11.69
	19.62
	67.84%
	18.89
	42.81
	126.63%

	
	MacroUE 5%
	5.98
	8.52
	42.47%
	6.02
	8.59
	42.69%
	6.13
	8.80
	43.56%

	
	MacroUE 50%
	6.73
	9.38
	39.38%
	7.84
	13.09
	66.96%
	12.48
	21.84
	75.00%

	
	MacroUE 95%
	18.84
	25.63
	36.04%
	27.84
	44.30
	59.12%
	53.66
	147.55
	174.97%

	
	LPNUE Mean
	9.95
	15.62
	56.98%
	13.44
	20.63
	53.50%
	23.07
	44.41
	92.50%

	
	LPNUE 5%
	5.98
	8.52
	42.47%
	6.05
	8.63
	42.64%
	6.20
	8.91
	43.71%

	
	LPNUE 50%
	6.88
	10.09
	46.66%
	9.45
	14.84
	57.04%
	14.45
	24.02
	66.23%

	
	LPNUE 95%
	22.09
	29.84
	35.08%
	32.88
	51.45
	56.48%
	66.20
	143.48
	116.74%

	UL Packet-Latency CDF (ms)
	MacroUE Mean
	16.93
	9.62
	-43.18%
	13.62
	11.23
	-17.55%
	11.68
	9.80
	-16.10%

	
	MacroUE 5%
	5.59
	3.30
	-40.97%
	5.59
	3.34
	-40.25%
	5.63
	3.38
	-39.96%

	
	MacroUE 50%
	6.95
	6.77
	-2.59%
	7.09
	6.91
	-2.54%
	7.48
	7.27
	-2.81%

	
	MacroUE 95%
	12.91
	11.91
	-7.75%
	17.77
	14.20
	-20.09%
	26.45
	22.70
	-14.18%

	
	LPNUE Mean
	14.67
	9.98
	-31.97%
	11.46
	8.26
	-27.92%
	9.77
	8.37
	-14.33%

	
	LPNUE 5%
	5.55
	3.16
	-43.06%
	5.59
	3.20
	-42.75%
	5.63
	3.27
	-41.92%

	
	LPNUE 50%
	6.77
	6.55
	-3.25%
	6.95
	6.73
	-3.17%
	7.23
	7.02
	-2.90%

	
	LPNUE 95%
	12.02
	10.48
	-12.81%
	14.52
	12.45
	-14.26%
	19.63
	16.38
	-16.56%

	DL RU (%)
	Macro Type-1
	9.10%
	8.58%
	-5.71%
	17.08%
	16.55%
	-3.10%
	31.06%
	31.08%
	0.06%

	
	LPN Type-1
	7.56%
	7.09%
	-6.22%
	14.49%
	13.78%
	-4.90%
	28.45%
	27.74%
	-2.50%

	
	Macro
Type-2
	11.38%
	14.19%
	24.69%
	21.35%
	27.35%
	28.10%
	38.82%
	51.36%
	32.30%

	
	LPN
Type-2
	9.45%
	11.71%
	23.92%
	18.11%
	22.77%
	25.73%
	35.56%
	45.84%
	28.91%

	UL RU (%)
	Macro Type-1
	3.70%
	2.38%
	-35.68%
	5.20%
	4.20%
	-19.23%
	7.84%
	7.42%
	-5.36%

	
	LPN Type-1
	18.50%
	1.59%
	-91.41%
	3.50%
	3.09%
	-11.71%
	5.74%
	5.58%
	-2.79%

	
	Macro
Type-2
	2.22%
	6.60%
	197.30%
	26.02%
	11.67%
	-55.15%
	39.18%
	20.62%
	-47.37%

	
	LPN
Type-2
	11.10%
	4.42%
	-60.18%
	17.49%
	8.57%
	-51.00%
	28.69%
	15.49%
	-46.01%

	Unfinished/dropped Packet Rate (%)
	DL
	0.16%
	0.55%
	
	0.22%
	1.21%
	
	0.66%
	3.24%
	

	
	UL
	0.93%
	0.55%
	
	0.16%
	0.38%
	
	0.19%
	0.23%
	

	Note: 



Compared with the baseline TDD pattern, the UL resource of the SBFD subband pattern Alt.2 has been increased by around 80% and the DL resource has been decreased by around 20%. Overall, we have the following observation. 
Observation 14: Regarding SBFD deployment case1, FR1 Dense Urban (2-layer scenario), SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· For both Macro layer and Micro layer, the DL average UPT (mean) of SBFD is decreased by around 30% - 39% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. 
· For Macro layer, the DL Packet-Latency (mean) of SBFD is increased by around 48%-127% due to the decreased DL resource and UE-UE CLI; for Micro layer, the DL Packet-Latency (mean) of SBFD is increased by around 57%-93% due to the decreased DL resource and UE-UE CLI.
· For Macro layer, the UL average UPT (mean) of SBFD is increased by around 10% due to the increased UL resource; for Micro layer, the UL average UPT (mean) of SBFD is increased by around 14% due to the increased UL resource.
· For Macro layer, the UL Packet-Latency (mean) of SBFD is decreased by around 16% - 43% due to the increased UL resource; for Micro layer, the UL Packet-Latency (mean) of SBFD is decreased by around 14% - 32% due to the increased UL resource. The gain is smaller in case of high traffic load due to the gNB CLI.

[bookmark: _Hlk131703055]Preliminary SLS results for dynamic TDD
In this section, the preliminary simulation results and some observations for dynamic TDD based on the simulation results are captured. 
Simulation assumptions
The detailed simulation assumptions can be found in the Appendix.

Simulation results: HetNet (Macro and Indoor office)

	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt2, 49dBm gNB Tx power, Twice area&same TxRUs, DL: 4Kbytes, UL: 1Kbyte, UE clustering,…)

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	DTDD
	Gain (%)
	TDD
	DTDD
	Gain (%)
	TDD
	DTDD
	Gain (%)

	DL Average-UPT (Mbps)
	MacroUE Mean
	486.30
	474.47
	-2.43%
	448.64
	421.00
	-6.16%
	346.75
	312.43
	-9.90%

	
	MacroUE 5%
	197.16
	189.85
	-3.71%
	175.05
	153.41
	-12.36%
	95.23
	72.06
	-24.33%

	
	MacroUE 50%
	600.24
	574.25
	-4.33%
	527.02
	491.22
	-6.79%
	383.21
	320.82
	-16.28%

	
	MacroUE 95%
	657.36
	656.89
	-0.07%
	640.42
	633.14
	-1.14%
	591.49
	567.26
	-4.10%

	
	LPNUE Mean
	428.93
	96.62
	-77.47%
	384.31
	56.56
	-85.28%
	250.49
	31.38
	-87.47%

	
	LPNUE 5%
	200.68
	36.00
	-82.06%
	161.66
	8.63
	-94.66%
	62.85
	4.38
	-93.03%

	
	LPNUE 50%
	498.57
	98.82
	-80.18%
	443.71
	52.69
	-88.13%
	222.36
	18.43
	-91.71%

	
	LPNUE 95%
	649.28
	165.28
	-74.54%
	626.80
	126.19
	-79.87%
	502.25
	78.32
	-84.41%

	UL Average-UPT (Mbps)
	MacroUE Mean
	139.38
	139.85
	0.34%
	125.81
	126.02
	0.17%
	101.70
	102.32
	0.61%

	
	MacroUE 5%
	100.13
	100.13
	0.00%
	84.22
	85.71
	1.77%
	20.63
	23.33
	13.09%

	
	MacroUE 50%
	142.93
	142.76
	-0.12%
	129.79
	130.23
	0.34%
	110.12
	110.78
	0.60%

	
	MacroUE 95%
	158.81
	159.93
	0.71%
	147.67
	147.79
	0.08%
	142.56
	142.03
	-0.37%

	
	LPNUE Mean
	142.87
	413.91
	189.71%
	132.91
	417.99
	214.49%
	113.16
	400.27
	253.72%

	
	LPNUE 5%
	123.09
	246.14
	99.97%
	108.53
	369.20
	240.18%
	64.04
	353.53
	452.05%

	
	LPNUE 50%
	144.14
	429.07
	197.68%
	134.87
	420.77
	211.98%
	116.84
	400.38
	242.67%

	
	LPNUE 95%
	158.51
	498.95
	214.78%
	147.86
	455.84
	208.29%
	141.89
	441.14
	210.90%

	DL Packet-Latency CDF (ms)
	MacroUE Mean
	10.67
	10.99
	3.00%
	12.58
	13.86
	10.17%
	22.51
	26.50
	17.73%

	
	MacroUE 5%
	5.98
	6.02
	0.67%
	5.98
	6.02
	0.67%
	6.05
	6.09
	0.66%

	
	MacroUE 50%
	6.70
	6.80
	1.49%
	6.95
	9.09
	30.79%
	13.27
	14.38
	8.36%

	
	MacroUE 95%
	19.77
	22.98
	16.24%
	29.38
	34.98
	19.06%
	71.20
	93.52
	31.35%

	
	LPNUE Mean
	12.12
	61.19
	404.87%
	14.91
	158.30
	961.70%
	31.36
	318.66
	916.14%

	
	LPNUE 5%
	6.02
	23.63
	292.52%
	6.02
	24.48
	306.64%
	6.30
	25.98
	312.38%

	
	LPNUE 50%
	7.20
	51.91
	620.97%
	12.38
	79.41
	541.44%
	19.30
	206.55
	970.21%

	
	LPNUE 95%
	19.84
	163.45
	723.84%
	34.05
	587.52
	1625.46%
	99.91
	902.34
	803.15%

	UL Packet-Latency CDF (ms)
	MacroUE Mean
	8.03
	7.88
	-1.87%
	10.32
	10.09
	-2.23%
	33.24
	32.18
	-3.19%

	
	MacroUE 5%
	5.59
	5.59
	0.00%
	5.63
	5.63
	0.00%
	5.70
	5.70
	0.00%

	
	MacroUE 50%
	6.98
	6.98
	0.00%
	7.34
	7.34
	0.00%
	9.41
	9.45
	0.43%

	
	MacroUE 95%
	12.80
	12.70
	-0.78%
	23.73
	23.23
	-2.11%
	146.23
	134.59
	-7.96%

	
	LPNUE Mean
	8.91
	3.17
	-64.42%
	9.82
	4.33
	-55.91%
	13.49
	2.79
	-79.32%

	
	LPNUE 5%
	5.55
	1.55
	-72.07%
	5.63
	1.55
	-72.47%
	5.66
	1.59
	-71.91%

	
	LPNUE 50%
	6.80
	2.55
	-62.50%
	7.13
	2.55
	-64.24%
	7.84
	2.59
	-66.96%

	
	LPNUE 95%
	12.13
	4.34
	-64.22%
	16.66
	4.59
	-72.45%
	38.13
	4.77
	-87.49%

	DL RU (%)
	Macro Type-1
	3.79%
	3.89%
	2.64%
	12.35%
	13.27%
	7.45%
	36.16%
	39.55%
	9.38%

	
	LPN Type-1
	4.50%
	4.58%
	1.78%
	14.02%
	14.46%
	3.14%
	44.23%
	19.61%
	-55.66%

	
	Macro Type-2
	4.74%
	5.94%
	25.32%
	15.44%
	20.27%
	31.28%
	45.20%
	60.43%
	33.69%

	
	LPN Type-2
	5.62%
	7.00%
	24.56%
	17.53%
	20.09%
	14.60%
	55.28%
	29.96%
	-45.80%

	UL RU (%)
	Macro Type-1
	2.64%
	2.57%
	-2.65%
	6.68%
	6.53%
	-2.25%
	11.98%
	11.69%
	-2.42%

	
	LPN Type-1
	2.64%
	3.90%
	47.73%
	5.99%
	6.76%
	12.85%
	10.57%
	10.16%
	-3.88%

	
	Macro Type-2
	13.22%
	7.45%
	-43.65%
	33.38%
	18.89%
	-43.41%
	59.89%
	33.83%
	-43.51%

	
	LPN Type-2
	13.19%
	11.29%
	-14.40%
	29.93%
	19.58%
	-34.58%
	52.86%
	29.42%
	-44.34%

	Unfinished/dropped Packet Rate (%)
	DL
	0.24%
	0.84%
	
	0.73%
	6.14%
	
	5.01%
	29.72%
	

	
	UL
	1.67%
	0.85%
	
	0.74%
	0.28%
	
	1.63%
	1.29%
	

	Note: 




Compared with the baseline TDD pattern, the TDD pattern for dynamic TDD Macro is the same, while the TDD pattern for dynamic TDD Indoor is updated to DSUUU. In this case, the UL resource for the Indoor office is increased around 300% and the DL resource for Indoor office is decreased around 50%. Overall, we have the following observation. 
Observation 15: Regarding dynamic TDD with HetNet, Packet size 0.5Mbytes/0.125Mbytes
· For Macro layer, the DL average UPT (mean) is decreased by around 2% - 10% due to the UE-UE CLI; for indoor office, the DL average UPT (mean) is decreased by around 77% - 87% mainly due to the decreased DL resource.
· For Macro layer, the DL Packet-Latency (mean) of SBFD is increased by around 3%-18% due to the UE-UE CLI; for indoor office, the DL Packet-Latency (mean) of SBFD is increased by around 404%-916% due to the decreased DL resource.
· For Macro layer, the UL average UPT (mean) of SBFD is almost the same; for indoor office, the UL average UPT (mean) of SBFD is increased by around 189%-254% due to the increased UL resource.
· For Macro layer, the UL Packet-Latency (mean) of SBFD is almost the same; for indoor office, the UL Packet-Latency (mean) of SBFD is decreased by around 56% - 79% due to the increased UL resource. 

Simulation results: Indoor

	Reported Parameters
	1-layer scenario for dynamic/flexible TDD:  {DDDSU} vs. {FFFFF}

	
	DL and UL arrival rate for baseline static TDD
(Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Medium, UL: Low
	DL: High, UL: Medium

	
	TDD
	DTDD
	Gain (%)
	TDD
	DTDD
	Gain (%)

	DL Average-UPT CDF (Mbps)
	Mean
	303.1859
	370.6852
	22.26
	179.5474
	193.0344
	7.51

	
	5%
	72.9828
	98.3811
	34.80
	9.771
	17.9638
	83.85

	
	50%
	141.8192
	184.9711
	30.43
	92.4454
	112.5536
	21.75

	
	95%
	628.0702
	848.8381
	35.15
	492.09
	568.3672
	15.50

	UL Average-UPT CDF  (Mbps)
	Mean
	143.4609
	485.1149
	238.15
	138.2368
	239.9879
	73.61

	
	5%
	87.7865
	146.9816
	67.43
	111.4242
	30.7378
	-72.41

	
	50%
	147.7394
	526.6874
	256.50
	140.3251
	229.7772
	63.75

	
	95%
	168.0976
	651.2508
	287.42
	160.4459
	490.3415
	205.61

	DL Packet-Latency CDF (ms)
	Mean
	23.573
	19.7574
	-16.19
	101.4172
	77.6672
	-23.42

	
	5%
	6.0179
	4.5179
	-24.93
	6.8393
	6.4464
	-5.74

	
	50%
	15.2679
	12.875
	-15.67
	31.8393
	31.8036
	-0.11

	
	95%
	59.0893
	47.7321
	-19.22
	522.7321
	347.8036
	-33.46

	UL Packet-Latency CDF (ms)
	Mean
	8.4442
	7.8981
	-6.47
	9.0367
	68.7257
	660.52

	
	5%
	5.5893
	1.4464
	-74.12
	5.5893
	1.5179
	-72.84

	
	50%
	6.8393
	1.7321
	-74.67
	7.0179
	13.6607
	94.66

	
	95%
	11.8393
	26.3393
	122.47
	14.875
	342.7679
	2204

	Type-1 RU (%)
	DL
	15.29
	16.08
	-
	63.27
	70.06
	-

	
	UL
	1.32
	1.68
	-
	3.84
	3.59
	-

	Type-2 RU (%)
	DL
	19.11
	-
	-
	79.09
	-
	-

	
	UL
	6.6
	-
	-
	19.2
	-
	-

	Unfinished/dropped Packet Rate (%)
	DL
	2.8986
	3.1884
	-
	9.2958
	10.5066
	-

	
	UL
	0.3049
	0.6098
	-
	0.4864
	4.0856
	-



Observation 16: Regarding dynamic TDD with Indoor, Packet size 0.5Mbytes/0.125Mbytes
· In case of low UL RU and medium DL RU and medium UL RU and high DL RU, DL average UPT (mean) is increased by around 22% and 7%, respectively.
· In case of low UL RU and medium DL RU and medium UL RU and high DL RU, DL latency (mean) is decreased by 16% and 23%, respectively;
· In case of low UL RU and medium DL RU and medium UL RU and high DL RU, UL average UPT (mean) is increased by 238% and 73%, respectively;
· In case of medium UL RU and high DL RU, UL latency (mean) is increased by around 660%;


Preliminary LLS results for SBFD
In RAN1#112bis-e meeting, the following agreements were reached. In our simulation, Option-1 is applied. And the example-2 is applied to obtain the   and .

	Agreement
For LLS coverage evaluation, RAN1 should consider self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference in TDD system and SBFD system. 
· Option-1
· The modelling method is as below:
· For TDD UL slot, additive white Gaussian noise with variance of  is generated, where 
·  is UE-gNB interference and  is noise (in linear scale).
· For SBFD slot, additive white Gaussian noise with variance of  is generated, where 
· , , ,  are self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference (in linear scale), respectively
· Companies to report the details of deriving  and . Some examples are as below:
· Example-1:  and  are derived based on a certain assumption of the topology of gNBs and UEs ( is derived based on 1dB desense and   is derived based on  as agreed in last meeting). In this example, the interference is pre-receiver interference.
· Note: link budget analysis can be applied in this example
· Example-2:  is derived based on statistic in SLS, and then  is used in LLS to increase the Gaussian noise power in SBFD symbol compared to TDD UL symbol. In this example, the interference is post-receiver interference.
· Example-3:  and  can be derived based on statistic in SLS. In this example, the interference is post-receiver interference.
· Companies to report the RU assumption for the interference.
· Note: For simplicity, the interference is independently updated/generated in each slot.
· Note: Companies are encouraged to report whether and how channel estimation and interference estimation will be impacted by  and .
· Based on the modelling method, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, assume the SNR in UL only slot is , perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, assume the SNR in UL only slot is  and the SNR in SBFD slot is . Perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.
· Option-2
· The UE-gNB interference and inter-site gNB-gNB co-channel inter-subband CLI in LLS coverage evaluation are explicitly modelled based on a given topology of aggressor UEs and gNBs. The UE-gNB and gNB-gNB fast fading channels are explicitly modelled in LLS. The signal model is as follows
·   
·  is the received signal vector at the victim gNB
·  is the channel matrix from target UE to gNB,  is the transmitted signal of the target user
· , , are the channel matrix and transmitted signal of the UE in the same cell as the target user 
·  and  are the channel matrix and transmitted signal of the UEs in the adjacent cell
· ,  and  are the channel matrix, the precoding matrix, and leakage CLI signal from aggressor gNB  to the victim gNB. 
· The power of the signal and interference is included in the channel marix respectively
·  and  are the self-interference vector of the co-site sectors and the thermal noise signal vector on the receiving antennas
· Companies to report the topology of gNBs and UEs to derive the detailed signals and interferences above. One example is as below
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· Based on the above modelling, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.



[bookmark: _GoBack]Based on example-2 below, the  in our simulation in different traffic load is observed as following.
	
	Low Road
	Medium Load
	High Load

	Post MMSE   (dB)
	0.14
	0.48
	2.19



After performing the LLS, the LLS curve and target SNR (BLER=0.1) are summarized as following.

[image: ]

	Case
	Target SNR (BLER = 0.1)

	Legacy TDD
	-4

	Repetition (Low load)
	-9.7

	Repetition (Medium load)
	-9.45

	Repetition (High load)
	-7.94

	Repetition with JCE (Low load)
	-10.9

	Repetition with JCE (Medium load)
	-10.53

	Repetition with JCE (High load)
	-8.55




The detailed simulation assumptions can be found in the Appendix.  The MCL/MIL/MPL results are as following.
Observation 17: The LLS result for PUSCH-FR1-Urban Macro coverage is as following.
	PUSCH-FR1-Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Low load
30RB, MCS=4, Repetition#=5,
192 antenna elements.

	
	SBFD
	-9.70 
	136.44 
	145.21 
	114.48 
	

	
	Gain
	5.70 
	5.20 
	5.20 
	5.20 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Medium load
30RB, MCS=4, Repetition#=5,
192 antenna elements.

	
	SBFD
	-9.45 
	136.19 
	144.96 
	114.23 
	

	
	Gain
	5.45 
	4.95 
	4.95 
	4.95 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	High load
30RB, MCS=4, Repetition#=5,
192 antenna elements.

	
	SBFD
	-7.94 
	134.68 
	143.45 
	112.72 
	

	
	Gain
	3.94 
	3.44 
	3.44 
	3.44 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Low load
30RB, MCS=4, Repetition#=5, JCE Option 1
192 antenna elements.

	
	SBFD
	-10.90 
	137.64 
	146.41 
	115.68 
	

	
	Gain
	6.90 
	6.40 
	6.40 
	6.40 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Medium load
30RB, MCS=4, Repetition#=5, JCE Option 1
192 antenna elements.

	
	SBFD
	-10.53 
	137.27 
	146.04 
	115.31 
	

	
	Gain
	6.53 
	6.03 
	6.03 
	6.03 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	High load
30RB, MCS=4, Repetition#=5, JCE Option 1
192 antenna elements.

	
	SBFD
	-8.55 
	135.29 
	144.06 
	113.33 
	

	
	Gain
	4.55 
	4.05 
	4.05 
	4.05 
	




Conclusion
SBFD prototype
Observation 1: The 1st SBFD prototype achieves more than 130dB self-interference suppression capability (55 dB antenna isolation, 45 dB ACLR and more than 30 dB sub-band filtering and digital cancellation) and less than 1dB receiver sensitivity degradation at the gNB side. 
Observation 2: 
· The first prototype verifies the SBFD feasibility and achieves 3.9ms E2E round trip latency on average and up to 1.4Gbps peak UL data rate with 4T4R TUE. 
· The second prototype verifies that legacy commercial UEs supporting flexible symbols are compatible to the SBFD base station. The peak UL data rate is higher than 700Mbps and the E2E round trip latency is around 4ms for commercial UE with 2T4R.

Proposal 1: Capture the SBFD prototype info in section 2 of R1-2304595 into TR38.858.

Preliminary SLS results for SBFD
Observation 3: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is decreased by around 24% - 31% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. The loss of DL average UPT (5%) SBFD is much higher than that of DL average UPT (mean) since UE with poor coverage (e.g., cell edge UE) experiences more serious UE-UE CLI.
· The DL Packet-Latency (mean) of SBFD is increased by around 32%-69% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the larger DL Packet-Latency (mean) of SBFD due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 33% - 48% due to the increased UL resource. The gain of UL average UPT (mean) of SBFD is increased as the increase of traffic load because the UL average UPT (mean) of baseline TDD is decreased as the increase of traffic load due to the limited UL resource in the baseline TDD. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 16% - 54% due to the increased UL resource. The gain of UL Packet-Latency (mean) of SBFD is increased as the increase of traffic load because the UL Packet-Latency (mean) of baseline TDD is increased as the increase of traffic load due to the limited UL resource in the baseline TDD. 
Observation 4: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.4 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is decreased by around 4% - 10% due to the UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. The loss of DL average UPT (5%) SBFD is much higher than that of DL average UPT (mean) since UE with poor coverage (e.g., cell edge UE) experiences more serious UE-UE CLI.
· The DL Packet-Latency (mean) of SBFD is increased by around 4%-8% in case of low and medium traffic load due to UE-UE CLI. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 54% due to the much more serious UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 9% - 15% due to more transmission occasions in time domain. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 11% - 17% in case of low and medium traffic load. In case of high traffic load, the UL Packet-Latency (mean) of SBFD is increased by around 45% due to the much more serious gNB CLI.
Observation 5: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.2 subband pattern, Packet size 5Kbytes/1Kbytes
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low and medium traffic load. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 15% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 43% - 52% due to the increased UL resource. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 24% - 27% due to the increased UL resource. 
Observation 6: Regarding SBFD deployment case1, FR1 Indoor office, SBFD Alt.4 subband pattern, Packet size 5Kbytes/1Kbytes
· The DL average UPT (mean) of SBFD is increased by around 11% - 13% due to increased transmission occasion in the last slot of each TDD period.  
· The DL Packet-Latency (mean) of SBFD is decreased by around 16%-17% due to increased transmission occasion in the last slot of each TDD period.  
· The UL average UPT (mean) of SBFD is increased by around 107% - 129% due to increased transmission occasion in the first four slots of each TDD period.
· The UL Packet-Latency (mean) of SBFD is decreased by around 61% - 66% due to increased transmission occasion in the first four slots of each TDD period.
Observation 7: Regarding SBFD deployment case1, FR1 Indoor office,
· In case of larger packet size, obvious DL UPT loss is observed due to the reduced DL resource; in case of smaller packet size, small or no DL UPT loss is observed.
· The UL UPT gain in case of smaller packet size is larger than that of larger packet size.
Observation 8: Regarding SBFD deployment case1, FR1 Urban Macro, SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is decreased by around 19% - 29% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. The loss of DL average UPT (5%) SBFD is much higher than that of DL average UPT (mean) since UE with poor coverage (e.g., cell edge UE) experiences more serious UE-UE CLI.
· The DL Packet-Latency (mean) of SBFD is increased by around 29%-145% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the larger DL Packet-Latency (mean) of SBFD due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 43% - 63% due to the increased UL resource. The gain is smaller in case of high traffic load due to the gNB CLI.
· The UL Packet-Latency (mean) of SBFD is decreased by around 3% - 19% due to the increased UL resource. The gain is smaller in case of high traffic load due to the gNB CLI.
Observation 9: Regarding SBFD deployment case1, FR1 Urban Macro, SBFD Alt.2 subband pattern, Packet size 5Kbytes/1Kbytes
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low load. In case of medium and high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 114%-180% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 43% - 70% due to the increased UL resource. The gain of UL average UPT (mean) of SBFD is increased as the increase of traffic load because the UL average UPT (mean) of baseline TDD is decreased as the increase of traffic load due to the limited UL resource in the baseline TDD. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 8% - 62% due to the increased UL resource. 
Observation 10: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes, 
· The DL average UPT (mean) of SBFD is decreased by around 18% - 28% due to the decreased DL resource and UE-UE CLI. 
· The DL Packet-Latency (mean) of SBFD is increased by around 26%-88% due to the decreased DL resource and UE-UE CLI. 
· The UL average UPT (mean) of SBFD is increased by around 23%-28% due to the increased UL resource. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 6% - 14% due to the increased UL resource. 
Observation 11: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.4 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· The DL average UPT (mean) of SBFD is almost the same as legacy TDD. 
· The DL Packet-Latency (mean) of SBFD is almost the same as legacy TDD.
· The UL average UPT (mean) of SBFD is increased by around 17% - 20% due to more transmission occasions in time domain. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 19% - 24% in case of low and medium traffic load due to more transmission occasions in time domain. In case of high traffic load, the UL Packet-Latency (mean) of SBFD is decreased by around 6%.
Observation 12: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.2 subband pattern, Packet size 5Kbytes/1Kbytes, 
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low and medium load. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 12% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 22% - 27% due to the increased UL resource. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 13% - 15% due to the increased UL resource. 
Observation 13: Regarding SBFD deployment case1, FR1 Dense Urban Macro, SBFD Alt.4 subband pattern, Packet size 5Kbytes/1Kbytes, 
· The DL average UPT (mean) of SBFD is almost the same as baseline TDD.
· The DL Packet-Latency (mean) of SBFD is almost the same as baseline TDD in case of low and medium load. In case of high traffic load, the DL Packet-Latency (mean) of SBFD is increased by around 11% due to the UE-UE CLI.
· The UL average UPT (mean) of SBFD is increased by around 22% - 27% due to the more transmission occasions in time domain. 
· The UL Packet-Latency (mean) of SBFD is decreased by around 13% - 15% due to the more transmission occasions in time domain. 
Observation 14: Regarding SBFD deployment case1, FR1 Dense Urban (2-layer scenario), SBFD Alt.2 subband pattern, Packet size 0.5Mbytes/0.125Mbytes
· For both Macro layer and Micro layer, the DL average UPT (mean) of SBFD is decreased by around 30% - 39% due to the decreased DL resource and UE-UE CLI. The higher traffic load, the higher loss of DL average UPT (mean) of SBFD due to the UE-UE CLI. 
· For Macro layer, the DL Packet-Latency (mean) of SBFD is increased by around 48%-127% due to the decreased DL resource and UE-UE CLI; for Micro layer, the DL Packet-Latency (mean) of SBFD is increased by around 57%-93% due to the decreased DL resource and UE-UE CLI.
· For Macro layer, the UL average UPT (mean) of SBFD is increased by around 10% due to the increased UL resource; for Micro layer, the UL average UPT (mean) of SBFD is increased by around 14% due to the increased UL resource.
· For Macro layer, the UL Packet-Latency (mean) of SBFD is decreased by around 16% - 43% due to the increased UL resource; for Micro layer, the UL Packet-Latency (mean) of SBFD is decreased by around 14% - 32% due to the increased UL resource. The gain is smaller in case of high traffic load due to the gNB CLI.

Preliminary SLS results for dynamic TDD
Observation 15: Regarding dynamic TDD with HetNet, Packet size 0.5Mbytes/0.125Mbytes
· For Macro layer, the DL average UPT (mean) is decreased by around 2% - 10% due to the UE-UE CLI; for indoor office, the DL average UPT (mean) is decreased by around 77% - 87% mainly due to the decreased DL resource.
· For Macro layer, the DL Packet-Latency (mean) of SBFD is increased by around 3%-18% due to the UE-UE CLI; for indoor office, the DL Packet-Latency (mean) of SBFD is increased by around 404%-916% due to the decreased DL resource.
· For Macro layer, the UL average UPT (mean) of SBFD is almost the same; for indoor office, the UL average UPT (mean) of SBFD is increased by around 189%-254% due to the increased UL resource.
· For Macro layer, the UL Packet-Latency (mean) of SBFD is almost the same; for indoor office, the UL Packet-Latency (mean) of SBFD is decreased by around 56% - 79% due to the increased UL resource. 
Observation 16: Regarding dynamic TDD with Indoor, Packet size 0.5Mbytes/0.125Mbytes
· In case of low UL RU and medium DL RU and medium UL RU and high DL RU, DL average UPT (mean) is increased by around 22% and 7%, respectively.
· In case of low UL RU and medium DL RU and medium UL RU and high DL RU, DL latency (mean) is decreased by 16% and 23%, respectively;
· In case of low UL RU and medium DL RU and medium UL RU and high DL RU, UL average UPT (mean) is increased by 238% and 73%, respectively;
· In case of medium UL RU and high DL RU, UL latency (mean) is increased by around 660%;

Preliminary LLS results for SBFD
Observation 17: The LLS result for PUSCH-FR1-Urban Macro coverage is as following.
	PUSCH-FR1-Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Low load
30RB, MCS=4, Repetition#=5,
192 antenna elements.

	
	SBFD
	-9.70 
	136.44 
	145.21 
	114.48 
	

	
	Gain
	5.70 
	5.20 
	5.20 
	5.20 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Medium load
30RB, MCS=4, Repetition#=5,
192 antenna elements.

	
	SBFD
	-9.45 
	136.19 
	144.96 
	114.23 
	

	
	Gain
	5.45 
	4.95 
	4.95 
	4.95 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	High load
30RB, MCS=4, Repetition#=5,
192 antenna elements.

	
	SBFD
	-7.94 
	134.68 
	143.45 
	112.72 
	

	
	Gain
	3.94 
	3.44 
	3.44 
	3.44 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Low load
30RB, MCS=4, Repetition#=5, JCE Option 1
192 antenna elements.

	
	SBFD
	-10.90 
	137.64 
	146.41 
	115.68 
	

	
	Gain
	6.90 
	6.40 
	6.40 
	6.40 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	Medium load
30RB, MCS=4, Repetition#=5, JCE Option 1
192 antenna elements.

	
	SBFD
	-10.53 
	137.27 
	146.04 
	115.31 
	

	
	Gain
	6.53 
	6.03 
	6.03 
	6.03 
	

	ZTE
	TDD
	-4.00 
	131.24 
	140.01 
	109.28 
	High load
30RB, MCS=4, Repetition#=5, JCE Option 1
192 antenna elements.

	
	SBFD
	-8.55 
	135.29 
	144.06 
	113.33 
	

	
	Gain
	4.55 
	4.05 
	4.05 
	4.05 
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Appendix
Simulation assumptions for SLS SBFD
Table.7-1: Simulation parameters for SBFD
	Parameters
	Value

	Scenario
	Indoor office
	Urban Macro
	Dense Urban Macro layer
	Dense Urban 2 layer

	Layout
	Indoor office size 120x50 m
Single layer: 12BSs per 120m x 50m
	Macro layer:  Hex. Grid
As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around
	Macro layer:  Hex. Grid
As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around
	Macro Layer:
Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
Micro layer:
Micro TRP number 3 within one macro cell geographical area

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	20m
	500m
	200m
	Macro-to-Macro: 200m
Minimum Macro-to-micro-center distance: 42m
Minimum Micro-center-to-micro-center distance: 40m 

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	24 dBm per 100MHz
	53dBm per 100MHz
	44dBm per 100MHz
	Macro layer: 44dBm per 100MHz
Micro layer: 30 dBm for 100MHz

	UE Tx power
	23dBm

	Frame structure
	Legacy TDD DDDSU, S=[12D:2G:0U]
SBFD: XXXXU and XXXXX
S = [(subband-1:D; subband-2:U; subbband-3:D] , 273RBs, 104:55:104(DUD),- Guard RB: 5RBs in each side
1symbol gap between S and U symbol.

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	Legacy TDD:
· = (4,4,2,1,1; 4,4)
· = (0.5,0.5)λ,  +45°/-45° polarization;
SBFD:
SBFD antenna configuration option-2 (Method2- 1)
· Two panel groups
· For each panel group: = (4,4,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	Legacy TDD:
· =(8,8,2,1,1;2,8)
·  = (0.5, 0.8)λ,  +45°/-45° polarization;
SBFD:
SBFD antenna configuration option-2 (Method2- 1)
· Two panel groups
· For each panel group: = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
 = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ
	Legacy TDD:
· =(8,8,2,1,1;2,8)
·  = (0.5, 0.8)λ,  +45°/-45° polarization;
SBFD:
SBFD antenna configuration option-2 (Method2- 1)
· Two panel groups
· For each panel group: = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
 = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	BS antenna height
	3m
	25m
	25m

	BS antenna radiation pattern
	Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 in TR 38.802)
	Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
	Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

	BS receiver noise figure
	5dB for 4GHz

	UE antenna configuration
	For 4GHz:
2 Tx/4 Rx antenna ports
2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization

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

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0= -60; alpha = 0.6
	P0 = -86, alpha =0.8 

	Minimum BS-UE (2D) distance
	0m
	35m
	Macro-to-UE: 35m 
Micro-to-UE: 10m

	Minimum UE-UE (2D) distance
	1m 

	UE cluster number per macro cell (X)
	-
	2
	2
	3

	UE outdoor/indoor proportion
	100% indoor in houses: 3km/h
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h

	Indoor UE height 
	1.5m
	1.5m
	1.5m
	Outdoor UE : 1.5 m
Indoor UE : 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

	Radius of cluster (R)
	-
	25m
	20m
	20m

	Minimum distance between macro TRP to UE cluster center 
	-
	60m
	55m
	35m

	Minimum distance between two UE cluster centers
	-
	50m
	-
	40m

	UE density
	10 UEs per TRxP
	20 UEs per TRxP
	20 UEs per TRxP
	20UEs per Macro area

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 2

	UE attachment
	Based on RSRP from port 0

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	3 dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference suppression.

	
	Inter-site
	TX leakage: gNB ACLR = 45dB
Receiver impairment: gNB ACS=46dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	IBE model is applied. 
TX leakage: UE ACLR = 30dB
Receiver impairment: UE ACS= 33dB




Simulation assumptions for dynamic SLS TDD
Table.7-2: Simulation parameters for dynamic TDD
	Parameters
	Value
	Value

	Scenario
	2 Layer Scenario B: Macro and Indoor office
	1 Layer Scenario: Indoor office

	Layout
	Layer 1: Urban Macro
· Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m
Layer 2: Indoor office (baseline)
· Only one building randomly dropped in the whole network as in the figure below. The building has to be confined within one macro cell area.
· 12 TRPs per 120m x 50m x 3m
· the distance between two indoor TRPs: 20m for 12 TRPs

	Indoor office size 120x50 m
Single layer: 12BSs per 120m x 50m

	Numerology
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	Macro-to-macro: 500m
Minimum Macro-to-indoor center distance: 100m
Minimum Indoor-to-indoor distance: 20m
	20m

	Carrier frequency
	4GHz
	4GHz

	Simulation bandwidth
	100 MHz
	100 MHz

	BS Tx power
	53dBm for Macro
24dBm for indoor
	24dBm for indoor

	UE Tx power
	23dBm
	23dBm

	Frame structure
	Baseline operation for comparison: legacy static TDD {DDDSU} based on Rel-17 specifications
Target flexible TDD operation:legacy static TDD {DSUUU} based on potential enhancements
	Baseline operation for comparison: legacy static TDD {DDDSU} based on Rel-17 specifications
Dynamic TDD operation:{FFFFF}

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	Layer 1:
· =(8,8,2,1,1;2,8)
·  = (0.5, 0.8)λ,  +45°/-45° polarization;
Layer 2:
· = (4,4,2,1,1; 4,4)
· = (0.5,0.5)λ,  +45°/-45° polarization;
	· = (4,4,2,1,1; 4,4)
= (0.5,0.5)λ,  +45°/-45° polarization;

	BS antenna height
	Macro: 25m
indroor: 3m
	3m

	BS antenna radiation pattern
	Layer 1:
Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
Layer 2:
Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 in TR 38.802)
	Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 in TR 38.802)

	BS receiver noise figure
	5dB for 4GHz
	5dB for 4GHz

	UE antenna configuration
	For 4GHz:
2 Tx/2 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)
	For 4GHz:
2 Tx/2 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

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

	UE receiver noise figure
	9 dB for 4GHz
	9 dB for 4GHz

	UE power control
	P0 = -86, alpha =0.8 for Macro
P0 = -60, alpha =0.6 for Indoor office
	P0 = -60, alpha =0.6 for Indoor office

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m
Indoor-to-UE: 0m
	 0m

	Minimum UE-UE (2D) distance
	1m (TR38.828)
	1m (TR38.828)

	UE density
	Layer 1: Urban Macro
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell outside the Indoor office 
· Indoor/outdoor proportion:
· Option 1 (baseline): 100% outdoor without car penetration loss, 3km/h, UE height is 1.5m
· Layer 2: Indoor office (baseline)
· 10 users per indoor TRP per direction, and all users are randomly and uniformly dropped within the building. 
· UE speed is 3km/h, UE height is 1.5m

	· 10 users per indoor TRP per direction, and all users are randomly and uniformly dropped within the building.
UE speed is 3km/h, UE height is 1.5m

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Feedback assumption
	Realistic
	Realistic

	Channel estimation
	Ideal
	Ideal

	UE processing capability
	UE processing capability 2
	UE processing capability 2

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 64QAM
	Up to 64QAM

	Handover margin
	3dB
	3dB

	Transmission scheme and Scheduling
	SU-MIMO with PF
	SU-MIMO with PF

	gNB2gNB Large-scale channel parameters
	FR1:
· Macro TRP to Macro TRP: not needed.
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered
· For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). 
· Penetration loss is not modelled.
· Macro TRP to Indoor TRP: UMa in TR 38.901 (hUE =3m)
· O2I penetration loss follows TR 38.901
· For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
· Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP
	FR1:
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered
· For Indoor office layer: InH-Office in TR 38.901 (hUE =3m).
Penetration loss is not modelled.

	gNB2gNB Fast fading parameters
	FR1:
· Macro TRP to Macro TRP: not needed.
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered.
· For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD. 
· For Indoor factory layer: InF in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD
· Macro TRP to Indoor TRP: UMa O2I in TR 38.901
· Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP
	FR1:
· Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered.
For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD.

	UE2UE Large-scale channel parameters
	FR1:
· Outdoor UE to Outdoor UE: 
· Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m)
· Penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901 (hBS =1.5m). 
· Penetration loss is not modelled.
· Outdoor UE to Indoor UE: 
· Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m).
· Penetration loss between UEs follows Table A.2.1-13 in TR38.802
	FR1:
· Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901 (hBS =1.5m). 
Penetration loss is not modelled.

	UE2UE Fast fading parameters
	FR1:
· Outdoor UE to Outdoor UE: 
· Option 2: UMi-Street canyon in TR 38.901, ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.
· Outdoor UE to Indoor UE: 
· Option 2: UMi-Street canyon in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.
	FR1:
· Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
· Option 2:
For Indoor office layer: InH-Office in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.

	gNB2UE Large-scale channel parameters
	FR1:
· Macro TRP to Outdoor UE: UMa in TR 38.901
· Car penetration loss is modelled
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
· For Indoor office layer: InH-Office in TR 38.901
· Penetration loss is not modelled.
· Macro TRP to Indoor UE: UMa in TR 38.901
· O2I penetration loss follows TR 38.901 
· For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
· Indoor TRP to Outdoor UE: 
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901 [TR 38.828 Table 5.2.1.1.2-1]
· Both Car penetration (for outdoor UE) and O2I penetration loss are modelled, wherein, O2I penetration loss follows TR 38.901
· For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
	FR1:
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
· For Indoor office layer: InH-Office in TR 38.901
Penetration loss is not modelled.

	gNB2UE Fast fading parameters
	FR1:
· Macro TRP to Outdoor UE: UMa in TR 38.901
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
· For Indoor office layer: InH-Office in TR 38.901
· Macro TRP to Indoor UE: UMa in TR 38.901
· Indoor TRP to Outdoor UE: 
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901 [TR 38.828 Table 5.2.1.1.2-1]
· For Indoor factory layer: InF in TR 38.901
	FR1:
· Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
For Indoor office layer: InH-Office in TR 38.901



Simulation assumptions for LLS SBFD
	Parameters
	Value

	Frame structure
	DDDSU

	Fc
	4GHz

	SCS
	30kHz

	BW
	100MHz

	Channel
	TDL-C

	Delay spread
	300ns

	UE speed
	3km/h

	UE Tx anntenna
	1

	gNB Rx antenna
	4

	Waveform
	DFT-s-OFDM

	PUSCH duration
	14 OS

	DMRS
	2OS

	Frequency hopping 
	disable

	RB Num
	30

	MCS
	4

	TBS
	2600

	Actual data rate
	1.04 Mbps

	HARQ configuration
	disable

	Target iBLER
	10%
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