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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
This contribution presents System Level Simulation results for calibration purpose using the agreed simulation assumptions [1].  The scenario simulated is FR1 Indoor Office operating in SBFD.

2. SBFD SLS for FR-1 Indoor Office
2.1 Scenarios & parameters
Table 1 summarises the scenarios and parameters used in the System Level Simulation.

[bookmark: _Ref134703722]Table 1: Simulation scenarios & parameters
	Deployment
	FR1 Indoor Office

	Scenario Name
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	SBFD slot config
	Alt 2: 
Legacy TDD: {DDDSU}
SBFD: {XXXXU}
	Alt 4:
Legacy TDD: {DDDSU}
SBFD: {XXXXX}

	SBFD subband config
	Option 1 (Baseline): <ND, NU, NG >=<104, 55, 5>

	Guard symbols
	0
	0

	UL resource per TDD period (%)
	36.1%
	20.1%

	DL resource per TDD period (%)
	61%
	76.2%

	BS Tx power for SBFD
	Option-1 (Baseline): Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)

	BS antenna config for legacy TDD
	Option 1: 
(M,N,P,Mg,Ng;Mp,Np)  = (4,4,2,1,1; 4,4)
(dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization

	BS antenna config for SBFD
	Twice area & same TxRUs (higher priority): SBFD antenna configuration Option 2

	BS antenna radiation pattern
	Option 1 (Baseline): the ceiling-mount antenna pattern in Table 10 in Report ITU-R M.2412

	UE antenna config
	Option 1 (higher priority):
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

	DL/UL traffic assignment for the same UE
	Option 2: Each UE is assigned both UL traffic and DL traffic.

	DL/UL FTP packet size
	Option 2 (higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL

	DL/UL traffic load for legacy TDD
Ref: Annex A.6 of TR 38.858
	Option 1: {DL:UL}
{Low, Low}
	Option 2: {DL:UL}
{Med, Med}
	Option 3: {DL:UL}
{High, High}
	Option 1: {DL:UL}
{Low, Low}
	Option 2: {DL:UL}
{Med, Med}
	Option 3: {DL:UL}
{High, High}

	gNB-gNB Channel Model
	Option 1 (higher priority): Both Large scale fading and small scale fading

	UE-UE Channel Model
	Option 2: Large scale fading only

	UE-UE details
	Option 2 (baseline): TR 38.901

	Open loop pwr ctrl parameters
	P0= -60 dBm, alpha = 0.6

	UE receiver
	Option 1 (Baseline): MMSE-IRC

	Channel Est
	Option 1: Ideal

	Tx Scheme
	SU-MIMO




2.2 System Simulation Results
2.2.1 Resource Utilisation (RU)
Table 2 and Table 3 summarise the RU based on RU definition Type 1 and Type 2 respectively.
[bookmark: _Ref134704625]Table 2: Type-1 RU
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	TDD DL
	5.13%
	21.20%
	43.55%
	5.13%
	21.20%
	43.55%

	SBFD DL
	6.16%
	15.22%
	30.44%
	6.16%
	15.22%
	30.44%

	TDD UL
	0.95%
	7.00%
	10.28%
	0.95%
	7.00%
	10.28%

	SBFD UL
	2.45%
	10.13%
	18.48%
	2.45%
	10.13%
	18.48%




[bookmark: _Ref134704628]Table 3: Type-2 RU
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	TDD DL
	8.54%
	26.55%
	46.38%
	8.54%
	26.55%
	46.38%

	SBFD DL
	10.33%
	29.06%
	41.54%
	10.33%
	29.06%
	41.54%

	TDD UL
	6.66%
	35.07%
	40.06%
	6.66%
	35.07%
	40.06%

	SBFD UL
	6.81%
	26.72%
	44.60%
	6.81%
	26.72%
	44.60%



Type-1 RU is number of RBs used in a link direction over total RBs (including DL, UL & guardbands) over an observation time.  As shown in Table 2, the RU for UL is higher in SBFD and TDD which is expected since more RBs are available in the uplink, even at low traffic.  Since the RB in the DL is reduced in SBFD, as expected, the DL RU is reduced in SBFD compared to TDD in medium to high traffic.  At low traffic the DL RBs is slightly higher in SBFD compared to TDD, which suggest more RBs are used per unit time in SBFD compared to TDD, due to less DL RBs available in SBFD.

Type-2 RU is the number of RBs used in a link direction over total RBs available in that link direction over an observation time.  For UL as shown in Table 3, at low traffic, the UL RUs are similar in SBFD and TDD, which shows that there are sufficient UL RBs to handle low traffic in TDD.  At medium traffic UL RU is higher in TDD than in SBFD suggesting the UL resources are heavily utilized in TDD compared to SBFD.  At high traffic UL RU in TDD is lower than SBFD, here it is likely the UL RU is saturated in TDD for the given traffic whereas in SBFD higher UL RU can be utilized to handle the high traffic.  In the DL, for low and medium traffic, there are sufficient DL RBs in TDD and showing the utilization is lower compared to SBFD.  At high traffic, the DL RU in SBFD is likely saturated but in TDD there is still sufficient DL RBs to absorb the high traffic load per unit time.


2.3 User Perceived Throughput (UPT)
Table 4 and Table 5 show the gain in Average UPT CDF of SBFD over TDD at Mean, 5%, 50% and 95% for UL and DL respectively.
[bookmark: _Ref134706857]Table 4: DL-UPT Gain of SBFD over TDD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	Mean
	-21.16%
	-26.02%
	-28.01%
	-18.17%
	-17.25%
	-8.36%

	5%
	-29.47%
	-16.82%
	-11.88%
	-27.37%
	-8.30%
	-6.19%

	50%
	-29.16%
	-29.96%
	-15.74%
	-4.36%
	-14.96%
	-6.35%

	95%
	-24.86%
	-21.60%
	-16.65%
	-5.63%
	-14.60%
	-10.91%



[bookmark: _Ref134706859]Table 5: UL-UPT Gain of SBFD over TDD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	Mean
	36.20%
	37.67%
	55.49%
	32.71%
	33.69%
	23.32%

	5%
	32.08%
	50.42%
	92.31%
	77.89%
	59.96%
	18.66%

	50%
	49.25%
	13.71%
	38.79%
	40.37%
	35.37%
	40.79%

	95%
	44.47%
	73.52%
	74.96%
	33.34%
	54.59%
	25.34%



As expected, at all traffic loads we see gains in UL UPT in SBFD over TDD due to the increased in UL RBs even at low traffic load, the gain is significant with a mean gain of 36.2%.  However, in the DL, we see losses in UPT for all traffic loads due to the reduction in DL RBs, which are also expected.
Table 6 and Table 7 summarise the absolute Average UPT CDF UPT (Mbps) for TDD and SBFD in the DL & UL respectively.
[bookmark: _Ref134707030]Table 6: DL UPT (Mbps) for TDD & SBFD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	TDD Mean
	380.53
	300.23
	200.09
	380.53
	300.23
	200.09

	TDD 5%
	180.35
	120.3
	45.7
	180.35
	120.3
	45.7

	TDD 50%
	450.19
	300.12
	120.91
	450.19
	300.12
	120.91

	TDD 95%
	599.92
	560.95
	360.15
	599.92
	560.95
	360.15

	SBFD Mean
	300
	222.11
	144.05
	311.39
	248.43
	183.37

	SBFD 5%
	127.2
	100.06
	40.27
	130.98
	110.32
	42.87

	SBFD 50%
	318.9
	210.19
	101.88
	430.55
	255.21
	113.23

	SBFD 95%
	450.77
	439.8
	300.18
	566.12
	479.03
	320.86



[bookmark: _Ref134707267]Table 7: UL UPT (Mbps) for TDD & SBFD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	TDD Mean
	120.65
	75.28
	50.01
	120.65
	75.28
	50.01

	TDD 5%
	68.33
	50.2
	31.45
	68.33
	50.2
	31.45

	TDD 50%
	120.65
	79.34
	56.85
	120.65
	79.34
	56.85

	TDD 95%
	179.16
	97.03
	80.19
	179.16
	97.03
	80.19

	SBFD Mean
	164.33
	103.64
	77.76
	160.12
	100.64
	61.67

	SBFD 5%
	90.25
	75.51
	60.48
	121.55
	80.3
	37.32

	SBFD 50%
	180.07
	90.22
	78.9
	169.36
	107.4
	80.04

	SBFD 95%
	258.84
	168.37
	140.3
	238.9
	150
	100.51




2.4 Latency
Table 8 and Table 9 show the latency increase of SBFD over TDD at Mean, 5%, 50% and 95% for UL and DL respectively.

[bookmark: _Ref134707508]Table 8: DL Latency Increase of SBFD over TDD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	Mean
	22.51%
	45.01%
	25.17%
	12.14%
	9.41%
	3.92%

	5%
	35.26%
	25.17%
	15.88%
	6.05%
	11.97%
	2.81%

	50%
	17.36%
	28.58%
	22.38%
	3.50%
	5.87%
	3.31%

	95%
	12.76%
	15.19%
	38.26%
	6.67%
	0.68%
	20.87%



[bookmark: _Ref134707511]Table 9: UL Latency Increase of SBFD over TDD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	Mean
	-33.57%
	-30.85%
	-29.21%
	-21.34%
	-11.27%
	-6.31%

	5%
	-25.68%
	-32.94%
	-19.27%
	-6.17%
	-12.59%
	-8.22%

	50%
	-35.42%
	-28.91%
	-19.82%
	-22.15%
	-2.56%
	-4.81%

	95%
	-41.89%
	-53.97%
	-38.78%
	-22.55%
	-9.03%
	-2.49%



As expected, the latency increases in the DL due to reduction of RBs in SBFD compared to TDD.  Also expected the latency reduces in the UL in SBFD compared to TDD due to the increased in RBs for SBFD.
Table 10 and Table 11 summarise the absolute latency (ms) for TDD and SBFD in the DL & UL respectively.
[bookmark: _Ref134707632]Table 10: DL Latency (ms) for TDD & SBFD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	TDD Mean
	12.44
	17.75
	38.5
	12.44
	17.75
	38.5

	TDD 5%
	3.97
	7.35
	20.28
	3.97
	7.35
	20.28

	TDD 50%
	12.56
	17.88
	36.91
	12.56
	17.88
	36.91

	TDD 95%
	22.33
	30.74
	50.36
	22.33
	30.74
	50.36

	SBFD Mean
	15.24
	25.74
	48.19
	13.95
	19.42
	40.01

	SBFD 5%
	5.37
	9.2
	23.5
	4.21
	8.23
	20.85

	SBFD 50%
	14.74
	22.99
	45.17
	13
	18.93
	38.13

	SBFD 95%
	25.18
	35.41
	69.63
	23.82
	30.95
	60.87



[bookmark: _Ref134707634]Table 11: UL latency (ms) for TDD & SBFD
	Scenario 
	Alt-2 Low
	Alt-2 Med
	Alt-2 High
	Alt-4 Low
	Alt-4 Med
	Alt-4 High

	TDD Mean
	8.34
	17.83
	26.46
	8.34
	17.83
	26.46

	TDD 5%
	4.05
	6.83
	10.95
	4.05
	6.83
	10.95

	TDD 50%
	7.99
	15.22
	25.78
	7.99
	15.22
	25.78

	TDD 95%
	13.35
	28.46
	49.76
	13.35
	28.46
	49.76

	SBFD Mean
	5.54
	12.33
	18.73
	6.56
	15.82
	24.79

	SBFD 5%
	3.01
	4.58
	8.84
	3.8
	5.97
	10.05

	SBFD 50%
	5.16
	10.82
	20.67
	6.22
	14.83
	24.54

	SBFD 95%
	7.7573
	13.101
	30.4618
	10.34
	25.89
	48.52




3. Conclusion
In this contribution, we presented System Level Simulation results comparing SBFD with baseline TDD for FR1 Indoor Office deployment.  We proposed that these results are captured in TR 38.858.
Proposal 1: Capture the System Level Simulation results for FR1 Indoor Office comparing SBFD and TDD to TR 38.858.
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