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Introduction
In this contribution, we discuss on the deployment scenarios and evaluation methodology for the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD. In addition, we provide our evaluation results on subband non-overlapping full duplex based on calibration result.

Performance evaluation results 
This section provides our evaluation results on subband non-overlapping full duplex. 
In the evaluation, throughput and latency performance between HD TDD and SBFD are compared. For performance comparison, following frame structure (i.e., Alt 2 in the agreement in RAN1#109-e [4]) for the legacy TDD and SBFD operation is assumed.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
DL and UL resource for the legacy TDD and SBFD operation are illustrated in Figure 1. For the evaluation, SBFD Subband configuration#1 with {DUD} pattern and total 10 PRBs of guard band is assumed.
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(a) Legacy TDD (HD only)                                       (b) SBFD (HD and SBFD)
Figure 1. DL/UL resource configuration for (a) legacy TDD and (b) SBFD

To observe the effect of inter-UE CLI, two alternatives for UE clustering distribution of Urban Macro and Dense Urban Macro layer were agreed in RAN1#110-bis-e [2]. For evaluation, Alt-2 is applied which is baseline of UE clustering distribution that has multi cluster.
	Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, take Alt-2 as baseline and Alt-3 as optional.
	
	M
	X
	Indoor UE height (m)

	Alt-2
	20
	2
	1.5

	Alt-3
	10
	1
	1.5






In addition, ASIR is assumed to reflect the effects of SI and CLI on the DL/UL performance. The ASIR implies the adjacent subband interference ratio and is defined as the ratio of the power transmitted on one subband to the total interference received by a receiver on the adjacent subband, due to both transmitter and receiver imperfections without considering channel. For the evaluation, frequency flat ASIR value as provided in Table 2 is assumed. ASIR_BS_BS and ASIR_UE_UE in the table refer the ASIR value applied to inter-site gNB-gNB co-channel inter-subband CLI and UE-UE co-channel inter-subband CLI, respectively.
For the evaluation, it is assumed that the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission. Regarding the channel model, large-scale fading is considered only.
In regard of the antenna configuration, the option-2 is applied which is the total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
Based on simulation assumption, same FTP arrival rate is assumed for both HD TDD and SBFD. Other detailed evaluation assumptions are provided in Table 3 and 4 in Annex 1.

Table 1. Evaluation assumption on DL/UL packet size
	　
	DL packet size
	UL packet size

	Packet size 1
	4KB
	1KB

	Packet size 2
	0.5MB
	0.125MB



Table 2. Evaluation assumption on ASIR (Adjacent Subband Interference Ratio)
	ASIR_BS_BS
	ASIR_UE_UE

	42.5dB
	28.2dB



Under the assumptions, the evaluation results of the legacy TDD operation (i.e., HD only) and SBFD operation (i.e., HD+SBFD) are obtained. 
In Annex 2, Table 5 and Figure 6, 7, 8 and 9 show the evaluation results according to small packet size in Urban Macro deployment scenario. And Table 6 and Figure 10, 11, 12 and 13 show the evaluation results according to large packet size in Urban Macro deployment scenario. 
In Annex 3, Table 7 and Figure 14, 15, 16 and 17 show the evaluation results according to small packet size in Indoor Office deployment scenario. And Table 8 and Figure 18, 19, 20 and 21 show the evaluation results according to large packet size in Indoor Office. Each result shows Type 1/Type 2 RU, mean/5%/50%/95% packet delay of all transmission, and UE average/tail/median throughput of legacy TDD and SBFD operation. 

Compared to legacy TDD operation, it is allowed that some of downlink resource can be used for uplink transmission in SBFD operation. Hence, it can be expected that the operation of SBFD causes downlink throughput performance reduction due to the lack of downlink resource. However, the tendency may not be the same in all deployment scenario. 
In Figure 2 and 3, downlink average throughput performance in the case of Urban Macro and Indoor Office are depicted with small packet size and large packet size, respectively.  In Figure 4 and 5, uplink average throughput performance in the case of Urban Macro and Indoor Office are depicted with small packet size and large packet size, respectively.  
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		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	41.97
	50.02
	55.86
	49.3 

	TDD_Medium_RU
	39.11
	47.24
	52.51
	46.3 

	TDD_High_RU
	9.65
	33.97
	44.68
	32.0 

	SBFD_Low_RU
	14.59
	47.13
	55.04
	41.9 

	SBFD_Medium_RU
	11.27
	42.11
	51.06
	36.7 

	SBFD_High_RU
	3.92
	19.23
	40.86
	20.0 





(a) UE average DL throughput in Urban Macro (Mbps)
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		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	45.63
	50.10
	54.21
	50.1 

	TDD_Medium_RU
	40.60
	46.84
	51.51
	46.5 

	TDD_High_RU
	15.99
	28.12
	41.59
	28.2 

	SBFD_Low_RU
	44.00
	49.63
	54.16
	49.5 

	SBFD_Medium_RU
	37.39
	45.56
	51.32
	45.0 

	SBFD_High_RU
	3.57
	21.72
	41.43
	21.9 





(b) UE average DL throughput in Indoor Office (Mbps)
Figure 2. DL average throughput performance of legacy TDD and SBFD 
(DL: 4KB, UL: 1KB)
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		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	179.65
	457.14
	666.67
	452.6 
	1.7 
	11.7 
	8.5 

	TDD_Medium_RU
	150.94
	366.97
	627.45
	376.0 
	4.2 
	26.5 
	20.8 

	TDD_High_RU
	124.83
	205.28
	354.80
	220.0 
	9.3 
	65.7 
	46.3 

	SBFD_Low_RU
	112.68
	272.73
	500.00
	291.7 
	0.7 
	12.8 
	2.2 

	SBFD_Medium _RU
	102.56
	205.13
	444.44
	228.2 
	2.0 
	28.7 
	6.1 

	SBFD_High_RU
	98.36
	142.49
	228.57
	150.4 
	5.8 
	59.8 
	18.0 





(a) UE average DL throughput in Urban Macro (Mbps)
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		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	231.95
	400.00
	652.62
	422.2 
	1.7 
	11.7 
	8.5 

	TDD_Medium_RU
	183.21
	280.70
	460.30
	295.0 
	4.2 
	26.5 
	20.8 

	TDD_High_RU
	142.86
	178.66
	280.14
	192.7 
	9.3 
	65.7 
	46.3 

	SBFD_Low_RU
	190.48
	313.73
	500.00
	327.3 
	0.7 
	12.8 
	2.2 

	SBFD_Medium_RU
	153.85
	229.67
	391.38
	246.8 
	2.0 
	28.7 
	6.1 

	SBFD_High_RU
	141.51
	170.21
	275.86
	183.4 
	5.8 
	59.8 
	18.0 





(b) UE average DL throughput in Indoor Office (Mbps)
Figure 3. DL average throughput performance of legacy TDD and SBFD
(DL: 0.5MB, UL: 0.125MB)
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		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	1.19
	4.44
	7.00
	4.3 

	TDD_Medium_RU
	1.22
	3.65
	5.76
	3.6 

	TDD_High_RU
	0.84
	1.49
	2.88
	1.6 

	SBFD_Low_RU
	1.68
	10.67
	16.00
	9.9 

	SBFD_Medium_RU
	1.51
	7.24
	14.77
	7.8 

	SBFD_High_RU
	0.95
	2.31
	8.34
	3.1 





(a) UE average UL throughput in Urban Macro (Mbps)
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		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	4.00
	4.87
	6.10
	4.9 

	TDD_Medium_RU
	3.62
	4.44
	5.33
	4.4 

	TDD_High_RU
	1.54
	2.51
	3.77
	2.5 

	SBFD_Low_RU
	13.04
	15.27
	16.00
	15.1 

	SBFD_Medium_RU
	11.71
	14.19
	16.00
	14.0 

	SBFD_High_RU
	6.89
	9.76
	14.00
	10.1 





(b) UE average UL throughput in Indoor Office (Mbps)
Figure 4. UL average throughput performance of legacy TDD and SBFD 
(DL: 4KB, UL: 1KB)
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		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	22.61
	32.52
	53.44
	35.0 

	TDD_Medium_RU
	22.56
	30.86
	50.00
	32.8 

	TDD_High_RU
	21.74
	29.41
	43.50
	30.7 

	SBFD_Low_RU
	24.26
	51.95
	90.91
	54.2 

	SBFD_Medium_RU
	22.72
	41.96
	75.47
	44.7 

	SBFD_High_RU
	22.82
	33.97
	54.79
	35.8 





(a) UE average UL throughput in Urban Macro (Mbps)
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		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	39.22
	51.95
	64.52
	52.3 

	TDD_Medium_RU
	37.04
	45.11
	55.56
	45.6 

	TDD_High_RU
	34.08
	39.60
	47.62
	40.0 

	SBFD_Low_RU
	60.61
	93.02
	133.33
	94.4 

	SBFD_Medium_RU
	46.22
	59.70
	86.96
	62.5 

	SBFD_High_RU
	35.71
	42.55
	53.22
	43.2 





(b) UE average UL throughput in Indoor Office (Mbps)
Figure 5. UL average throughput performance of legacy TDD and SBFD
(DL: 0.5MB, UL: 0.125MB)

In Figure 2, downlink average throughput performance is observed in Urban Macro and Indoor Office. In Figure 2, it could be observed that DL average throughput of Indoor Office generally shows a performance increment over the Urban Macro on both TDD and SBFD operation. It is because TRP-to-UE distance reduction causes pathloss reduction and it makes enhanced downlink link quality. In Figure 2 (a), comparing DL mean average throughput of TDD and SBFD in Urban Macro deployment scenario with medium RU, TDD outperformed SBFD by 20.76%. However, in Figure 2 (b), comparing DL mean average throughput of TDD and SBFD in Indoor Office deployment scenario with medium RU, TDD and SBFD show a performance difference of about 2.7%.
At least in case of small packet size, the DL mean average throughput reduction of SBFD compared to TDD is large in Urban Macro. However, the DL mean average throughput reduction of SBFD compared to TDD shows less or no performance degradation in Indoor Office.
In the case of large packet size, in Figure 3 (a), comparing DL mean average throughput of TDD and SBFD in Urban Macro deployment scenario with medium RU, TDD outperformed SBFD by 44.1%. In Figure 3 (b), which is comparing DL mean average throughput of TDD and SBFD in Indoor Office deployment scenario with medium RU, TDD and SBFD show a performance difference of about 18.18%. It means, in both Urban Macro and Indoor Office scenario, small packet size is more suitable to SBFD operation.
In Figure 2, with small packet size Urban Macro case, comparing SBFD and TDD, SBFD downlink performance degradation of mean throughput could be observed by 15%, 20.7% and 37.5% in low, medium and high RU respectively. In Figure 3, with small packet size Indoor Hotspot case, comparing SBFD and TDD, SBFD downlink performance degradation of mean throughput could be observed by 1.2%, 3.2% and 22.3% in low, medium and high RU respectively. It means, in both Urban Macro and Indoor Office scenario, SBFD operation has benefit in low RU with small packet size.
By comparing above simulation result, a tendency could be observed. In every simulation assumption which is operated, TDD has benefit over SBFD operation in downlink throughput. But it has numerical difference. Downlink throughput performance degradation of SBFD to TDD shows less difference in Indoor Office case than Urban Macro case. Downlink throughput performance degradation of SBFD to TDD shows less difference in small packet size case than large packet size case. Downlink throughput performance degradation of SBFD to TDD shows less difference in low RU case. The notable thing is when using small packet size in Indoor Office deployment case with low RU, SBFD and TDD performance represented little difference by 1.2%. It means, despite of SBFD operation characteristic which has lack of downlink resource compared with TDD, with controlling circumstance of using SBFD operation, it shows the feasibility to overcome the downlink throughput performance degradation.

Observation 1: Downlink throughput performance degradation of SBFD compared to TDD is observed.
· [bookmark: _Hlk131797376]In Indoor Office case, the tendency of downlink throughput performance degradation of SBFD to TDD is reduced compared to Urban Macro case. 
· In small packet size case, the tendency of downlink throughput performance degradation of SBFD to TDD is reduced compared to large packet size case. 
· RU impacts the degradation tendency of downlink throughput performance from SBFD to TDD. A small packet size case shows less degradation as RU decreases, while a large packet size case shows less degradation as RU increases. 
· When using small packet size in Indoor Office deployment case with low RU, there is little or no difference in downlink performance between SBFD and TDD, despite the fact that SBFD has a characteristic of lacking downlink resources compared to TDD.

Because SBFD operation uses some DL resource to UL subband resource, the uplink throughput of SBFD outperforms that of legacy TDD in both deployment scenarios (i.e., Urban Macro and Indoor Office deployment). In Figure 4, in the small packet size case of medium RU in Urban Macro deployment scenario, UL mean average throughput of SBFD outperforms that of legacy TDD about 116%. In the small packet size case of medium RU in Indoor Office deployment scenario, UL mean average throughput of SBFD outperforms that of legacy TDD about 216%. In Figure 5, in the large packet size case of medium RU in Urban Macro deployment scenario, UL mean average throughput of SBFD outperforms that of legacy TDD about 36%. In the large packet size case of medium RU in Indoor Office deployment scenario, UL mean average throughput of SBFD outperforms that of legacy TDD about 32%. Same with downlink, it means, in both Urban Macro and Indoor Office scenario, small packet size is more suitable to SBFD operation.
In Figure 4, with small packet size Urban Macro case, comparing SBFD and TDD, SBFD uplink performance improvement of mean throughput could be observed by 130%, 117% and 94% in low, medium and high RU respectively. In Figure 5, with small packet size Indoor Hotspot case, comparing SBFD and TDD, SBFD uplink performance improvement of mean throughput could be observed by 208%, 218% and 304% in low, medium and high RU respectively. It means, in both Urban Macro and Indoor Office scenario, SBFD operation has benefit in low RU with small packet size.
By observation 4 and 5, a tendency could be observed. In every simulation assumption which is operated, SBFD has benefit over TDD operation in uplink throughput with some numerical difference. Uplink throughput performance improvement of SBFD to TDD in Indoor Office case outperforms that of Urban Macro case. Uplink throughput performance improvement of SBFD to TDD in small packet size case outperforms that of large packet size case. Uplink throughput performance improvement of SBFD to TDD with small packet size case in both deployment case, as lower the RU the more performance improvement could be observed. When using small packet size in Indoor Office deployment case with low RU, SBFD performance could make over 200% improvement than TDD.

Observation 2: Uplink throughput performance improvement of SBFD compared to TDD is observed.
· [bookmark: _Hlk131798106][bookmark: _Hlk131798301]Both Indoor Office and Urban Macro cases show performance gain of SBFD compared to TDD in terms of uplink throughput performance. The improvement in uplink throughput performance is more significant in the Indoor Office case than in the Urban Macro case.
· The improvement of uplink throughput performance of SBFD to TDD in small packet size case outperforms that of large packet size case. 
· Uplink throughput performance improvement of SBFD to TDD with small packet size case in both deployment case, as lower the RU the more performance improvement could be observed.
· When using small packet size in Indoor Office deployment case with low RU, there is over 200% improvement in uplink performance between SBFD and TDD, because of the fact that SBFD has a characteristic of having more uplink resources compared to TDD.

The notable thing is when comparing the downlink performance degradation and uplink performance improvement. Numerically, in low RU with small packet size Indoor Hotspot case, SBFD uplink performance improvement has over 200% of benefit. However, in same assumption, SBFD downlink performance degradation is under 2%. It means, even SBFD has some weak point in downlink side, the uplink side performance improvement could be usable in some environments.

Observation 3: SBFD operation is beneficial compared to TDD operation. Specifically, considering factors such as deployment scenarios, packet size, and resource utilization, the following environments are more suitable for SBFD operation compared to TDD.
· Environments where the improvement of uplink performance compared to the degradation of downlink performance is required
· Environments with relatively low traffic load (operating with small packet sizes and low packet arrival rates)
· Environments with limited interference (compared to Urban Macro, Indoor Office environments are more suitable)

Summary
In this contribution, we discussed the deployment scenarios and evaluation methodology for NR duplex evolution. In addition, some initial evaluation results on subband non-overlapping full duplex were provided. From the discussion and evaluation, we obtained following proposals and observations.

Observation 1: Downlink throughput performance degradation of SBFD compared to TDD is observed.
· In Indoor Office case, the tendency of downlink throughput performance degradation of SBFD to TDD is reduced compared to Urban Macro case. 
· In small packet size case, the tendency of downlink throughput performance degradation of SBFD to TDD is reduced compared to large packet size case. 
· RU impacts the degradation tendency of downlink throughput performance from SBFD to TDD. A small packet size case shows less degradation as RU decreases, while a large packet size case shows less degradation as RU increases. 
· When using small packet size in Indoor Office deployment case with low RU, there is little or no difference in downlink performance between SBFD and TDD, despite the fact that SBFD has a characteristic of lacking downlink resources compared to TDD.

Observation 2: Uplink throughput performance improvement of SBFD compared to TDD is observed.
· Both Indoor Office and Urban Macro cases show performance gain of SBFD compared to TDD in terms of uplink throughput performance. The improvement in uplink throughput performance is more significant in the Indoor Office case than in the Urban Macro case.
· The improvement of uplink throughput performance of SBFD to TDD in small packet size case outperforms that of large packet size case. 
· Uplink throughput performance improvement of SBFD to TDD with small packet size case in both deployment case, as lower the RU the more performance improvement could be observed.
· When using small packet size in Indoor Office deployment case with low RU, there is over 200% improvement in uplink performance between SBFD and TDD, because of the fact that SBFD has a characteristic of having more uplink resources compared to TDD.

Observation 3: SBFD operation is beneficial compared to TDD operation. Specifically, considering factors such as deployment scenarios, packet size, and resource utilization, the following environments are more suitable for SBFD operation compared to TDD.
· Environments where the improvement of uplink performance compared to the degradation of downlink performance is required
· Environments with relatively low traffic load (operating with small packet sizes and low packet arrival rates)
· Environments with limited interference (compared to Urban Macro, Indoor Office environments are more suitable)
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Annex 1. Evaluation Assumption
Table 3. Evaluation assumption for Urban Macro
	Parameters
	Evaluation assumption

	Carrier Frequency
	FR1: 4GHz

	Layout
	Single layers:
- Macro layer: Hex. Grid, 7 BSs, 3 sectors per BS 
 
Min. distance btw macro-to-macro: 500m


	UE distribution
	210 UEs (10 UEs per BS)
UE clustering. 80% of indoor UEs, 20% of outdoor UEs

Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

Min. distance btw macro-to-UE: 35m


	System bandwidth/
Subcarrier spacing
	4GHz: 100MHz / 30kHz (273RBs)


	Tx power
	Macro Tx power: 53dBm
UE max. Tx power: 23dBm


	BS antenna configuration
	FR1: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ

	UE antenna configuration
	FR1: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = 0.5

	Large-scale channel parameters
	Below 6GHz:
- Macro-to-UE: UMa in TR 38.901
- Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
- UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).

	Traffic model
	FTP traffic model 3
 
Downlink: 4/500 KB/packet
Uplink: 1/125 KB/packet

	DL/UL resource pattern
	TDD: DDDSUDDDSU
SBFD: XXXXUXXXXU
 
UL/DL configuration in S slot
S=[12D:2G:0U]

DL and UL PRBs in X slot
- DL RB: 208 RBs
- UL RB: 55 RBs
- Guard RB: 10 RBs

	Resource pattern flexibility
	Static and common DL/UL resource pattern among cells

	ASIR for CLI
	SBFD: 
ASIR BS-BS: 42.5 dB
ASIR UE-UE: 28.2 dB

	Residual self-interference
	SBFD: 
Residual SI = Tx power - ASIR – SIC
- ASIR: 42.5 dB
- SIC: 80dB

	Packet dropping timer
	60 slots
(A packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer)

	Output
	DL/UL packet delay (slot)
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· Packet delay: slot index of packet transmission completion – slot index of packet generation
· Minimum packet delay: 1 slot

UE average/tail/median DL/UL packet throughput (Mbps)
· UE average DL/UL throughput: Harmonic mean of packet size / packet delay
· UE tail DL/UL throughput: 5%ile of packet size / packet delay
· UE median DL/UL throughput: 50%ile of packet size / packet delay

· Mean/5%/50%/95% Average-UPT: The mean/5%/50%/95% value of Average-UPTs for all users.
· Mean/5%/50%/95% Tail-UPT: The mean/5%/50%/95% value of Tail-UPTs for all users.
· Mean/5%/50%/95% Median-UPT: The mean/5%/50%/95% value of Median-UPTs for all users.



Table 4. Evaluation assumption for Indoor Office
	Parameters
	Evaluation assumption

	Carrier Frequency
	FR1: 4GHz

	Layout
	Single layers:
Indoor floor: (12BSs per 120m x 50m)
Min. distance btw macro-to-macro: 20m [TR 38.802 Table A.2.1-11]


	UE distribution
	120 UEs (10 UEs per BS)
No UE clustering, UE speed is 3km/h, UE height is 1.5m

Min. distance btw BS-to-UE: 0m [TR 38.802 Table A.2.1-11]


	System bandwidth/
Subcarrier spacing
	4GHz: 100MHz / 30kHz (273RBs)


	Tx power
	Indoor Tx power: 24dBm
UE max. Tx power: 23dBm


	BS antenna configuration
	FR1: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), (dH, dV) = (0.5, 0.5)λ

	UE antenna configuration
	FR1: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = 0.5

	Large-scale channel parameters
	Below 6GHz:
- TRP -to-UE: InH-Office in TR 38.901
- TRP -to- TRP: InH-Office in TR 38.901 (hUE =3m)
- UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)


	Traffic model
	FTP traffic model 3

Downlink: 4/500 KB/packet
Uplink: 1/125 KB/packet

	DL/UL resource pattern
	TDD: DDDSUDDDSU
SBFD: XXXXUXXXXU
 
UL/DL configuration in S slot
S=[12D:2G:0U]

DL and UL PRBs in X slot
- DL RB: 208 RBs
- UL RB: 55 RBs
- Guard RB: 10 RBs

	Resource pattern flexibility
	Static and common DL/UL resource pattern among cells

	ASIR for CLI
	SBFD: 
ASIR BS-BS: 42.5 dB
ASIR UE-UE: 28.2 dB

	Residual self-interference
	SBFD: 
Residual SI = Tx power - ASIR – SIC
- ASIR: 42.5 dB
- SIC: 80dB

	Packet dropping timer
	60 slots
(A packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer)

	Output
	DL/UL packet delay (slot)
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· Packet delay: slot index of packet transmission completion – slot index of packet generation
· Minimum packet delay: 1 slot

UE average/tail/median DL/UL packet throughput (Mbps)
· UE average DL/UL throughput: Harmonic mean of packet size / packet delay
· UE tail DL/UL throughput: 5%ile of packet size / packet delay
· UE median DL/UL throughput: 50%ile of packet size / packet delay

· Mean/5%/50%/95% Average-UPT: The mean/5%/50%/95% value of Average-UPTs for all users.
· Mean/5%/50%/95% Tail-UPT: The mean/5%/50%/95% value of Tail-UPTs for all users.
· Mean/5%/50%/95% Median-UPT: The mean/5%/50%/95% value of Median-UPTs for all users.



Annex 2. Evaluation Results of Urban Macro
1. Small packet size
Table 5. DL and UL Resource Utilization of HD TDD and SBFD 
in Urban Macro (DL: 4KB, UL: 1KB)
	
	RU Type1
	RU Type2

	
	DL
	UL
	DL
	UL

	TDD_Low_RU
	2.6 
	0.7 
	10.2 
	10.9 

	TDD_Medium_RU
	5.1 
	1.4 
	20.0 
	20.8 

	TDD_High_RU
	13.4 
	4.3 
	52.1 
	64.7 

	SBFD_Low_RU
	2.6 
	0.4 
	12.8 
	3.0 

	SBFD_Medium_RU
	5.0 
	0.7 
	24.4 
	5.7 

	SBFD_High_RU
	12.3 
	2.8 
	60.5 
	23.4 


	
[image: ] 
		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	41.97
	50.02
	55.86
	49.3 

	TDD_Medium_RU
	39.11
	47.24
	52.51
	46.3 

	TDD_High_RU
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	33.97
	44.68
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	47.13
	55.04
	41.9 

	SBFD_Medium_RU
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	42.11
	51.06
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	3.92
	19.23
	40.86
	20.0 





(a) UE average DL throughput (Mbps)
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		UE average UL throughput (Mbps)
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	14.77
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	2.31
	8.34
	3.1 





(b) UE average UL throughput (Mbps)
Figure 6. DL and UL average throughput performance of HD TDD and SBFD
 in Urban Macro (DL: 4KB, UL: 1KB)
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		UE median DL throughput (Mbps)
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(a) UE median DL throughput (Mbps)
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		UE median UL throughput (Mbps)
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(b) UE median UL throughput (Mbps)
Figure 7. DL and UL median throughput performance of HD TDD and SBFD
 in Urban Macro (DL: 4KB, UL: 1KB)
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		UE tail DL throughput (Mbps)
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(a) UE tail DL throughput (Mbps)
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		UE tail UL throughput (Mbps)
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(b) UE tail UL throughput (Mbps)
Figure 8. DL and UL tail throughput performance of HD TDD and SBFD
 in Urban Macro (DL: 4KB, UL: 1KB)
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(a) DL packet latency (slot)
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		UL packet latency (slot)
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(b) UL packet latency (slot)
Figure 9. DL and UL latency performance of HD TDD and SBFD
 in Urban Macro (DL: 4KB, UL: 1KB)

1. 
2. Large packet size 
Table 6. DL and UL Resource Utilization of HD TDD and SBFD 
in Urban Macro (DL: 0.5MB, UL: 0.125MB)
	
	RU Type1
	RU Type2

	
	DL
	UL
	DL
	UL

	TDD_Low_RU
	2.4 
	1.1 
	9.4 
	15.8 

	TDD_Medium_RU
	5.5 
	2.6 
	21.5 
	39.7 

	TDD_High_RU
	14.7 
	4.0 
	57.1 
	60.6 

	SBFD_Low_RU
	3.2 
	0.8 
	15.8 
	6.8 

	SBFD_Medium_RU
	7.1 
	2.3 
	35.1 
	19.0 

	SBFD_High_RU
	14.6 
	3.7 
	72.0 
	30.5 
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		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	179.65
	457.14
	666.67
	452.6 
	1.7 
	11.7 
	8.5 

	TDD_Medium_RU
	150.94
	366.97
	627.45
	376.0 
	4.2 
	26.5 
	20.8 

	TDD_High_RU
	124.83
	205.28
	354.80
	220.0 
	9.3 
	65.7 
	46.3 

	SBFD_Low_RU
	112.68
	272.73
	500.00
	291.7 
	0.7 
	12.8 
	2.2 

	SBFD_Medium _RU
	102.56
	205.13
	444.44
	228.2 
	2.0 
	28.7 
	6.1 

	SBFD_High_RU
	98.36
	142.49
	228.57
	150.4 
	5.8 
	59.8 
	18.0 





(a) UE average DL throughput (Mbps)
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		UE average UL throughput (Mbps)
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	TDD_Low_RU
	22.61
	32.52
	53.44
	35.0 

	TDD_Medium_RU
	22.56
	30.86
	50.00
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	TDD_High_RU
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	29.41
	43.50
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	24.26
	51.95
	90.91
	54.2 

	SBFD_Medium _RU
	22.72
	41.96
	75.47
	44.7 

	SBFD_High_RU
	22.82
	33.97
	54.79
	35.8 





(b) UE average UL throughput (Mbps)
Figure 10. DL and UL average throughput performance of HD TDD and SBFD
 in Urban Macro (DL: 0.5MB, UL: 0.125MB)
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(a) UE median DL throughput (Mbps)
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		UE median UL throughput (Mbps)
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	38.46
	68.97
	41.3 





(b) UE median UL throughput (Mbps)
Figure 11. DL and UL median throughput performance of HD TDD and SBFD
 in Urban Macro (DL: 0.5MB, UL: 0.125MB)
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(a) UE tail DL throughput (Mbps)
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		UE tail UL throughput (Mbps)
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(b) UE tail UL throughput (Mbps)
Figure 12. DL and UL tail throughput performance of HD TDD and SBFD
 in Urban Macro (DL: 0.5MB, UL: 0.125MB)
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(a) DL packet latency (slot)
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		UL packet latency (slot)
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(b) UL packet latency (slot)
Figure 13. DL and UL latency performance of HD TDD and SBFD
 in Urban Macro (DL: 0.5MB, UL: 0.125MB)

Annex 3. Evaluation Results of Indoor Office
1. Small packet size

Table 7. DL and UL Resource Utilization of HD TDD and SBFD 
in Indoor Office (DL: 4KB, UL: 1KB)
	
	RU Type1
	RU Type2

	
	DL
	UL
	DL
	UL

	TDD_Low_RU
	7.7 
	2.0 
	10.0 
	10.1 

	TDD_Medium_RU
	15.3 
	4.0 
	19.8 
	19.9 

	TDD_High_RU
	42.0 
	10.9 
	54.4 
	54.5 

	SBFD_Low_RU
	6.0 
	0.4 
	9.8 
	1.2 

	SBFD_Medium_RU
	11.9 
	0.9 
	19.6 
	2.5 

	SBFD_High_RU
	35.5 
	3.1 
	58.3 
	0. 
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		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	45.63
	50.10
	54.21
	50.1 

	TDD_Medium_RU
	40.60
	46.84
	51.51
	46.5 

	TDD_High_RU
	15.99
	28.12
	41.59
	28.2 

	SBFD_Low_RU
	44.00
	49.63
	54.16
	49.5 

	SBFD_Medium_RU
	37.39
	45.56
	51.32
	45.0 

	SBFD_High_RU
	3.57
	21.72
	41.43
	21.9 





(a) UE average DL throughput (Mbps)
	 [image: ]
		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	4.00
	4.87
	6.10
	4.9 

	TDD_Medium_RU
	3.62
	4.44
	5.33
	4.4 

	TDD_High_RU
	1.54
	2.51
	3.77
	2.5 

	SBFD_Low_RU
	13.04
	15.27
	16.00
	15.1 

	SBFD_Medium_RU
	11.71
	14.19
	16.00
	14.0 

	SBFD_High_RU
	6.89
	9.76
	14.00
	10.1 





(b) UE average UL throughput (Mbps)
Figure 14. DL and UL average throughput performance of HD TDD and SBFD
 in Indoor Office (DL: 4KB, UL: 1KB)
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		UE median DL throughput (Mbps)
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	TDD_Low_RU
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	64.00
	64.0 

	TDD_Medium_RU
	64.00
	64.00
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	63.9 

	TDD_High_RU
	21.33
	32.00
	64.00
	36.4 
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	64.00
	64.00
	64.00
	64.0 

	SBFD_Medium_RU
	64.00
	64.00
	64.00
	62.7 

	SBFD_High_RU
	3.37
	32.00
	64.00
	29.2 





(a) UE median DL throughput (Mbps)
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		UE median UL throughput (Mbps)
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	TDD_Low_RU
	4.00
	5.33
	8.00
	5.5 

	TDD_Medium_RU
	4.00
	5.33
	6.67
	4.9 

	TDD_High_RU
	1.78
	3.20
	4.00
	3.1 

	SBFD_Low_RU
	16.00
	16.00
	16.00
	16.0 

	SBFD_Medium_RU
	16.00
	16.00
	16.00
	16.0 

	SBFD_High_RU
	8.00
	12.00
	16.00
	12.0 





(b) UE median UL throughput (Mbps)
Figure 15. DL and UL median throughput performance of HD TDD and SBFD
 in Indoor Office (DL: 4KB, UL: 1KB)
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		UE tail DL throughput (Mbps)
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	95%
	Mean

	TDD_Low_RU
	21.33
	32.00
	32.00
	30.8 

	TDD_Medium_RU
	21.33
	21.33
	32.00
	26.5 

	TDD_High_RU
	6.40
	12.80
	21.33
	12.7 

	SBFD_Low_RU
	21.33
	32.00
	32.00
	30.1 

	SBFD_Medium _RU
	21.33
	21.33
	32.00
	25.3 

	SBFD_High_RU
	2.21
	9.14
	21.33
	9.6 





(a) UE tail DL throughput (Mbps)
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		UE tail UL throughput (Mbps)
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	TDD_Low_RU
	1.78
	3.20
	3.20
	2.7 

	TDD_Medium_RU
	1.60
	2.14
	3.20
	2.2 

	TDD_High_RU
	0.64
	1.00
	1.78
	1.0 

	SBFD_Low_RU
	8.00
	16.00
	16.00
	12.2 

	SBFD_Medium _RU
	5.33
	8.00
	16.00
	9.6 

	SBFD_High_RU
	3.20
	5.33
	8.00
	5.6 





(b) UE tail UL throughput (Mbps)
Figure 16. DL and UL tail throughput performance of HD TDD and SBFD
 in Indoor Office (DL: 4KB, UL: 1KB)
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		DL packet latency (slot)
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	0.6 
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	0.7 
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	0.50
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	3.00
	1.1 
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	0.50
	0.50
	1.00
	0.7 

	SBFD_Medium _RU
	0.50
	0.50
	1.50
	0.7 

	SBFD_High_RU
	0.50
	1.00
	8.50
	2.1 





(a) DL packet latency (slot)
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		UL packet latency (slot)

	　
	5%
	50%
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	0.50
	1.50
	3.00
	1.6 

	TDD_Medium_RU
	0.50
	1.50
	4.00
	1.8 

	TDD_High_RU
	0.50
	2.50
	9.50
	3.4 

	SBFD_Low_RU
	0.50
	0.50
	1.00
	0.5 

	SBFD_Medium _RU
	0.50
	0.50
	1.00
	0.6 

	SBFD_High_RU
	0.50
	0.50
	1.50
	0.8 





(b) UL packet latency (slot)
Figure 17. DL and UL latency performance of HD TDD and SBFD
 in Indoor Office (DL: 4KB, UL: 1KB)

2. Large packet size 

Table 8. DL and UL Resource Utilization of HD TDD and SBFD 
in Indoor Office (DL: 0.5MB, UL: 0.125MB)
	
	RU Type1
	RU Type2

	
	DL
	UL
	DL
	UL

	TDD_Low_RU
	6.4 
	2.0 
	8.3 
	9.8 

	TDD_Medium_RU
	17.7 
	5.2 
	23.0 
	25.8 

	TDD_High_RU
	44.7 
	11.6 
	57.9 
	57.9 

	SBFD_Low_RU
	6.6 
	1.0 
	10.9 
	2.8 

	SBFD_Medium_RU
	16.0 
	3.8 
	26.2 
	10.4 

	SBFD_High_RU
	34.4 
	10.7 
	56.4 
	29.6 
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		UE average DL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	231.95
	400.00
	652.62
	422.2 
	1.7 
	11.7 
	8.5 

	TDD_Medium_RU
	183.21
	280.70
	460.30
	295.0 
	4.2 
	26.5 
	20.8 

	TDD_High_RU
	142.86
	178.66
	280.14
	192.7 
	9.3 
	65.7 
	46.3 

	SBFD_Low_RU
	190.48
	313.73
	500.00
	327.3 
	0.7 
	12.8 
	2.2 

	SBFD_Medium _RU
	153.85
	229.67
	391.38
	246.8 
	2.0 
	28.7 
	6.1 

	SBFD_High_RU
	141.51
	170.21
	275.86
	183.4 
	5.8 
	59.8 
	18.0 





(a) UE average DL throughput (Mbps)
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		UE average UL throughput (Mbps)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	39.22
	51.95
	64.52
	52.3 

	TDD_Medium_RU
	37.04
	45.11
	55.56
	45.6 

	TDD_High_RU
	34.08
	39.60
	47.62
	40.0 

	SBFD_Low_RU
	60.61
	93.02
	133.33
	94.4 

	SBFD_Medium _RU
	46.22
	59.70
	86.96
	62.5 

	SBFD_High_RU
	35.71
	42.55
	53.22
	43.2 





(b) UE average UL throughput (Mbps)
Figure 18. DL and UL average throughput performance of HD TDD and SBFD
 in Indoor Office (DL: 0.5MB, UL: 0.125MB)
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	TDD_Low_RU
	242.42
	615.38
	280.14
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(a) UE median DL throughput (Mbps)
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		UE median UL throughput (Mbps)
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	68.97
	55.5 
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	48.9 
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	52.63
	41.5 
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	66.67
	105.56
	142.86
	105.9 

	SBFD_Medium _RU
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	67.29
	105.26
	70.9 

	SBFD_High_RU
	35.09
	43.48
	60.08
	45.6 





(b) UE median UL throughput (Mbps)
Figure 19. DL and UL median throughput performance of HD TDD and SBFD
 in Indoor Office (DL: 0.5MB, UL: 0.125MB)
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		UE tail DL throughput (Mbps)
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(a) UE tail DL throughput (Mbps)
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		UE tail UL throughput (Mbps)
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	40.0 
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	36.7 





(b) UE tail UL throughput (Mbps)
Figure 20. DL and UL tail throughput performance of HD TDD and SBFD
 in Indoor Office (DL: 0.5MB, UL: 0.125MB)

	 [image: ]
		DL packet latency (slot)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	6.00
	7.50
	23.50
	10.5 

	TDD_Medium_RU
	6.00
	13.00
	27.50
	14.4 

	TDD_High_RU
	9.00
	20.50
	29.00
	20.0 

	SBFD_Low_RU
	8.00
	11.00
	26.50
	13.3 

	SBFD_Medium _RU
	8.00
	17.00
	28.00
	17.3 

	SBFD_High_RU
	11.00
	22.50
	29.00
	21.5 





(a) DL packet latency (slot)
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		UL packet latency (slot)

	　
	5%
	50%
	95%
	Mean

	TDD_Low_RU
	15.00
	18.50
	27.50
	19.6 

	TDD_Medium_RU
	15.53
	22.00
	29.00
	22.0 

	TDD_High_RU
	18.00
	25.50
	29.50
	24.8 

	SBFD_Low_RU
	7.00
	10.00
	19.98
	11.2 

	SBFD_Medium _RU
	8.50
	16.00
	27.00
	16.6 

	SBFD_High_RU
	14.50
	23.50
	29.00
	22.7 





(b) UL packet latency (slot)
Figure 21. DL and UL latency performance of HD TDD and SBFD
 in Indoor Office (DL: 0.5MB, UL: 0.125MB)
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