[bookmark: _Hlk122033632][bookmark: _Hlk117841894]3GPP TSG RAN WG1 #114			R1- 2307381
Toulouse, FR, Aug 21th – Aug 25th, 2023

Agenda item:	9.3.1
Source: 	Xiaomi
[bookmark: Title]Title:	Discussion on evaluation on NR duplex evolution
[bookmark: DocumentFor]Document for:	Discussion

Introduction
In RAN1#113 meeting, we further discussed remaining issues related to evaluation on NR duplex evolution [1]. In this contribution, we provide final SLS evaluation results and LLS evaluation results based on the current assumptions.
SLS evaluation results for SBFD Deployment Case 1 in FR1
In this section, we provide SLS evaluation results for SBFD Deployment Case 1 to investigate the performance gain offered by SBFD. The simulation is conducted based on the parameters agreed in RAN1. We also provide results for DL transmission in order to analyze the impacts on DL direction. 
We provide the SLS evaluation results for Urban Macro and InH in FR1. Urban Macro scenario with single layer is assumed wherein 20 UEs are dropped per sector. In each sector, two UE clusters are dropped and 8 UEs are uniformly distributed within each cluster. InH scenario with 12 TRPs is assumed wherein 10 UEs are dropped per TRP, and UEs are uniformly dropped in the building. More detailed simulation assumptions can be found in Appendix. Regarding the evaluation metrics, UL/DL user perceived throughput, UL/DL latency and UL/DL RU are used in the simulation. The aforementioned metrics are defined in previous meeting [1]. 
Basically, the following cases are simulated for Urban Macro (FR1) and InH (FR1) of Deployment Case 1.
· SBFD subband and slot configurations in FR1: 
· Bandwidth: 100MHz channel bandwidth and 30kHz SCS (273 PRB) for legacy TDD and SBFD
· Slot configuration:
· Legacy TDD: Legacy TDD with TDD UL-DL configuration DDDSU
· SBFD Alt 2 XXXXU: On top of DDDSU frame structure, the first four slots are SBFD slot with < ND, NU, NG > = <104, 55, 5>, where ND, NU, NG are RB number for DL subband, UL subband and guard band, respectively
· SBFD Alt 4 XXXXX: On top of DDDSU frame structure, all slots are SBFD slot with < ND, NU, NG > = <104, 55, 5>, where ND, NU, NG are RB number for DL subband, UL subband and guard band, respectively
· Traffic model:
· General: Each UE is assigned with both UL traffic and DL traffic
· DL/UL FTP packet size in traffic model:
· Asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL
· Asymmetric packet size with 0.5Mbytes for DL and 0.125 Mbytes for UL
· DL/UL traffic load in traffic model:
· {DL: UL} = {Low, Low}
· {DL: UL} = {Medium, Medium}
· {DL: UL} = {High, High}
· Interference modelling:
· Legacy interferences are modelled
· Cross-link interferences
· gNB self-interference is modelled as 1dB receiver sensitivity degradation
· Co-site inter-sector gNB-gNB co-channel inter-subband CLI is modelled
· Inter-site gNB-gNB co-channel inter-subband CLI is modelled
· UE-UE co-channel inter-subband CLI is modelled
· The piece wise noise figure model for BS is modelled
· Channel model:
· gNB-UE channel is modelled with both large fading and fast fading
· gNB-gNB channel is modelled with both large fading and fast fading
· UE-UE channel is modelled with only large fading
· Other simulation parameters can be found in Appendix
Urban Macro (FR1)
In this section, the evaluation results for Urban Macro scenario are provided which take different assumptions into account.
Summary for representative sub-cases
In order to have comprehensive understanding on SBFD operation, we select the following sub-cases for analyses. The key assumptions are provided in Table 1.
[bookmark: _Ref142572357]Table 1 Representative sub-cases selected for Urban Macro in FR1 in SBFD Deployment Case 1.
	Sub-cases
Key assumptions
	#1-3
	#4-6
	#13-15
	#16-18

	[bookmark: OLE_LINK1]Co-site inter-sector CLI modelling
	Option 1: 75dB
Option 4: 110dB
	Option 4
	Option 4
	Option 4
	Option 4

	ICS
	Option 1: 62dB
Option 2: 46dB
	Option 1
	Option 1
	Option 1
	Option 1

	SBFD slot configuration
	Alt-2: {DDDSU} vs. {XXXXU}
Alt-4: {DDDSU} vs. {XXXXX}
	Alt-2
	Alt-2
	Alt-4
	Alt-4

	Packet Size
	Option 1: DL: 4Kbytes, UL: 1Kbyte
Option 2: DL: 0.5Mbytes, UL: 0.125Mbyte
	Option 2
	Option 1
	Option 2
	Option 1

	Traffic load
	Option 1: {DL:UL}={Low, Low}
Option 2: {DL:UL}={Medium, Medium}
Option 3: {DL:UL}={High, High}
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3



The sub-cases are selected to analyze the influence on performance from different traffic load, CLI suppression capability, SBFD slot configuration, packet size, etc. 
· [bookmark: _Hlk142054252]Sub-cases #1-3: Based on the comparison between sub-cases, we can have some insights on how traffic load impacts the application of SBFD technology if large packet is employed
· For sub-cases #1-3, high CLI suppression capability is assumed, i.e., 110 dB (option 4) CLI suppression between two sectors belong to the co-sited gNB and 62 dB(option1) ICS are adopted
· Sub-cases #4-6: Based on the comparison between sub-cases, we can have some insights on how traffic load impacts the application of SBFD technology if small packet is employed
· For sub-cases #4-6, high CLI suppression capability is assumed, i.e., 110 dB (option 4) CLI suppression between two sectors belong to the co-sited gNB and 62 dB(option1) ICS are adopted
· Sub-cases #1-3 and #13-15: Based on the comparison among three sets of sub-cases, we can have some insights on how different SBFD configurations impact the application of SBFD technology if large packet is employed
· Sub-cases #4-6 and #16-18: Based on the comparison among three sets of sub-cases, we can have some insights on how different SBFD configurations impact the application of SBFD technology if small packet is employed
Interference analysis
Asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL is are assumed. The evaluation results for legacy TDD (left) and SBFD (right) in Urban Macro scenario are illustrated in Figure 1 and Figure 2. The legend for each curve is illustrated respectively as below.
For UL:
· Legacy INR: Legacy UL interference to noise ratio
· Inter-site gNB-gNB CLI/N: Inter-site gNB-gNB co-channel inter-subband CLI to noise ratio
· Co-site gNB-gNB CLI/N: Co-site gNB-gNB co-channel inter-subband CLI to noise ratio
· SI/N: Self-interference to noise ratio 
· All INR: All interferences in UL to noise ratio 
· SNR: UL signal to noise ratio
For DL:
· Legacy INR: Legacy DL interference to noise ratio
· UE-UE CLI (leakage)/N: Leakage part of UE-UE co-channel inter-subband CLI to noise ratio
· UE-UE CLI (selectivity)/N: Selectivity part of UE-UE co-channel inter-subband CLI to noise ratio
· All INR: All interferences in DL to noise ratio 
· SNR: DL signal to noise ratio

For high CLI suppression capability (sub-cases #1-3), it can be observed that:
· Dominated interference in UL is inter-site gNB-gNB co-channel inter-subband CLI. Legacy UL interference, co-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in low, medium and high RU.
· Dominated interference in DL is UE-UE co-channel inter-subband CLI. Legacy DL interference can be ignored in low, medium and high RU.
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(a) Low RU for legacy TDD and SBFD
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(b) Medium RU for legacy TDD and SBFD
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(c) High RU for legacy TDD and SBFD
[bookmark: _Ref135039621]Figure 1 UL interference analysis for Urban Macro scenario in case of using SBFD Alt 2.
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(a) Low RU for legacy TDD and SBFD
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(b) Medium RU for legacy TDD and SBFD
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(c) High RU for legacy TDD and SBFD
[bookmark: _Ref135039828]Figure 2 DL interference analysis for Urban Macro scenario in case of using SBFD Alt 2.

Observation 1: In Urban Macro scenario, the following observations can be obtained for UL and DL interference
· Dominated interference in UL is inter-site gNB-gNB co-channel inter-subband CLI. Legacy UL interference, co-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in low, medium and high RU.
· Dominated interference in DL is UE-UE co-channel inter-subband CLI. Legacy DL interference can be ignored in low, medium and high RU.
Total received power at gNB side
In duplex evaluation, the BS noise figure is modelled as piece wise linear based on the total received power. The linear value of total received power is the linear sum of all received power, including wanted signal, co-channel, self-interference, co-channel inter-site gNB-gNB interference and co-channel co-site gNB-gNB interference in Urban Macro scenario.
It can be observed that:
· Despite of the assumed spatial isolation and digital isolation in CLI suppression capability, the total received power at gNB side is almost always is lower than -25dBm in urban Macro scenario. Only if medium or high RU is assumed, there is around 1% probability that the total received power at gNB side is higher than -25 dBm. In the other words, blockage at gNB side rarely occurs due to SBFD operation, which can be ignored in the real world.
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Figure 3 Total received power at gNB side in case of using SBFD Alt 2.
Observation 2: Despite of the assumed spatial isolation and digital isolation in CLI suppression capability, the following observations can be obtained for piece wise BS noise figure in Urban Macro scenario
· The total received power at side is higher than -25dBm with probability of 1% for medium and high RU. Receiver is rarely blocked due to SBFD operation.

Additional solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI is not essential for Urban Macro gNB to avoid receiver blocking.
UL and DL UPT
In this section, we provide results of average-UPT for DL and UL respectively. The definition is shown as below.
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
In order to reflect the traffic load in real world, we also provide results corresponding to different RU. The RU is determined by the baseline legacy TDD.

The results of sub-cases #1-3, #4-6, #13-15 and #16-18 are as below. High CLI suppression capability is assumed in the simulation. Impacts from different traffic load and SBFD configurations to the performance of SBFD operation with large packet and small packet can be obtained.
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Figure 4 UL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 5 UL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 6 DL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 7 DL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.

Based on the simulation results, we can have the following observations for SBFD when compared with legacy TDD.
In case of using SBFD Alt 2 and large packet/small packet
· For UL Average-UPT
· UL Average-UPT is improved with introducing of UL subband in SBFD slots. The reason is as below.
· SBFD Alt 2 has more UL resources than legacy TDD.
· SBFD Alt 2 has more UL transmission opportunities than legacy TDD.
· The improvement of UL Average-UPT for small packet is greater than that of large packet. The reason is as below.
· Considering that small packet can be transmitted in one UL or SBFD slot, UL Average-UPT for small packet is mainly determined by the UL transmission opportunities. UL Average-UPT for large packet is mainly determined by the UL resources since multiple slots are needed for large packet transmission. UL Average-UPT for large packed is also determined by the UL transmission opportunities to a certain extent in low RU. The increase of UL transmission opportunities is much more than that of UL resources in SBFD Alt 2 when compared with legacy TDD. 
· With increased transmission occasion for cell edge UEs, 5% UL Average-UPT for SBFD increases significantly.
· For cell centre UEs, the SINR decreases slightly as desired signal is strong enough when compared to inter-site gNB-gNB co-channel inter-subband CLI. 
· Large packet: 95% UL Average-UPT of SBFD increases in the range of 81.61%~83.88%, which is close to the UL resource increase ratio 80%.
· Small packet: 95% UL Average-UPT of SBFD increases in the range of 91.93%~134.49%, which greater than the UL resource increase ratio 80%.
· For DL Average-UPT
· DL Average-UPT decreases once UL subband is configured in SBFD slots, no matter which kind of RU is used. The reasons are as below.
· SBFD Alt 2 has less DL resources than legacy TDD.
· SBFD Alt 2 has larger legacy DL interference than legacy TDD.
· UE-UE co-channel inter-subband CLI in SBFD Alt 2 is strong.
· The reduction of DL Average-UPT for small packet is smaller than that of large packet in low and medium RU. The reduction of DL Average-UPT for small packet is similar with that of large packet in high RU. The reasons are as below.
· Considering that small packet can be transmitted in one DL or SBFD slot, DL Average-UPT for small packet is mainly determined by the DL transmission opportunities in low and medium RU. Considering that the number of small packets is large in high RU, small packet might be delayed on account of no available DL resources. Thus, DL Average-UPT for small packet is mainly determined by the DL resources in high RU. 
· DL Average-UPT for large packet is mainly determined by the DL resources since multiple slots are needed for large packet transmission. 
· Besides, the DL Average-UPT is also determined by DL interference in SBFD Alt 2 and legacy TDD, no matter which kind of RU is used. The DL interference in SBFD Alt 2 is larger than that of legacy TDD.
· The DL transmission opportunities of SBFD Alt 2 is same with legacy TDD and DL resources of SBFD Alt 2 decreases 20% when compared with legacy TDD.
· For cell edge UEs, the SINR decreases remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. As a result, 5% DL Average-UPT of SBFD decreases significantly.
· For cell centre UEs, the SINR decreases slightly as desired signal is strong enough when compared to UE-UE co-channel inter-subband CLI. 
· Large packet: 95% DL Average-UPT of SBFD decreases in the range of 15.94%~19.16%, which is close to the DL resource reduction ratio 20%. The reason is as below.
· DL Average-UPT for large packet is mainly determined by the DL resources since multiple slots are needed for large packet transmission.
· Small packet: 95% DL Average-UPT of SBFD decreases in the range of 0.19%~0.69%. The reason is as below.
· DL Average-UPT for small packet is mainly determined by the DL transmission opportunities in low, medium and high RU.
· In ratio, improvement of UL performance is much more than the degradation of DL performance. The reasons are as below.
· Increase of UL resource (about 80%) is more significant than the degradation of DL resource (about 20%)
· SBFD Alt 2 has larger legacy DL interference than legacy TDD and UE-UE co-channel inter-subband CLI in SBFD Alt 2 is large.
· Inter-site gNB-gNB co-channel inter-subband CLI can be effectively handled by MMSE-IRC receiver at gNB side thanks to the numerous TxRUs.
In case of using SBFD Alt 4 and large packet/small packet
· For UL Average-UPT
· UL Average-UPT is improved with introducing of UL subband in SBFD slots due to more UL transmission opportunities.
· The improvement for small packet is greater than that of large packet. The reason is as below.
· Considering that small packet can be transmitted in one UL or SBFD slot, UL Average-UPT for small packet is mainly determined by the UL transmission opportunities. UL Average-UPT for large packet is mainly determined by the UL resources since multiple slots are needed for large packet transmission. UL Average-UPT for large packed is also determined by the UL transmission opportunities to a certain extent in low RU. The UL transmission opportunities of SBFD Alt 4 increases 400% and UL resources of SBFD Alt 4 are same with legacy TDD.
· For cell centre UEs, the SINR decreases slightly as desired signal is strong enough when compared to inter-site gNB-gNB co-channel inter-subband CLI. 
· Large packet: 95% UL Average-UPT of SBFD increases in the range of 2.3%~9.81%.
· Small packet: 95% UL Average-UPT of SBFD increases in the range of 91.76%~132.89%.
· For DL Average-UPT
· DL Average-UPT decreases when UL subband is configured in SBFD slots and DL subbands are configured in UL slots, no matter which kind of RU is used. The reason is as below.
· Although SBFD Alt 4 provides approximately same DL resources as legacy TDD, UE-UE co-channel inter-subband CLI is very strong.
· The reduction for small packet is smaller than that of large packet in low and medium RU. The reduction of DL Average-UPT for small packet is similar with that of large packet in high RU. The reasons are as below. 
· Considering that small packet can be transmitted in one DL or SBFD slot, DL Average-UPT for small packet is mainly determined by the DL transmission opportunities in low and medium RU. Considering that the number of small packets is large in high RU, small packet might be delayed on account of no available DL resources. Thus, DL Average-UPT for small packet is mainly determined by the DL resources in high RU. 
· DL Average-UPT for large packet is mainly determined by the DL resources since multiple slots are needed for large packet transmission. 
· Besides, the DL Average-UPT is also determined by DL interference in SBFD Alt 4 and legacy TDD, no matter which kind of RU is used. The DL interference in SBFD Alt 4 is larger than that of legacy TDD.
· The DL transmission opportunities of SBFD Alt 4 increases 20% and DL resources of SBFD Alt 4 is similar with legacy TDD.
· For cell edge UEs, the SINR decreases remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. As a result, 5% DL Average-UPT of SBFD decreases significantly.
· For cell centre UEs, the SINR decreases slightly as desired signal is strong enough when compared to UE-UE co-channel inter-subband CLI. As a result, 95% DL Average-UPT of SBFD slightly decreases for large packet and slightly increases for small packet.
· Large packet: 95% DL Average-UPT of SBFD decreases in the range of 5.35%~7.35%.
· Small packet: 95% DL Average-UPT of SBFD increases in the range of 8.59%~9.92% accounting for more DL transmission opportunities.
· For the ratio of improvement of UL performance and degradation of DL performance
· Large packet
· Improvement of UL performance is much greater than the degradation of DL performance in low RU since the UL transmission opportunities of SBFD Alt 4 is more than that of legacy TDD. UL Average-UPT for large packed is determined by the UL transmission opportunities to a certain extent in low RU.
· Improvement of UL performance is smaller than the degradation of DL performance in medium and high RU since UL Average-UPT for large packet is mainly determined by the UL resources in medium and high RU. UL Average-UPT of SBFD Alt 4 is similar with that of legacy TDD in medium and high RU. 
· Small packet
· Improvement of UL performance is much greater than the degradation of DL performance. The reason is that UL transmission opportunities of SBFD Alt 4 is more than that of legacy TDD and UL Average-UPT for small packet is mainly determined by the UL transmission opportunities. 

Observation 3: In Urban Macro scenario, the following obervations can be obtained for DL/UL Average-UPT of SBFD compared with legacy TDD:
· For UL Average-UPT
· UL Average-UPT of SBFD Alt 2 and SBFD Alt 4 increases compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL Average-UPT for small packet is greater than that of large packet.
· The improvement of UL Average-UPT for SBFD Alt 2 is greater than that of SBFD Alt 4 for large and small packet.
· For DL Average-UPT
· DL Average-UPT of SBFD Alt 2 and SBFD Alt 4 degrades compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and and SBFD Alt 4, the degradation of DL Average-UPT for small packet is smaller than that of large packet in low and medium RU, and the degradation of DL Average-UPT for small packet is similar with that of large packet in high RU. 
· The degradation of DL Average-UPT for SBFD Alt 2 is greater than that of SBFD Alt 4 for large and small packet.
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2, improvement of UL performance is more significant than the degradation of DL performance for large and small packet.
· For SBFD Alt 4,
· Large packet
· Improvement of UL performance is more significant than the degradation of DL performance in low RU.
· Improvement of UL performance is less significant than the degradation of DL performance in medium and high RU.
· Small packet
· Improvement of UL performance is more significant than the degradation of DL performance. 

UL and DL latency
In this section, we provide results DL and UL respectively. The definition of packet-latency CDF is shown below.
· Option 1: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
· 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.

The results of #1-3, #4-6, #13-15 and #16-18 are as below. High CLI suppression capability is assumed in the simulation. Impacts from different traffic load and SBFD configurations to the performance of SBFD operation with large packet and small packet can be observed.
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Figure 8 UL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 9 UL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 10 DL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 11 DL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.

Based on the simulation results, we can have the following observations for SBFD when compared with legacy TDD.
In case of using SBFD Alt 2 and large packet/small packet
· For UL latency
· UL latency decreases with introducing of UL subband in SBFD slot. The reason is as below.
· SBFD Alt 2 has more UL resources than legacy TDD.
· SBFD Alt 2 has more UL transmission opportunities than legacy TDD.
· Ratios of UL latency reduction for small packet and large packet are similar.
· With increased transmission occasion for cell edge UEs, 95% UL latency for SBFD reduces significantly.
· Large packet: 95% UL latency of SBFD decreases in the range of 62.66%~75.18%.
· Small packet: 95% UL latency of SBFD decreases in the range of 61.02%~69.01%.
· [bookmark: _Hlk134793457]For DL latency
· DL latency increases once UL subband is configured in SBFD slots, no matter which kind of RU is used. The reasons are as below.
· SBFD Alt 2 has less DL resources than legacy TDD.
· SBFD Alt 2 has larger legacy DL interference than legacy TDD.
· UE-UE co-channel inter-subband CLI in SBFD Alt 2 is strong.
· Ratio of DL latency increasement for small packet is larger than that of large packet.
· For cell edge UEs, the SINR decreases remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. 
· Large packet: 95% DL latency of SBFD increases in the range of 20.24%~210.82%.
· Small packet: 95% DL latency of SBFD increases in the range of 38.13%~373.03%.
· For cell centre UEs, the SINR decreases slightly as desired signal is strong enough when compared to UE-UE co-channel inter-subband CLI. 
· Large packet: 5% DL latency of SBFD increases in the range of 23.45%~24.24%, which is generally smaller than the increase of 95% DL latency of SBFD.
· Small packet: 5% DL latency of SBFD increases in the range of 1.85%~1.89%.
· For ratio of improvement of UL performance and degradation of DL performance
· For large packet and small packet, improvement of UL performance is more significant than the degradation of DL performance especially in low and medium RU. .

In case of using SBFD Alt 4 and large packet/small packet
· For UL latency
· UL latency decreases with introducing UL subband in SBFD slots. The reason is as below.
· SBFD Alt 4 has more UL resources than legacy TDD.
· Ratios of UL latency reduction for small packet and large packet are similar.
· With increased transmission occasion for cell edge UEs, 95% UL latency for SBFD decreases significantly.
· Large packet: 95% UL latency of SBFD decreases in the range of 50.50%~68.44%.
· Small packet: 95% UL latency of SBFD decreases in the range of 8.29%~68.45%.
· For DL latency
· DL latency in SBFD Alt 4 is similar with or larger than that of legacy TDD with introducing UL subband in SBFD slots. The reason is as below.
· UE-UE co-channel inter-subband CLI in SBFD Alt 4 is strong.
· Ratio of DL latency increasement for smaller packet size is larger than that of large packet.
· For cell edge UEs, the SINR decreases remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. 
· Large packet: 95% DL latency of SBFD increases in the range of -4.34%~137.85%.
· The DL latency decreases slightly in low RU due to more DL transmission opportunities and UE-UE co-channel inter-subband CLI in SBFD Alt 4 occurs rarely.
· Small packet: 95% DL latency of SBFD increases in the range of 29.50%~403.29%.
· For cell centre UEs, the SINR decreases slightly as desired signal is strong enough when compared to UE-UE co-channel inter-subband CLI. 
· Large packet: 5% DL latency of SBFD increases in the range of 0.00%~3.61%.
· Small packet: 5% DL latency of SBFD increases in the range of 0.00%~1.89%.
· For ratio of improvement of UL performance and degradation of DL performance
· For large packet and small packet, improvement of UL performance is more significant than the degradation of DL performance especially in low and medium RU.

Observation 4: In Urban Macro scenario, following observations can be obtained for DL/UL latency of SBFD compared with legacy TDD:
· For UL latency
· UL latency of SBFD Alt 2 and SBFD Alt 4 decreases compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL latency for small packet is similar with that of large packet.
· The improvement of UL latency for SBFD Alt 2 is more significant than that of SBFD Alt 4 for large and small packet.
· For DL latency
· For SBFD Alt 2, DL latency increases compared with legacy TDD for large and small packet.
· For SBFD Alt 4, DL latnecy is similar with that of legacy TDD in low RU for small packet and larger than that of legacy TDD in other cases.
· For SBFD Alt 2 and SBFD Alt 4, DL latency increasement for small packet is larger than that of large packet.
· DL latency increasement for SBFD Alt 2 and SBFD Alt 4
· Large packet: The increasement of DL latency for SBFD Alt 2 is greater than that of SBFD Alt 4.
· Small packet: The increasement of DL latency for SBFD Alt 2 is smaller than that of SBFD Alt 4.
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2 and SBFD Alt 4
· Large packet:
· Improvement of UL performance is more significant than the degradation of DL performance in low and medium RU. 
· Improvement of UL performance is less significant than the degradation of DL performance especially in high RU.
· Small packet: 
· Improvement of UL performance is more significant than the degradation of DL performance especially in low RU. 
· Improvement of UL performance is less significant than the degradation of DL performance especially in medium and high RU.
UL and DL RU
Based on the simulation results, the Type -2 DL and UL resource utilization at low, medium RU and high RU for large packet and small packet with high CLI suppression capability are summarized in Figure 12 and Figure 13, respectively.
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[bookmark: _Ref142572801]Figure 12 UL resource utilization for Urban Macro scenario with high CLI suppression capability in case of using SBFD Alt 2 and Alt 4.
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[bookmark: _Ref142572813]Figure 13 DL resource utilization for Urban Macro scenario with high CLI suppression capability in case of using SBFD Alt 2 and Alt 4.

Based on the simulation results, we can have the following observations:
· [bookmark: _Hlk142578955]UL RU
· SBFD Alt 2
· SBFD Alt 2 has smaller UL RU compared with legacy TDD for large packet and small packet. The decrease of UL resource utilization comes from more available UL resources in each SBFD slot.
· The ratios of reduction for small packet and large packet are similar.
· [bookmark: _Hlk142497039]SBFD Alt 4 
· SBFD Alt 4 has larger UL RU compared with legacy TDD for large packet and small packet. The reason is that SBFD Alt 4 and legacy TDD have similar UL resources and gNB-gNB co-channel inter-subband CLI dominates UL interference, more UL resources are needed to transmit same packet.
· The ratio of increase for small packet is smaller than that of large packet.
· DL RU
· SBFD Alt 2 
· SBFD Alt 2 has larger DL RU compared with legacy TDD for large packet and small packet. The increase of DL resource utilization comes from less available DL resources in each SBFD slot.
· The ratios of increase for small packet and large packet are similar.
· SBFD Alt 4
· SBFD Alt 4 has larger DL RU compared with legacy TDD for large packet and small packet. The reason is that SBFD Alt 4 and legacy TDD have similar UL resources and UE-UE co-channel inter-subband CLI dominates DL interference and DL UPT of SBFD Alt 4 is smaller than UL UPT.
· The ratio of increase for small packet is larger than that of large packet.

Observation 5: In Urban Macro scenario, following observations can be obtained:
· For UL RU
· UL RU of SBFD Alt 2 decreases and UL RU of SBFD Alt 4 increases for large and small packet.
· Reduction of UL RU for small packet and large packet are similar when using SBFD Alt 2. Increasement of UL RU for small packet is smaller than that of large packet when using SBFD Alt 4.
· For DL RU
· DL RU of SBFD Alt 2 and SBFD Alt 4 increases for large and small packet.
· Increasement of DL RU for small packet and large packet are similar when using SBFD Alt 2. Increasement of DL RU for small packet is larger than that of large packet when using SBFD Alt 4.
InH (FR1)
In this section, the evaluation results for InH scenario with different assumptions are provided.
Summary for representative sub-cases
In order to have comprehensive understanding on SBFD operation for InH scenario, we select the following sub- cases for analyses. Here we focus on SBFD Deployment Case 1, wherein FR1 is assumed. The key assumptions are provided in Table 2.
[bookmark: _Ref142572378]Table 2 Representative sub-cases selected for InH in FR1 in SBFD Deployment Case 1
	Sub-cases
Key assumptions
	#1-3
	#4-6
	#7-9
	#10-12
	#13-15
	#16-18

	ICS
	Option 1: 62dB
Option 2: 46dB
	Option 1
	Option 1
	Option 2
	Option 2
	Option 1
	Option 1

	SBFD slot configuration
	Alt-2: {DDDSU} vs. {XXXXU}
Alt-4: {DDDSU} vs. {XXXXX}
	Alt-2
	Alt-2
	Alt-2
	Alt-2
	Alt-4
	Alt-4

	Packet Size
	Option 1: DL: 4Kbytes, UL: 1Kbyte
Option 2: DL: 0.5Mbytes, UL: 0.125Mbyte
	Option 2
	Option 1
	Option 2
	Option 1
	Option 2
	Option 1

	Traffic load
	Option 1: {DL:UL}={Low, Low}
Option 2: {DL:UL}={Medium, Medium}
Option 3: {DL:UL}={High, High}
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3
	Option 1
Option 2
Option 3



Similar to Urban Macro scenario, the sub-cases are selected to analyze the on performance from different traffic load, CLI suppression capability, SBFD slot configuration, packet size, etc.
· Sub-cases #1-3: Based on the comparison between sub-cases, we can have some insights on how traffic load impacts the application of SBFD technology if large packet is employed
· Sub-cases #4-6: Based on the comparison between sub-cases, we can have some insights on how traffic load impacts the application of SBFD technology if small packet is employed
· Sub-cases #1-3 and #7-9: Based on the comparison between two sets of sub-cases, we can have some insights on how CLI suppression capability impacts the application of SBFD technology if large packet is employed.
· For sub-cases #1-3, high CLI suppression capability is assumed, i.e., 110 dB (option 4) CLI suppression between two sectors belong to the co-sited gNB and 62 dB(option1) ICS are adopted.
· For sub-cases #7-9, low CLI suppression capability is assumed, i.e., 75 dB (option 1) CLI suppression between two sectors belong to the co-sited gNB and 46 dB (option 2) ICS are adopted.
· Sub-cases #4-6 and #10-12: Based on the comparison between two sets of sub-cases, we can have some insights on how CLI suppression capability impacts the application of SBFD technology if large small size is employed.
· For sub-cases #4-6, high CLI suppression capability is assumed, i.e., 110 dB (option 4) CLI suppression between two sectors belong to the co-sited gNB and 62 dB(option1) ICS are adopted.
· For sub-cases #10-12, low CLI suppression capability is assumed, i.e., 75 dB (option 1) CLI suppression between two sectors belong to the co-sited gNB and 46 dB (option 2) ICS are adopted.
· Sub-cases #1-3 and #13-15: Based on the comparison among three sets of sub-cases, we can have some insights on how different SBFD configurations impact the application of SBFD technology if large packet is employed
· Sub-cases #4-6 and #16-18: Based on the comparison among three sets of sub-cases, we can have some insights on how different SBFD configurations impact the application of SBFD technology if small packet is employed
Interference analysis
Asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL is considered in interference analysis of SBFD Alt 2. The evaluation results for legacy TDD (left) and SBFD (right) in InH scenario are illustrated in Figure 14 and Figure 15. The legend for each curve is illustrated respectively as below.
For UL:
· Legacy INR: Legacy UL interference to noise ratio
· Inter-site gNB-gNB CLI/N: Inter-site gNB-gNB co-channel inter-subband CLI to noise ratio
· SI/N: Self-interference to noise ratio 
· All INR: All interference in UL to noise ratio 
· SNR: UL signal to noise ratio
For DL:
· Legacy INR: Legacy DL interference to noise ratio
· UE-UE CLI (leakage)/N: Leakage part of UE-UE co-channel inter-subband CLI to noise ratio
· UE-UE CLI (selectivity)/N: Selectivity part of UE-UE co-channel inter-subband CLI to noise ratio
· All INR: All interference in DL to noise ratio 
· SNR: DL signal to noise ratio

For gNB with high CLI suppression capability (sub-cases #1-3), and gNB with low CLI suppression capability (sub-cases#7-9) it can be observed that:
· [bookmark: _Hlk142581981]Inter-site gNB-gNB co-channel inter-subband CLI is larger than legacy UL interference in low, medium and high RU. Besides, the signal is much stronger than total interference in UL.
· Inter-site gNB-gNB co-channel inter-subband CLI in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU.
· Legacy DL interference dominates DL interference. UE-UE co-channel inter-subband CLI can be ignored in low, medium and high RU.
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(a) Low RU for legacy TDD and SBFD
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(b) Medium RU for legacy TDD and SBFD
[image: ][image: ]
(c) High RU for legacy TDD and SBFD
[bookmark: _Ref134712493]Figure 14 UL interference analysis for InH scenario in case of using SBFD Alt 2.
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(a) Low RU for legacy TDD and SBFD
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(b) Medium RU for legacy TDD and SBFD
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(c) High RU for legacy TDD and SBFD
[bookmark: _Ref135039856]Figure 15 DL interference analysis for InH scenario in case of using SBFD Alt 2.
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Figure 16 Inter-site gNB-gNB co-channel inter-subband CLI in InH with high CLI suppression capability and with low CLI suppression capability in case of using SBFD Alt 2.

Observation 6: In InH scenario, the following observations can be obtained for UL and DL interference.
· The signal is much stronger than total interference in UL, which means interference introduced by SBFD operation is negligible in InH scenario.
· Inter-site gNB-gNB co-channel inter-subband CLI in InH can be suppressed very well even with low CLI suppression capability.
· Legacy DL interference dominates DL interference and SBFD operation rarely impacts DL transmission.
Total received power at gNB side
For SLS of duplex evaluation in RAN1, the BS noise figure is modelled as piece wise linear based on the total received power. The linear value of total received power is the linear sum of all received power, including wanted signal, co-channel, self-interference, co-channel inter-site gNB-gNB interference in InH scenario.
It can be observed that:
· Despite of the assumed spatial isolation and digital isolation in CLI suppression capability, the total received power at gNB side is always smaller than -35dBm. Thus, the BS noise figure is always fixed to the minimum value 13dB.
[image: ]
Figure 17 Total received power at gNB side in case of using SBFD Alt 2.
[bookmark: _Hlk135043704]Observation 7: Despite of the assumed spatial isolation and digital isolation in CLI suppression capability, the following observations can be observed for piece wise BS noise figure in InH scenario.
· The total received power at gNB side is always smaller than -35dBm and BS noise figure is always fixed to the minimum value 13dB.

Additional solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI is not needed for InH gNB to avoid receiver blocking.
UL and DL UPT
In this section, we provide results of average-UPT for DL and UL respectively. The definition is shown as below.
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
In order to reflect the traffic load in real world, we also provide results corresponding to different RU. The RU is determined by the baseline legacy TDD.
The results of #1-3, #4-6, #13-15 and #16-18 are as below. High CLI suppression capability is considered in the simulation. Impacts from different traffic load and SBFD configurations to the performance of SBFD operation with large packet and small packet can be obtained.
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Figure 18 UL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 19 UL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 20 DL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 21 DL Average-UPT (mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.

Based on the simulation results, we can have the following observations for SBFD when compared with legacy TDD.
In case of using SBFD Alt 2 and large packet/small packet
· For UL Average-UPT
· UL Average-UPT is significantly improved with introducing of UL subband in SBFD slots. The reasons are as below.
· SBFD Alt 2 has more UL resources than legacy TDD.
· SBFD Alt 2 has more UL transmission opportunities than legacy TDD.
· Inter-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in low, medium and high RU when compared with legacy DL interference.
· The improvement of UL Average-UPT for small packet is greater than that of large packet. The reason is as below.
· Considering that small packet can be transmitted in one UL or SBFD slot, UL Average-UPT for small packet is mainly determined by the UL transmission opportunities. UL Average-UPT for large packet is mainly determined by the UL resources since multiple slots are needed for large packet transmission. The increase of UL transmission opportunities is much more than that of UL resources in SBFD Alt 2 when compared with legacy TDD.
· For DL Average-UPT
· DL Average-UPT decreases significantly in case of large packet, and DL Average-UPT is similar with legacy TDD in case of small packet.
· The reduction of DL Average-UPT for small packet is smaller than that of large packet. The reasons are as below.
· Large packet: DL UPT decreases significantly in the range of 18.02%~21.09%, which is close to the DL resource decrease ratio 20%. The reason is as below.
· Considering that UE-UE co-channel inter-subband CLI can be ignored when compared with legacy DL interference, the degradation of performance is caused by less available DL resources in each SBFD slot.
· Small packet: DL UPT increases 0.44% in low RU and decreases slightly in the range of 0.57%~5.41% in medium and high RU. The reason is as below.
· Considering that small packet can be transmitted in one DL or SBFD slot, DL Average-UPT for small packet is mainly determined by the DL transmission opportunities. The DL transmission opportunities of SBFD Alt 2 is same with legacy TDD.
· In ratio, improvement of UL performance is much more than the degradation of DL performance. 
In case of using SBFD Alt 4 and large packet/small packet
· For UL Average-UPT
· UL Average-UPT is similar with legacy TDD in case of large packet, and UL Average-UPT increases significantly in case of small packet.
· The improvement for small packet is greater than that of large packet. The reasons are as below.
· Large packet: UL UPT is improved slightly in the range of 4.99%~5.28% with introducing of UL subband in SBFD slots. The reason is as below.
· UL Average-UPT for large packet is mainly determined by the UL resources since multiple slots are needed for large packet transmission. UL Average-UPT for large packed is also determined by the UL transmission opportunities to a certain extent. The UL transmission opportunities of SBFD Alt 4 increases 400% and UL resources of SBFD Alt 4 are same with legacy TDD. Thus, the UL UPT of SBFD Alt 4 is slightly enhanced.
· Small packet: UL UPT is significantly improved in the range of 110.49%~150.35%. The reason is as below.
· Considering that small packet can be transmitted in one UL or SBFD slot, UL Average-UPT for small packet is mainly determined by the UL transmission opportunities. The UL transmission opportunities of SBFD Alt 4 increases 400%. Thus, UL UPT of SBFD Alt 4 is significantly enhanced.
· For DL Average-UPT
· DL Average-UPT is similar with legacy TDD in case of large packet, and DL Average-UPT increases significantly in case of small packet.
· The increase of DL Average-UPT for small packet is larger than that of large packet. The reasons are as below.
· Large packet: DL UPT increases slightly in the range of 2.06%~3.55%. The reason is as blow.
· DL Average-UPT for large packet is mainly determined by the DL resources since multiple slots are needed for large packet transmission. DL Average-UPT for large packed is also determined by the DL transmission opportunities to a certain extent. The DL transmission opportunities of SBFD Alt 4 increases 20% and DL resources of SBFD Alt 4 are same with legacy TDD. Thus, the DL UPT of SBFD Alt 4 is slightly enhanced.
· Small packet: DL UPT increases in the range of 9.53%~15.41%. The reason is as below.
· Considering that small packet can be transmitted in one DL or SBFD slot, DL Average-UPT for small packet is mainly determined by the DL transmission opportunities. The DL transmission opportunities of SBFD Alt 4 increases 20%. Thus, UL UPT of SBFD Alt 4 is significantly enhanced.
· In ratio, improvement of UL performance is much more than the degradation of DL performance. 

[bookmark: _Hlk135043715]Observation 8: In InH scenario, following observation can be obtained for DL/UL Average-UPT of SBFD compared with legacy TDD:
· For UL Average-UPT
· UL Average-UPT of SBFD Alt 2 increases compared with legacy TDD for large and small packet. UL Average-UPT of SBFD Alt 4 is similar with legacy TDD for large packet and is larger than legacy TDD for small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL Average-UPT for small packet is more significant than that of large packet.
· The improvement of UL Average-UPT for SBFD Alt 2 is more significant than that of SBFD Alt 4 for large packet. The improvement of UL Average-UPT for SBFD Alt 2 is similar with that of SBFD Alt 4 for small packet.
· For DL Average-UPT
· For SBFD Alt 2, DL Average-UPT decreases significantly for large packet and DL Average-UPT is similar with legacy TDD for small packet. For SBFD Alt 4, DL Average-UPT is similar with legacy TDD for large packet, and DL Average-UPT increases significantly for small packet.
· For SBFD Alt 2, the degradation of DL Average-UPT for small packet is less significant than that of large packet. 
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2, improvement of UL performance is more significant than the degradation of DL performance for large and small packet.
· For SBFD Alt 4, both UL performance and DL performance are improved.


When compared sub-cases #7-9 with sub-cases #1-3 and compared sub-cases #10-12 with sub-cases#4-6, it is obtained that UL Average-UPT and DL Average-UPT in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU for large packet and small packet. The reasons are as below. 
· Inter-site gNB-gNB co-channel inter-subband CLI in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU. 
· UL signal strength is much larger than inter-site gNB-gNB co-channel inter-subband CLI in low, medium and high RU.
For simplify, the results of sub-cases #7-9 and sub-cases #10-12 is not shown in this paper.

Observation 9: In InH scenario with high and low CLI suppression capability, following observation can be obtained for DL/UL Average-UPT of SBFD:
· UL Average-UPT and DL Average-UPT in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU, for both large packet and small packet.

UL and DL latency
In this section, we provide results DL and UL respectively. The definition of packet-latency CDF is shown below.
· Option 1: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
· 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.

The results of #1-3, #4-6, #13-15 and #16-18 are as below. High CLI suppression capability is considered in the simulation. Impacts from different traffic load and SBFD configurations to the performance of SBFD operation with large packet and small packet can be obtained.
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Figure 22 UL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 23 UL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 24 DL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL) in case of using SBFD Alt 2 and Alt 4.
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Figure 25 DL Packet-latency(mean/5%/50%/95%) assuming different target RU for legacy TDD (asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL) in case of using SBFD Alt 2 and Alt 4.

Based on the simulation results, we can have the following observations for SBFD when compared with legacy TDD.
In case of using SBFD Alt 2 and large packet/small packet
· For UL latency
· UL latency decreases significantly with introducing of UL subband in SBFD slots. The reasons are as below.
· SBFD Alt 2 has more UL resources than legacy TDD.
· SBFD Alt 2 has more UL transmission opportunities than legacy TDD.
· Inter-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in low, medium and high RU when compared with legacy DL interference.
· The improvement of UL latency for small packet is greater than that of large packet. The reason is as below.
· Considering that small packet can be transmitted in one UL or SBFD slot, UL latency for small packet is mainly determined by the UL transmission opportunities. UL latency for large packet is mainly determined by the UL resources since multiple slots are needed for large packet transmission. The UL transmission opportunities of SBFD Alt 2 increases 400% and UL resources of SBFD Alt 2 increases 80%.  The increase of UL transmission opportunities is much more than that of UL resources in SBFD Alt 2 when compared with legacy TDD.
· For DL latency
· DL latency increases significantly in case of large packet. For small packet, DL latency is similar with legacy TDD in low and medium RU, and increases in high RU.
· Ratio of DL latency increasement for large packet is larger than that of small packet. The reasons are as below.
· Considering that small packet can be transmitted in one DL or SBFD slot, DL latency for small packet is mainly determined by the DL transmission opportunities in low and medium RU. Considering that the number of small packets is large in high RU, small packet might be delayed on account of no available DL resources. Thus, DL latency for small packet is mainly determined by the DL resources in high RU. 
· DL latency for large packet is mainly determined by the DL resources since multiple slots are needed for large packet transmission. 
· The DL transmission opportunities of SBFD Alt 2 is same with legacy TDD and DL resources of SBFD Alt 2 decreases 20% when compared with legacy TDD.
· For the ratio of improvement for UL performance and degradation for DL performance
· Large packet: The improvement for UL performance is greatly larger than degradation for DL performance in low and medium RU, and is close to DL performance in high RU.
· Small packet: The improvement for UL performance is greatly larger than degradation for DL performance in low, medium and high RU.
In case of using SBFD Alt 4 and large packet/small packet
· For UL latency
· UL latency decreases with introducing UL subband in SBFD slots. The reason is as below.
· SBFD Alt 4 has more UL transmission opportunities than legacy TDD.
· Ratios of UL latency reduction for small packet is larger than that of large packet. UL latency decreases slightly in the range of 6.20%~9.59% for large packet. UL latency decreases greatly in the range of 62.19%~74.77% for small packet. The reason is as below.
· Considering that small packet can be transmitted in one UL or SBFD slot, UL latency for small packet is mainly determined by the UL transmission opportunities. UL latency for large packet is mainly determined by the UL resources since multiple slots are needed for large packet transmission. UL latency for large packed is also determined by the UL transmission opportunities to a certain extent. The UL transmission opportunities of SBFD Alt 4 increases 400% and UL resources of SBFD Alt 4 are same with legacy TDD. 
· For DL latency
· DL latency decreases when UL subband is configured in SBFD slots and DL subbands are configured in UL slots, no matter which kind of RU is used. The reason is as below.
· SBFD Alt 4 has more UL transmission opportunities than legacy TDD.
· The reduction of DL latency for small packet is larger than that of large packet. DL latency decreases slightly in the range of 2.14%~2.62% for large packet. DL latency decreases greatly in the range of 12.64%~61.26% for small packet. The reasons are as below.
· Considering that small packet can be transmitted in one DL or SBFD slot, DL latency for small packet is mainly determined by the DL transmission opportunities. DL latency for large packet is mainly determined by the DL resources since multiple slots are needed for large packet transmission. DL latency for large packed is also determined by the DL transmission opportunities to a certain extent. The DL transmission opportunities of SBFD Alt 4 increases 20% and DL resources of SBFD Alt 4 are same with legacy TDD.
· UL performance and DL performance are both enhanced with more transmission opportunities in SBFD Alt 4. In ratio, improvement of UL performance is much more than the improvement of DL performance. 
[bookmark: _Hlk135043727]Observation 10: In InH scenario, following observations can be obtained for DL/UL latency of SBFD compared with legacy TDD:
· For UL latency
· UL latency of SBFD Alt 2 and SBFD Alt 4 decreases compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL latency for small packet is more significant than that of large packet.
· The improvement of UL latency for SBFD Alt 2 is more significant than that of SBFD Alt 4 for large packet. The improvement of UL latency for SBFD Alt 2 is similar with that of SBFD Alt 4 for small packet
· For DL latency
· For SBFD Alt 2, DL latency is similar with that of legacy TDD in low and medium RU for small packet and larger than that of legacy TDD in other cases.
· For SBFD Alt 4 DL latency is similar with that of legacy TDD for large packet and smaller than that of legacy TDD for small packet.
· For SBFD Alt 2, DL latency increasement for small packet is less significant than that of large packet. For SBFD Alt 4, DL latency reduction for small packet is more significant than that of large packet.
· DL latency of SBFD Alt 2 increases and DL latency of SBFD Alt 4 decreases.
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2, improvement of UL performance is more significant than the degradation of DL performance for large and small packet.
· For SBFD Alt 4, both UL performance and DL performance are improved.


When compared sub-cases #7-9 with sub-cases #1-3 and compared sub-cases #10-12 with sub-cases#4-6, it is obtained that UL latency and DL latency in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU for large packet and small packet. The reasons are as below. 
· Inter-site gNB-gNB co-channel inter-subband CLI in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU. 
· UL signal strength is much larger than inter-site gNB-gNB co-channel inter-subband CLI in low, medium and high RU.
For simplify, the results of sub-cases #7-9 and sub-cases #10-12 is not shown in this paper.

Observation 11: In InH scenario with high and low CLI suppression capability, following observation can be obtained for DL/UL latency of SBFD.
· DL/UL latency in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU for large packet and small packet.
UL and DL RU
Based on the simulation results, the Type -2 UL and DL resource utilization at low RU, medium RU, and high RU for large packet and small packet with high CLI suppression capability are summarized in Figure 26 and Figure 27, respectively.
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[bookmark: _Ref127550460]Figure 26 UL resource utilization for InH scenario in case of using SBFD Alt 2 and Alt 4.
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[bookmark: _Ref127550453]Figure 27 DL resource utilization for InH scenario in case of using SBFD Alt 2 and Alt 4.

Based on the simulation results, we can have the following observations:
· UL resource utilization
· SBFD Alt 2
· SBFD Alt 2 has smaller UL RU compared with legacy TDD for large packet and small packet. The reason is that SBFD Alt 2 has more UL resources than legacy TDD.
· The ratios of reduction for small packet and large packet are similar.
· SBFD Alt 4
· SBFD Alt 4 has similar UL RU compared with legacy TDD for large packet. SBFD Alt 4 has smaller UL RU compared with legacy TDD for small packet. The reason is as below.
· The improvement of UL Average-UPT for small packet is greater than that of large packet.
· The ratio of reduction for small packet is larger than that of large packet.
· DL resource utilization
· SBFD Alt 2 has larger DL RU compared with legacy TDD for large packet and small packet. The reason is that SBFD Alt 2 has less DL resources than legacy TDD.
· The ratios of increase for small packet and large packet are similar.
· SBFD Alt 4 has similar DL RU compared with legacy TDD for large packet and small packet. The reason is that SBFD Alt 4 and legacy TDD have similar DL resources.
· The ratios of reduction for small packet and large packet are similar.

Observation 12: In InH scenario, following observation can be obtained for resource utilization.
· For UL RU
· UL RU of SBFD Alt 2 decreases for large and small packet. UL RU of SBFD Alt 4 is similar with legacy TDD for large packet and is smaller than that of legacy TDD for small packet.
· Reduction for small packet and large packet are similar when using SBFD Alt 2. Reduction for small packet is more significant than that of large packet when using SBFD Alt 2.
· For DL RU
· DL RU of SBFD Alt 2 increases for large and small packet. DL RU of SBFD Alt 4 is similar with that of legacy TDD for large and small packet.
· Increase for small packet and large packet are similar when using SBFD Alt 2. Reduction for small packet and large packet are similar when using SBFD Alt 4.
LLS evaluation results for SBFD in FR1
Simulation assumptions in LLS
LLS evaluation was performed for SBFD coverage performance assuming
· PUSCH with 1Mbps target data rate for Urban Macro scenario in FR1
· Baseline legacy TDD with {DDDSU} and SBFD with {XXXXU}
· For baseline legacy TDD, PUSCH transmission without repetition and TBoMS is assumed
· For SBFD, coverage enhancement techniques are considered, which are illustrated as below.
· Scheme-1: SBFD with PUSCH repetition type A, wherein PUSCH is repeated on five consecutive slots, i.e., 4 SBFD slots and one UL slot with RV sequence {0,2,3,1,0}
· Scheme-2: SBFD with TBoMS PUSCH, wherein single PUSCH is transmitted on five consecutive slots, i.e., 4 SBFD slots and one UL slot
· Scheme-3: SBFD with PUSCH repetition type A, and JCE on five consecutive slots. PUSCH is repeated across 4 SBFD slots and one UL slot with RV sequence {0,2,3,1,0}. Joint channel estimation is applied only for the same symbol type
· Scheme-4: SBFD with TBoMS PUSCH and JCE on five consecutive slots. PUSCH is transmitted across 4 SBFD slots and one UL slot. Joint channel estimation is applied only for the same symbol type
· For both baseline legacy TDD and SBFD, PUSCH with 30 PRB and MCS = 4 is assumed to achieve 1Mbps target data rate
· For SBFD with TBoMS PUSCH over 5 consecutive slots with or w/o joint channel estimation, 6 PRBs f is allocated for each slot.
· For interference modelling in LLS, Option-1 (Example-2) is assumed, wherein the post-MMSE  obtained from SLS is applied in LLS
· Other simulation assumptions agreed in previous meetings are used
Evaluation results
The LLS evaluation results are given in Table 3 and Figure 28. 
[bookmark: _Ref131626811][bookmark: _Hlk131626758]Table 3 Required SNR in UL only slot assume different interference.
	
	Post-MMSE  (dB)
	[bookmark: _Hlk131626525]Required SNR (dB) in UL only slot (1Mbps with 10% iBLER)

	
	
	Scheme-1
	Scheme-2
	Scheme-3
	Scheme-4

	Legacy TDD (single UL slot)
	-
	-5.93

	SBFD (XXXXU) for Low Load 
	1.14
	-11.99
	-3.34
	-12.35
	-4.29

	SBFD (XXXXU) for Medium Load 
	1.46
	-11.72
	-2.94
	-12.04
	-4.01

	SBFD (XXXXU) for High Load 
	2.47
	-10.52
	-1.77
	-11.35
	-3.23
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[bookmark: _Ref142572996]Figure 28 BLER over required SNR with SBFD scheme-1/2/3/4

Based on the required SNR, coverage is obtained from Link budget analysis for both legacy TDD and SBFD. The detail of Link budget template is shown in Annex. The PUSCH coverage performance of SBFD for Urban Macro O2I scenario for FR1 is summarized in Table 4.
[bookmark: _Ref131684141]Table 4 Coverage performance of SBFD.
	PUSCH-FR1-Urban Macro

	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 1, Option-1 (Example-2), Low Load, △=1.14 dB

	SBFD
	-11.99
	140.66
	152.70
	121.97
	

	Gain
	6.06
	6.06
	6.06
	6.06
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 1, Option-1 (Example-2), Medium Load, △=1.46 dB

	SBFD
	-11.72
	140.39
	152.43
	121.70
	

	Gain
	5.79
	5.79
	5.79
	5.79
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 1, Option-1 (Example-2), High Load, △=2.47 dB

	SBFD
	-10.52
	139.19
	151.23
	120.50
	

	Gain
	4.59
	4.59
	4.59
	4.59
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 2, Option-1 (Example-2), Low Load, △=1.14 dB

	SBFD
	-3.34
	139.00
	151.04
	120.31
	

	Gain
	-2.59
	4.40
	4.40
	4.40
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 2, Option-1 (Example-2), Medium Load, △=1.46 dB

	SBFD
	-2.94
	138.60
	150.64
	119.91
	

	Gain
	-2.99
	4.00
	4.00
	4.00
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 2, Option-1 (Example-2), High Load, △=2.47 dB

	SBFD
	-1.77
	137.43
	149.47
	118.74
	

	Gain
	-4.16
	2.83
	2.83
	2.83
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 3, Option-1 (Example-2), Low Load, △=1.14 dB

	SBFD
	-12.35
	141.02
	153.06
	122.33
	

	Gain
	6.42
	6.42
	6.42
	6.42
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 3, Option-1 (Example-2), Medium Load, △=1.46 dB

	SBFD
	-12.04
	130.44
	142.48
	111.75
	

	Gain
	6.11
	6.11
	6.11
	6.11
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 3, Option-1 (Example-2), High Load, △=2.47 dB

	SBFD
	-11.35
	140.02
	152.06
	121.33
	

	Gain
	5.42
	5.42
	5.42
	5.42
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 4, Option-1 (Example-2), Low Load, △=1.14 dB

	SBFD
	-4.29
	139.95
	151.99
	121.26
	

	Gain
	-1.64
	5.35
	5.35
	5.35
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 4, Option-1 (Example-2), Medium Load, △=1.46 dB

	SBFD
	-4.01
	139.67
	151.71
	120.98
	

	Gain
	-1.92
	5.07
	5.07
	5.07
	

	TDD
	-5.93
	134.60
	146.64
	115.91
	Scheme 4, Option-1 (Example-2), High Load, △=2.47 dB

	SBFD
	-3.23
	138.89
	150.93
	120.20
	

	Gain
	-2.70
	4.29
	4.29
	4.29
	



· Scheme-1 & Scheme-3
The coverage performance of SBFD scheme-1 is much better than legacy TDD, and the performance of SBFD scheme -3 is further enhanced with joint channel estimation. Considering the post-MMSE ∆ slightly increases along with RU, the coverage improvements slightly decreases when RU goes up.

· Regarding MCL metric,
· The MCL for legacy TDD is 134.60 dB, 
· The MCL for SBFD scheme-1 is 140.66 dB, 140.39 dB and 139.19 dB for low load, medium load, and high load, respectively.
· The MCL for SBFD scheme-3 is 141.02 dB, 140.71 dB and 140.02 dB for low load, medium load, and high load, respectively.
· Regarding MIL metric,
· The MIL for legacy TDD is 146.64 dB, 
· The MIL for SBFD scheme-1 is 152.70 dB, 152.43 dB and 151.23 dB for low load, medium load, and high load, respectively
· The MIL for SBFD scheme-3 is 153.06 dB, 152.75 dB and 152.06 dB for low load, medium load, and high load, respectively
· Regarding MPL metric,
· The MPL for legacy TDD is 115.91 dB, 
· The MPL for SBFD scheme-1 is 121.97 dB, 121.70 dB and 120.50 dB for low load, medium load, and high load, respectively
· The MPL for SBFD scheme-3 is 122.33dB, 122.02 dB and 121.33 dB for low load, medium load, and high load, respectively

· Scheme-2 & Scheme-4
Compared with PUSCH w/o TBoMS, the performance of SBFD scheme-2 i.e., PUSCH with TBoMS, is enhanced with power boosting in each slot. However, the interference in SBFD slot is stronger than that of UL-only slot， which has negative impacts on the coverage gain harvested from SBFD. 
It can be observed that the coverage performance of SBFD scheme-2 is much better than legacy TDD, and the performance of SBFD scheme-4 is further enhanced with joint channel estimation. 
Considering the post-MMSE ∆ slightly increases along with RU, the coverage improvements slightly decreases when RU goes up.

· Regarding MCL metric,
· The MCL for legacy TDD is 134.60 dB, 
· The MCL for SBFD scheme-2 is 139.00 dB, 138.60 dB and 137.43 dB for low load, medium load, and high load, respectively.
· The MCL for SBFD scheme-4 is 139.95 dB, 139.67 dB and 138.89 dB for low load, medium load, and high load, respectively.
· Regarding MIL metric,
· The MIL for legacy TDD is 146.64 dB, 
· The MIL for SBFD scheme-2 is 151.04 dB, 150.64 dB and 149.47 dB for low load, medium load, and high load, respectively
· The MIL for SBFD scheme-4 is 151.99 dB, 151.71 dB and 150.93 dB for low load, medium load, and high load, respectively
· Regarding MPL metric,
· The MPL for legacy TDD is 115.91 dB, 
· The MPL for SBFD scheme-2 is 120.31 dB, 119.91 dB and 118.74 dB for low load, medium load, and high load, respectively
· The MPL for SBFD scheme-4 is 121.26 dB, 120.98 dB and 120.20 dB for low load, medium load, and high load, respectively

Observation 13: In Urban Macro O2I scenario for FR1, following observations can be obtained for SBFD coverage enhancement technique scheme 1 and scheme 3:
· SBFD scheme-1 (PUSCH repeated across 4 SBFD slots and one UL slot) and SBFD scheme-3 (Joint channel estimation across same symbol type is applied to SBFD scheme-1) can significantly enhance the coverage compared with legacy TDD w/o repetition and TBoMS. 

[bookmark: _GoBack]Observation 14: In Urban Macro O2I scenario for FR1, following observations can be obtained for SBFD coverage enhancement technique scheme-2 and scheme-4.
· SBFD scheme-2 (SBFD with TBoMS PUSCH, wherein, PUSCH is transmitted across 4 SBFD slots and one UL slot) and SBFD scheme-4 (Joint channel estimation across same symbol type is applied to SBFD scheme-2) can greatly enhance the coverage compared with legacy TDD w/o repetition and TBoMS.

Conclusion  
In this contribution, we provide our views on evaluation on NR duplex evolution. We have the following observations:
Observation 1: In Urban Macro scenario, the following observations can be obtained for UL and DL interference
· Dominated interference in UL is inter-site gNB-gNB co-channel inter-subband CLI. Legacy UL interference, co-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in low, medium and high RU.
· Dominated interference in DL is UE-UE co-channel inter-subband CLI. Legacy DL interference can be ignored in low, medium and high RU.

Observation 2: Despite of the assumed spatial isolation and digital isolation in CLI suppression capability, the following observations can be obtained for piece wise BS noise figure in Urban Macro scenario
· The total received power at side is higher than -25dBm with probability of 1% for medium and high RU. Receiver is rarely blocked due to SBFD operation.

Observation 3: In Urban Macro scenario, the following obervations can be obtained for DL/UL Average-UPT of SBFD compared with legacy TDD:
· For UL Average-UPT
· UL Average-UPT of SBFD Alt 2 and SBFD Alt 4 increases compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL Average-UPT for small packet is greater than that of large packet.
· The improvement of UL Average-UPT for SBFD Alt 2 is greater than that of SBFD Alt 4 for large and small packet.
· For DL Average-UPT
· DL Average-UPT of SBFD Alt 2 and SBFD Alt 4 degrades compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and and SBFD Alt 4, the degradation of DL Average-UPT for small packet is smaller than that of large packet in low and medium RU, and the degradation of DL Average-UPT for small packet is similar with that of large packet in high RU. 
· The degradation of DL Average-UPT for SBFD Alt 2 is greater than that of SBFD Alt 4 for large and small packet.
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2, improvement of UL performance is more significant than the degradation of DL performance for large and small packet.
· For SBFD Alt 4,
· Large packet
· Improvement of UL performance is more significant than the degradation of DL performance in low RU.
· Improvement of UL performance is less significant than the degradation of DL performance in medium and high RU.
· Small packet
· Improvement of UL performance is more significant than the degradation of DL performance.

Observation 4: In Urban Macro scenario, following observations can be obtained for DL/UL latency of SBFD compared with legacy TDD:
· For UL latency
· UL latency of SBFD Alt 2 and SBFD Alt 4 decreases compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL latency for small packet is similar with that of large packet.
· The improvement of UL latency for SBFD Alt 2 is more significant than that of SBFD Alt 4 for large and small packet.
· For DL latency
· For SBFD Alt 2, DL latency increases compared with legacy TDD for large and small packet.
· For SBFD Alt 4, DL latnecy is similar with that of legacy TDD in low RU for small packet and larger than that of legacy TDD in other cases.
· For SBFD Alt 2 and SBFD Alt 4, DL latency increasement for small packet is larger than that of large packet.
· DL latency increasement for SBFD Alt 2 and SBFD Alt 4
· Large packet: The increasement of DL latency for SBFD Alt 2 is greater than that of SBFD Alt 4.
· Small packet: The increasement of DL latency for SBFD Alt 2 is smaller than that of SBFD Alt 4.
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2 and SBFD Alt 4
· Large packet:
· Improvement of UL performance is more significant than the degradation of DL performance in low and medium RU. 
· Improvement of UL performance is less significant than the degradation of DL performance especially in high RU.
· Small packet: 
· Improvement of UL performance is more significant than the degradation of DL performance especially in low RU. 
· Improvement of UL performance is less significant than the degradation of DL performance especially in medium and high RU.

Observation 5: In Urban Macro scenario, following observations can be obtained:
· For UL RU
· UL RU of SBFD Alt 2 decreases and UL RU of SBFD Alt 4 increases for large and small packet.
· Reduction of UL RU for small packet and large packet are similar when using SBFD Alt 2. Increasement of UL RU for small packet is smaller than that of large packet when using SBFD Alt 4.
· For DL RU
· DL RU of SBFD Alt 2 and SBFD Alt 4 increases for large and small packet.
· Increasement of DL RU for small packet and large packet are similar when using SBFD Alt 2. Increasement of DL RU for small packet is larger than that of large packet when using SBFD Alt 4.

Observation 6: In InH scenario, the following observations can be obtained for UL and DL interference.
· The signal is much stronger than total interference in UL, which means interference introduced by SBFD operation is negligible in InH scenario.
· Inter-site gNB-gNB co-channel inter-subband CLI in InH can be suppressed very well even with low CLI suppression capability.
· Legacy DL interference dominates DL interference and SBFD operation rarely impacts DL transmission.

Observation 7: Despite of the assumed spatial isolation and digital isolation in CLI suppression capability, the following observations can be observed for piece wise BS noise figure in InH scenario.
· The total received power at gNB side is always smaller than -35dBm and BS noise figure is always fixed to the minimum value 13dB.


Observation 8: In InH scenario, following observation can be obtained for DL/UL Average-UPT of SBFD compared with legacy TDD:
· For UL Average-UPT
· UL Average-UPT of SBFD Alt 2 increases compared with legacy TDD for large and small packet. UL Average-UPT of SBFD Alt 4 is similar with legacy TDD for large packet and is larger than legacy TDD for small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL Average-UPT for small packet is more significant than that of large packet.
· The improvement of UL Average-UPT for SBFD Alt 2 is more significant than that of SBFD Alt 4 for large packet. The improvement of UL Average-UPT for SBFD Alt 2 is similar with that of SBFD Alt 4 for small packet.
· For DL Average-UPT
· For SBFD Alt 2, DL Average-UPT decreases significantly for large packet and DL Average-UPT is similar with legacy TDD for small packet. For SBFD Alt 4, DL Average-UPT is similar with legacy TDD for large packet, and DL Average-UPT increases significantly for small packet.
· For SBFD Alt 2, the degradation of DL Average-UPT for small packet is less significant than that of large packet. 
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2, improvement of UL performance is more significant than the degradation of DL performance for large and small packet.
· For SBFD Alt 4, both UL performance and DL performance are improved.

Observation 9: In InH scenario with high and low CLI suppression capability, following observation can be obtained for DL/UL Average-UPT of SBFD:
· UL Average-UPT and DL Average-UPT in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU, for both large packet and small packet.

Observation 10: In InH scenario, following observations can be obtained for DL/UL latency of SBFD compared with legacy TDD:
· For UL latency
· UL latency of SBFD Alt 2 and SBFD Alt 4 decreases compared with legacy TDD for large and small packet.
· For SBFD Alt 2 and SBFD Alt 4, the improvement of UL latency for small packet is more significant than that of large packet.
· The improvement of UL latency for SBFD Alt 2 is more significant than that of SBFD Alt 4 for large packet. The improvement of UL latency for SBFD Alt 2 is similar with that of SBFD Alt 4 for small packet
· For DL latency
· For SBFD Alt 2, DL latency is similar with that of legacy TDD in low and medium RU for small packet and larger than that of legacy TDD in other cases.
· For SBFD Alt 4 DL latency is similar with that of legacy TDD for large packet and smaller than that of legacy TDD for small packet.
· For SBFD Alt 2, DL latency increasement for small packet is less significant than that of large packet. For SBFD Alt 4, DL latency reduction for small packet is more significant than that of large packet.
· DL latency of SBFD Alt 2 increases and DL latency of SBFD Alt 4 decreases.
-	For the ratio of improvement of UL performance and degradation of DL performance
· For SBFD Alt 2, improvement of UL performance is more significant than the degradation of DL performance for large and small packet.
· For SBFD Alt 4, both UL performance and DL performance are improved.

Observation 11: In InH scenario with high and low CLI suppression capability, following observation can be obtained for DL/UL latency of SBFD.
· DL/UL latency in InH with high CLI suppression capability is nearly same with that in InH with low CLI suppression capability in low, medium and high RU for large packet and small packet.

Observation 12: In InH scenario, following observation can be obtained for resource utilization.
· For UL RU
· UL RU of SBFD Alt 2 decreases for large and small packet. UL RU of SBFD Alt 4 is similar with legacy TDD for large packet and is smaller than that of legacy TDD for small packet.
· Reduction for small packet and large packet are similar when using SBFD Alt 2. Reduction for small packet is more significant than that of large packet when using SBFD Alt 2.
· For DL RU
· DL RU of SBFD Alt 2 increases for large and small packet. DL RU of SBFD Alt 4 is similar with that of legacy TDD for large and small packet.
· Increase for small packet and large packet are similar when using SBFD Alt 2. Reduction for small packet and large packet are similar when using SBFD Alt 4.

Observation 13: In Urban Macro O2I scenario for FR1, following observations can be obtained for SBFD coverage enhancement technique scheme 1 and scheme 3:
· SBFD scheme-1 (PUSCH repeated across 4 SBFD slots and one UL slot) and SBFD scheme-3 (Joint channel estimation across same symbol type is applied to SBFD scheme-1) can significantly enhance the coverage compared with legacy TDD w/o repetition and TBoMS. 

Observation 14: In Urban Macro O2I scenario for FR1, following observations can be obtained for SBFD coverage enhancement technique scheme-2 and scheme-4.
· SBFD scheme-2 (SBFD with TBoMS PUSCH, wherein, PUSCH is transmitted across 4 SBFD slots and one UL slot) and SBFD scheme-4 (Joint channel estimation across same symbol type is applied to SBFD scheme-2) can greatly enhance the coverage compared with legacy TDD w/o repetition and TBoMS.

Based on the aforementioned discussion and observation, we have the following proposals:
1. Additional solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI is not essential for Urban Macro gNB to avoid receiver blocking.

1. Additional solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI is not needed for InH gNB to avoid receiver blocking.
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[1]. [bookmark: _Ref109896702][bookmark: _Ref101516929]RAN1 Chairman notes, RAN1#113 meeting
[2]. R1- 2306104, Summary#3 on evaluation on NR duplex evolution, Moderator (CMCC)
Appendix
Simulation assumptions for SBFD SLS
Table 5 Simulation parameters for Urban Macro and InH scenario in FR1.
	Parameter set
	(Higher priority) InH (FR1)
	(Higher priority) Urban Macro (FR1)

	A. General
	Carrier frequency
	4 GHz

	
	System bandwidth
	100 MHz

	
	Numerology
	14 OFDM symbol slot, SCS = 30kHz

	B. Layout and UE distribution
	BS Layout
	Indoor floor: (12BSs per 120m x 50m) 
- X-axis is pointing down to the floor
- The antenna array is mounted in the Y-Z plane with boresight along the X-axis
- The X-axis/Y-axis/Z-axis refer to LCS
	(Baseline) Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	
	Wrap-round
	-
	distance-based

	
	Inter-BS (2D) distance
	20m
	500m

	
	BS antenna height
	3m
	25m

	
	UE distribution
	Uniform UE distribution
-10 users per TRP per direction
	(Baseline) UE clustering distribution
- (Baseline) M=20, X=2
- R' = 25m
- 8 UE per cluster per direction
- Dmacro-to-cluster = 35m+R'
- Dinter-cluster = 2R' m

	
	Minimum BS-UE (2D) distance
	0m
	35m

	
	Minimum UE-UE (2D) distance
	1m

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

	
	UE height (m)
	1.5m

	C. Interference modelling 
　
	gNB self-interference - αSI
	 (Baseline): based on 1 dB UL desense

	
	Co-site inter-sector co-channel inter-subband CLI
	　-
	For spatial isolation and digital isolation,
- Option 1: 75dB (spatial isolation), 0dB digital isolation
- Option 4: 100dB (spatial isolation), 10dB digital isolation 

	
	BS ACLR
	45 dBc

	
	BS ICS
	Option 1: 62dB (Upper bound)
Option 2: 46dB (Lower bound)

	
	UE IBE
	Refer to Annex A.2.X in TR 38.858

	
	UE ICS
	33 dBc

	
	BS receiver noise figure
	Option 1: <A, B, C, D> = <-35, -17, 13, 22>
	Option 1: <A, B, C, D> = <-43, -25, 5, 14> (w/o sub-band filter)

	D. SBFD subband and slot configurations
	SBFD slot configuration
	Alt 2: Legacy TDD: {DDDSU}, where S=[12D:2G:0U];  SBFD: Frame structure#2 (XXXXU)
Alt 4: Legacy TDD: {DDDSU}, where S=[12D:2G:0U]; SBFD: Frame structure#3 (XXXXX)
Alt 1: Legacy TDD: {DDDSU}, where S=[12D:2G:0U]; SBFD: Frame structure#2 (DXXXU)

	
	SBFD Subband configuration
	(Baseline) {DUD}: < ND, NU, NG > = <104, 55, 5>

	E. Tranmit power
	BS transmit power for legacy TDD
	24 dBm for 100MHz
	Option 1: 53 dBm for 100MHz
Option 2: 49 dBm for 100MHz 

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

	
	UE Tx power
	23dBm

	F. Antenna configurations
	BS antenna configuration for legacy TDD
	(M,N,P,Mg,Ng;Mp,Np)  = (4,4,2,1,1; 4,4) , (dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization
	(M,N,P,Mg,Ng;Mp,Np)  = (8,8,2,1,1;2,8) , (dH,dV) = (0.5, 0.8)λ,  +45°/-45° polarization

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

	
	BS antenna radiation pattern
	(Baseline): the ceiling-mount antenna pattern in Table 10 in Report ITU-R M.2412 
	(Baseline): Table 9 in Report ITU-R M.2412 

	
	UE antenna configuration
	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

	
	Mechanic tilt 
	180° in GCS (pointing to the ground)
	90° in GCS (pointing to horizontal direction)

	
	Electronic tilt
	90° in LCS
	(According to Zenith angle in "Beam set at TRxP")

	
	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	-
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = 0
Zenith angle θj = pi*102/180

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam) in RP-180524

	
	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	-
	-

	G. Traffic model
	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
	(Higher priority): 4Kbytes for DL and 1Kbyte for UL
(Higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL

	
	DL/UL traffic load for legacy TDD
	Low load (Type-2 RU: < 10%)
Medium load (Type-2 RU: 20%-40%)
High load (Type-2 RU: >= 50%)

	H. Channel model
	gNB-UE
	Refer to Annex A.3 in TR 38.858

	
	gNB-gNB
	Refer to Annex A.3 in TR 38.858
Option1 (higher priority): Both large scale fading and small scale fading  

	
	UE-UE
	Refer to Annex A.3 in TR 38.858
Option2: Large scale fading only

	
	UE-UE details
	(Baseline): TR 38.901

	I. Others
	UE receiver noise figure
	9 dB

	
	Open loop power control parameters
	P0= -60 dBm, alpha = 0.6 
	P0= -80 dBm, alpha = 0.8 

	
	BS/UE receiver
	(Baseline): MMSE-IRC

	
	Feedback assumption
	Realistic

	
	Channel estimation
	Ideal

	
	UE processing capability
	UE processing capability 1 as baseline

	
	Handover margin (dB)
	3 dB

	
	UE attachment
	Based on RSRP from port 0

	
	Transmission scheme
	SU-MIMO

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

	
	DL/UL Modulation
	Up to 256QAM

	
	Scheduling
	PF




Table 6 BS antenna element pattern for Urban Macro scenario.
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	8 dBi 



Table 7 BS antenna element pattern for InH scenario.
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	5 dBi 



Link budget analysis
Table 8 Link budget template.
	System configuration
	PUSCH for O2I-UMa-FR1

	Channel for evaluation
	Legacy TDD
	SBFD for Low Load
	SBFD for Medium Load
	SBFD for High Load

	Scenarios and Carrier frequency (GHz)
	4
	4
	4
	4

	BS antenna heights (m)
	25
	25
	25
	25

	UT antenna heights (m)
	1.5
	1.5
	1.5
	1.5

	Cell area reliability (%)
	-
	-
	-
	-

	Lognormal shadow fading std deviation (dB)
	-
	-
	-
	-

	Tx Diversity
	-
	-
	-
	-

	Number of SSB
	-
	-
	-
	-

	Transmitter
	　
	　
	　
	　

	(1) Number of transmit antenna elements
	1
	1
	1
	1

	(2) Number of transmit TxRUs
Note: this row is void (left empty) for uplink
	-
	-
	-
	-

	(2a) Number of transmit chains modelled in LLS
	1
	1
	1
	1

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 
	23
	23
	23
	23

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	Scheme-1/3
	10800000
	10800000
	10800000
	10800000

	
	Scheme-2/4
	
	2160000
	2160000
	2160000

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) 
Note: For FR1 downlink, (3b) should satisfy the following: 
  For 4GHz frequency, 24 and 33
  For 2.6 GHz frequency, 33
  For 700MH and 2GHz frequency, 36
Note: For FR2 downlink, the following should be satisfied:
   40 dBm for 100 MHz Urban scenario,
   23 dBm for 100 MHz Indoor scenario.
Note: no PSD constraint for uplink
	Scheme-1/3
	12.67
	12.67
	12.67
	12.67

	
	Scheme-2/4
	
	19.66
	19.66
	19.66

	(3c) Bandwidth used for the evaluated channel (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
For uplink, (3a) = (3c)
	Scheme-1/3
	10800000
	10800000
	10800000
	10800000

	
	Scheme-2/4
	
	2160000
	2160000
	2160000

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23
	23
	23
	23

	(4) Total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) – (4b)  (dB)
	0.00
	0.00
	0.00
	0.00

	(4a) Antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
=   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
=   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	0.00
	0.00
	0.00
	0.00

	(4b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0
	0
	0
	0

	(4c) Gain of antenna element (dBi) 
	0
	0
	0
	0

	(5) Total antenna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink
	0
	0
	0
	0

	(5a) Antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink
	0
	0
	0
	0

	(5b) Antenna gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink
	0
	0
	0
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	0
	0
	0
	0

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	23.00 
	23.00 
	23.00 
	23.00  

	Receiver
	　
	　
	　
	　

	(10) Number of receive antenna elements
	192
	192
	192
	192

	(10a) Number of receive TxRUs
Note: this row is void (empty) for downlink
	64
	64
	64
	64

	(10b) Number of receive chains modelled in LLS
	4
	4
	4
	4

	(11) Total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	8.77 
	8.77 
	8.77 
	8.77 

	(11a) Antenna gain at antenna gain component 3 & antenna gain component 4 of receiver
=  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
 =  (11c) + 10 log (  (10)/(10b) )    (dB) for downlink
	8.77
	8.77 
	8.77 
	8.77 

	(11b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0
	0
	0
	0

	(11c) Gain of antenna element (dBi)
	4
	4
	4
	4

	(11bis) Total antenna gain at antenna gain component 2 of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink
	12.04
	12.04
	12.04
	12.04

	(11bis-a) Antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for downlink
	12.04
	12.04
	12.04
	12.04

	(11bis-b) Antenna gain correction factor at antenna gain component 2 of receiver (dB)
Note: zero for downlink
	0
	0
	0
	0

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	0
	0
	0
	0

	(13) Receiver noise figure (dB)
	5
	5
	5
	5

	(14) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(15) Receiver interference density (dBm/Hz) 
	-172
	-172
	-172
	-172

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-167.24
	-167.24
	-167.24
	-167.24

	(18) Effective noise power = (16) + 10 log ((3c))   (dBm)
	Scheme-1/3
	-96.90
	-96.90
	-96.90
	-96.90

	
	Scheme-2/4
	
	-103.89
	-103.89
	-103.89

	(19) Required SNR (dB)
	Scheme-1
	-5.93
	-11.99
	-11.72
	-10.52

	
	Scheme-2
	
	-3.34
	-2.94
	-1.77

	
	Scheme-3
	
	-12.35
	-12.04
	-11.35

	
	Scheme-4
	
	-4.29
	-4.01
	-3.23

	(20) Receiver implementation margin (dB)
	0
	0
	0
	0

	(21) H-ARQ gain (dB)
Note: Only applicable if HARQ is not considered in LLS
	0
	0
	0
	0

	(22) Receiver sensitivity = (18) + (19) + (20) – (21)  (dBm)
	-98.67
	-98.67
	-98.67
	-98.67

	(22bis) MCL = (3bis) – (22) + (5) + (11bis)   (dB)
	Scheme-1
	134.60 
	140.66 
	140.39 
	139.19 

	
	Scheme-2
	
	139.00
	138.60
	137.43

	
	Scheme-3
	
	141.02
	140.71
	140.02

	
	Scheme-4
	
	139.95
	139.67
	138.89

	(23) Hardware link budget, a.k.a. MIL  = (9) + (11) + (11bis) - (12) - (22)   (dB)
Note: MIL can also be derived by (22bis) + (4) – (8) + (11) - (12)
	Scheme-1
	146.64
	152.70 
	152.43
	151.23 

	
	Scheme-2
	
	151.04
	150.64
	149.47

	
	Scheme-3
	
	153.06
	152.75
	152.06

	
	Scheme-4
	
	151.99
	151.71
	150.93

	Calculation of available pathloss
	　
	　
	　
	　

	(25) Shadow fading margin  (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	4.48
	4.48
	4.48
	4.48

	(26) BS selection/macro-diversity gain (dB)
	0
	0
	0
	0

	(27) Penetration margin (dB)
	26.25
	26.25
	26.25
	26.25

	(28) Other gains (dB) (if any please specify)
	0
	0
	0
	0

	(29) MPL: Available path loss = (23) – (25) + (26) – (27) + (28)   (dB)
	Scheme-1
	115.91 
	121.97 
	121.70 
	120.50 

	
	Scheme-2
	
	120.31
	119.91
	118.74

	
	Scheme-3
	
	122.33
	122.02
	121.33

	
	Scheme-4
	
	121.26
	120.98
	120.20



Detailed evaluation results of SLS
InH scenario with asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL
SBFD Alt 2
	[bookmark: _Hlk134719819]Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt2, 24dBm gNB Tx power, Twice area&same TxRUs, DL: 0.5Mbyte, UL: 0.125MKbytes)

	
	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)
	Mean
	453.82
	372.06
	-18.02%
	416.26
	332.54
	-20.11%
	357.31
	271.91
	-23.90%

	
	5%
	392.19
	313.8
	-19.99%
	344.03
	266.38
	-22.57%
	234.19
	117.9
	-49.66%

	
	50%
	466.13
	383.73
	-17.68%
	423.47
	338.32
	-20.11%
	373.32
	291.73
	-21.86%

	
	95%
	482.24
	394.88
	-18.12%
	471.03
	385.55
	-18.15%
	455.49
	365.56
	-19.74%

	UL Average-UPT (Mbps)
	Mean
	111.30
	214.5
	92.72%
	102.96
	206.42
	100.49%
	89.39
	189.86
	112.40%

	
	5%
	99.19
	202.73
	104.39%
	84.19
	184.45
	119.09%
	58.39
	154.38
	164.39%

	
	50%
	112.04
	214.64
	91.57%
	104.78
	208.79
	99.27%
	93.65
	194.01
	107.16%

	
	95%
	123.01
	228.66
	85.89%
	115.74
	220.5
	90.51%
	111.11
	212.43
	91.19%

	DL Packet-Latency CDF (ms)
	Mean
	9.643
	11.72
	21.54%
	11.67
	15.19
	30.16%
	17.81
	29.58
	66.09%

	
	5%
	8.539
	10.53
	23.32%
	8.56
	10.55
	23.25%
	8.57
	10.55
	23.10%

	
	50%
	8.958
	10.84
	21.01%
	9.14
	10.94
	19.69%
	9.35
	11.45
	22.46%

	
	95%
	16.637
	20.26
	21.78%
	23.56
	33.1
	40.49%
	49.58
	98.89
	99.46%

	UL Packet-Latency CDF (ms)
	Mean
	9.83
	4.97
	-49.44%
	11.55
	5.41
	-53.16%
	17.52
	6.48
	-63.01%

	
	5%
	8.14
	4.53
	-44.35%
	8.16
	4.54
	-44.36%
	8.24
	4.54
	-44.90%

	
	50%
	9.39
	4.83
	-48.56%
	9.65
	4.85
	-49.74%
	10.17
	4.92
	-51.62%

	
	95%
	15.76
	5.47
	-65.29%
	20.63
	9.42
	-54.34%
	48.17
	13.94
	-71.06%

	DL RU (%)
	Type-1
	5.01%
	5.00%
	-0.33%
	17.09%
	17.07%
	-0.09%
	39.34%
	36.06%
	-8.35%

	
	Type-2
	6.50%
	8.20%
	26.15%
	22.15%
	28.01%
	26.46%
	51.00%
	59.16%
	16.00%

	UL RU (%)
	Type-1 
	1.41%
	1.52%
	8.12%
	4.64%
	4.43%
	-4.52%
	10.27%
	9.76%
	-4.96%

	
	Type-2 
	7.03%
	4.21%
	-40.11%
	23.22%
	12.28%
	-47.11%
	51.35%
	27.03%
	-47.36%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 


SBFD Alt 4
	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt4, 24dBm gNB Tx power, Twice area&same TxRUs, DL: 0.5Mbyte, UL: 0.125MKbytes)

	
	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)
	Mean
	453.82
	463.19
	2.06%
	416.26
	425.94
	2.33%
	357.31
	369.98
	3.55%

	
	5%
	392.19
	406.93
	3.76%
	344.03
	340.6
	-1.00%
	234.19
	226.96
	-3.09%

	
	50%
	466.13
	477.84
	2.51%
	423.47
	437.1
	3.22%
	373.32
	392.43
	5.12%

	
	95%
	482.24
	485.96
	0.77%
	471.03
	480.33
	1.97%
	455.49
	463.93
	1.85%

	UL Average-UPT (Mbps)
	Mean
	111.30
	117.17
	5.27%
	102.96
	108.1
	4.99%
	89.39
	94.11
	5.28%

	
	5%
	99.19
	106.13
	7.00%
	84.19
	91.21
	8.34%
	58.39
	60.68
	3.92%

	
	50%
	112.04
	119.29
	6.47%
	104.78
	110.23
	5.20%
	93.65
	99.73
	6.49%

	
	95%
	123.01
	122.02
	-0.80%
	115.74
	120.35
	3.98%
	111.11
	116.48
	4.83%

	DL Packet-Latency CDF (ms)
	Mean
	9.643
	9.39
	-2.62%
	11.67
	11.42
	-2.14%
	17.81
	17.36
	-2.53%

	
	5%
	8.539
	8.53
	-0.11%
	8.56
	8.53
	-0.35%
	8.57
	8.54
	-0.35%

	
	50%
	8.958
	8.77
	-2.10%
	9.14
	8.85
	-3.17%
	9.35
	8.93
	-4.49%

	
	95%
	16.637
	16.49
	-0.88%
	23.56
	24.55
	4.20%
	49.58
	50.07
	0.99%

	UL Packet-Latency CDF (ms)
	Mean
	9.83
	9.22
	-6.20%
	11.55
	10.85
	-6.06%
	17.52
	15.84
	-9.59%

	
	5%
	8.14
	8.52
	4.67%
	8.16
	8.53
	4.53%
	8.24
	8.55
	3.76%

	
	50%
	9.39
	8.79
	-6.39%
	9.65
	8.83
	-8.50%
	10.17
	8.93
	-12.19%

	
	95%
	15.76
	13.46
	-14.59%
	20.63
	20.01
	-3.01%
	48.17
	41.53
	-13.78%

	DL RU (%)
	Type-1
	5.01%
	5.40%
	7.73%
	17.09%
	16.50%
	-3.42%
	39.34%
	37.52%
	-4.62%

	
	Type-2
	6.50%
	7.09%
	9.08%
	22.15%
	21.66%
	-2.21%
	51.00%
	49.25%
	-3.43%

	UL RU (%)
	Type-1 
	1.41%
	1.43%
	2.04%
	4.64%
	4.86%
	4.66%
	10.27%
	9.52%
	-7.31%

	
	Type-2 
	7.03%
	7.12%
	1.28%
	23.22%
	24.12%
	3.88%
	51.35%
	47.24%
	-8.00%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 



InH scenario with asymmetric packet size with 4Kbytes for DL and 1 Kbytes for UL
SBFD Alt 2
	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt2, 24dBm gNB Tx power, Twice area&same TxRUs, DL: 4Kbytes, UL: 1Kbyte)

	
	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)
	Mean
	41.01
	41.19
	0.44%
	38.77
	38.55
	-0.57%
	34.01
	32.17
	-5.41%

	
	5%
	39.98
	39.88
	-0.25%
	31.99
	31.46
	-1.66%
	12.82
	7.88
	-38.53%

	
	50%
	40.98
	41.2
	0.54%
	39.7
	39.57
	-0.33%
	37.81
	37.18
	-1.67%

	
	95%
	42.14
	42.2
	0.14%
	40.36
	40.2
	-0.40%
	38.84
	38.63
	-0.54%

	UL Average-UPT (Mbps)
	Mean
	5.34
	11.25
	110.67%
	5.22
	10.99
	110.54%
	4.23
	10.59
	150.35%

	
	5%
	5.11
	11.05
	116.24%
	5.07
	10.85
	114.00%
	3.83
	10.1
	163.71%

	
	50%
	5.35
	11.26
	110.47%
	5.23
	11.01
	110.52%
	4.28
	10.66
	149.07%

	
	95%
	5.65
	11.48
	103.19%
	5.38
	11.14
	107.06%
	4.38
	10.81
	146.80%

	DL Packet-Latency CDF (ms)
	Mean
	0.87
	0.86
	-1.15%
	0.95
	0.96
	1.05%
	5.86
	6.93
	18.26%

	
	5%
	0.53
	0.53
	0.00%
	0.54
	0.54
	0.00%
	0.55
	0.55
	0.00%

	
	50%
	0.82
	0.82
	0.00%
	0.87
	0.87
	0.00%
	0.95
	0.98
	3.16%

	
	95%
	1.4
	1.4
	0.00%
	1.54
	1.58
	2.60%
	7.14
	9.97
	39.64%

	UL Packet-Latency CDF (ms)
	Mean
	2.01
	0.76
	-62.19%
	2.6
	0.78
	-70.00%
	3.33
	0.83
	-75.08%

	
	5%
	0.65
	0.53
	-18.46%
	0.77
	0.53
	-31.17%
	1.1
	0.53
	-51.82%

	
	50%
	1.95
	0.76
	-61.03%
	2.51
	0.76
	-69.72%
	3.16
	0.81
	-74.37%

	
	95%
	3.8
	0.99
	-73.95%
	4.85
	1.07
	-77.94%
	5.47
	1.25
	-77.15%

	DL RU (%)
	Type-1
	4.94%
	4.85%
	-1.89%
	23.02%
	19.16%
	-16.75%
	41.64%
	35.98%
	-13.58%

	
	Type-2
	6.41%
	7.96%
	24.18%
	29.84%
	31.44%
	5.36%
	53.98%
	59.04%
	9.37%

	UL RU (%)
	Type-1 
	1.45%
	1.44%
	-0.61%
	5.31%
	4.34%
	-18.36%
	10.89%
	10.60%
	-2.66%

	
	Type-2 
	7.23%
	3.98%
	-44.95%
	26.56%
	12.01%
	-54.78%
	54.44%
	29.35%
	-46.09%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 


SBFD Alt 4
	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt4, 24dBm gNB Tx power, Twice area&same TxRUs, DL: 4Kbytes, UL: 1Kbyte)

	
	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)
	Mean
	41.01
	44.92
	9.53%
	38.77
	43.4
	11.94%
	34.01
	39.25
	15.41%

	
	5%
	39.98
	44.01
	10.08%
	31.99
	38.65
	20.82%
	12.82
	18.37
	43.29%

	
	50%
	40.98
	44.96
	9.71%
	39.7
	43.97
	10.76%
	37.81
	42.42
	12.19%

	
	95%
	42.14
	45.78
	8.64%
	40.36
	44.64
	10.60%
	38.84
	43.2
	11.23%

	UL Average-UPT (Mbps)
	Mean
	5.34
	11.24
	110.49%
	5.22
	11
	110.73%
	4.23
	10.55
	149.41%

	
	5%
	5.11
	11.03
	115.85%
	5.07
	10.85
	114.00%
	3.83
	10.06
	162.66%

	
	50%
	5.35
	11.25
	110.28%
	5.23
	11.01
	110.52%
	4.28
	10.64
	148.60%

	
	95%
	5.65
	11.47
	103.01%
	5.38
	11.14
	107.06%
	4.38
	10.82
	147.03%

	DL Packet-Latency CDF (ms)
	Mean
	0.87
	0.76
	-12.64%
	0.95
	0.8
	-15.79%
	5.86
	2.27
	-61.26%

	
	5%
	0.53
	0.53
	0.00%
	0.54
	0.53
	-1.85%
	0.55
	0.54
	-1.82%

	
	50%
	0.82
	0.76
	-7.32%
	0.87
	0.78
	-10.34%
	0.95
	0.84
	-11.58%

	
	95%
	1.4
	0.99
	-29.29%
	1.54
	1.18
	-23.38%
	7.14
	2.6
	-63.59%

	UL Packet-Latency CDF (ms)
	Mean
	2.01
	0.76
	-62.19%
	2.6
	0.78
	-70.00%
	3.33
	0.84
	-74.77%

	
	5%
	0.65
	0.53
	-18.46%
	0.77
	0.53
	-31.17%
	1.1
	0.53
	-51.82%

	
	50%
	1.95
	0.76
	-61.03%
	2.51
	0.78
	-68.92%
	3.16
	0.81
	-74.37%

	
	95%
	3.8
	0.98
	-74.21%
	4.85
	1.06
	-78.14%
	5.47
	1.27
	-76.78%

	DL RU (%)
	Type-1
	4.94%
	4.75%
	-3.85%
	23.02%
	18.51%
	-19.60%
	41.64%
	37.22%
	-10.62%

	
	Type-2
	6.41%
	6.24%
	-2.65%
	29.84%
	24.29%
	-18.60%
	53.98%
	48.85%
	-9.50%

	UL RU (%)
	Type-1 
	1.45%
	1.35%
	-6.36%
	5.31%
	4.38%
	-17.61%
	10.89%
	8.21%
	-24.60%

	
	Type-2 
	7.23%
	6.72%
	-7.05%
	26.56%
	21.72%
	-18.22%
	54.44%
	40.74%
	-25.17%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 


Urban Macro scenario with asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL
SBFD Alt 2
	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt2, 53dBm gNB Tx power, Twice area&same TxRUs, DL: 0.5Mbyte, UL: 0.125MKbytes, 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)
	Mean
	427.55
	285.22
	-33.29%
	397.39
	250.69
	-36.92%
	336.24
	208.57
	-37.97%

	
	5%
	249.69
	124.92
	-49.97%
	238.77
	60.41
	-74.70%
	137.84
	13.69
	-90.07%

	
	50%
	460.07
	335.43
	-27.09%
	417.11
	271.6
	-34.89%
	355.21
	228.54
	-35.66%

	
	95%
	487.89
	394.42
	-19.16%
	474.34
	390.35
	-17.71%
	458.68
	385.55
	-15.94%

	UL Average-UPT (Mbps)
	Mean
	32.72
	58.76
	79.58%
	28.52
	49.28
	72.79%
	25.02
	42.58
	70.18%

	
	5%
	0.5
	1.35
	170.00%
	0.44
	1.23
	179.55%
	0.43
	1.16
	169.77%

	
	50%
	4.93
	16.14
	227.38%
	3.09
	14.35
	364.40%
	2.46
	12.27
	398.78%

	
	95%
	116.04
	213.37
	83.88%
	112.36
	204.06
	81.61%
	102.85
	187.43
	82.24%

	DL Packet-Latency CDF (ms)
	Mean
	10.02
	12.29
	22.65%
	11.38
	14.9
	30.93%
	16.02
	46.79
	192.07%

	
	5%
	8.53
	10.53
	23.45%
	8.56
	10.56
	23.36%
	8.58
	10.66
	24.24%

	
	50%
	8.99
	10.88
	21.02%
	9.11
	10.98
	20.53%
	9.38
	31.44
	235.18%

	
	95%
	17.29
	20.79
	20.24%
	22.8
	32.01
	40.39%
	41.32
	128.43
	210.82%

	UL Packet-Latency CDF (ms)
	Mean
	117.63
	39.22
	-66.66%
	127.49
	42.11
	-66.97%
	176.46
	86.71
	-50.86%

	
	5%
	8.21
	4.6
	-43.97%
	8.34
	4.66
	-44.12%
	8.57
	4.79
	-44.11%

	
	50%
	55.86
	30.75
	-44.95%
	65.11
	35.5
	-45.48%
	90.04
	40.92
	-54.55%

	
	95%
	470.44
	156.35
	-66.77%
	730.46
	181.29
	-75.18%
	1154.06
	430.91
	-62.66%

	DL RU (%)
	Type-1
	6.92%
	9.42%
	36.09%
	20.28%
	30.28%
	49.30%
	45.58%
	57.71%
	26.63%

	
	Type-2
	8.97%
	15.45%
	72.24%
	26.29%
	49.68%
	88.97%
	59.08%
	94.69%
	60.27%

	UL RU (%)
	Type-1 
	1.80%
	2.62%
	45.60%
	5.53%
	9.02%
	63.00%
	10.21%
	14.40%
	41.07%

	
	Type-2 
	8.99%
	7.25%
	-19.35%
	27.67%
	24.98%
	-9.72%
	51.04%
	39.88%
	-21.87%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 



SBFD Alt 4
	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt4, 53dBm gNB Tx power, Twice area&same TxRUs, DL: 0.5Mbyte, UL: 0.125MKbytes 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)
	Mean
	427.55
	353.63
	-17.29%
	397.39
	291.16
	-26.73%
	336.24
	273.27
	-18.73%

	
	5%
	249.69
	133.61
	-46.49%
	238.77
	75.66
	-68.31%
	137.84
	46.41
	-66.33%

	
	50%
	460.07
	421.93
	-8.29%
	417.11
	365.91
	-12.27%
	355.21
	275.28
	-22.50%

	
	95%
	487.89
	452.02
	-7.35%
	474.34
	448.94
	-5.35%
	458.68
	432.22
	-5.77%

	UL Average-UPT (Mbps)
	Mean
	32.72
	48.01
	46.73%
	28.52
	31.11
	9.08%
	25.02
	26.09
	4.28%

	
	5%
	0.5
	1.13
	126.00%
	0.44
	0.84
	90.91%
	0.43
	0.67
	55.81%

	
	50%
	4.93
	15.56
	215.62%
	3.09
	10.42
	237.22%
	2.46
	10.25
	316.67%

	
	95%
	116.04
	118.71
	2.30%
	112.36
	115.96
	3.20%
	102.85
	112.94
	9.81%

	DL Packet-Latency CDF (ms)
	Mean
	10.02
	9.72
	-2.99%
	11.38
	12.66
	11.25%
	16.02
	24.94
	55.68%

	
	5%
	8.53
	8.53
	0.00%
	8.56
	8.65
	1.05%
	8.58
	8.89
	3.61%

	
	50%
	8.99
	8.79
	-2.22%
	9.11
	9.91
	8.78%
	9.38
	30.98
	230.28%

	
	95%
	17.29
	16.54
	-4.34%
	22.8
	29.94
	31.32%
	41.32
	98.28
	137.85%

	UL Packet-Latency CDF (ms)
	Mean
	117.63
	65.44
	-44.37%
	127.49
	68.6
	-46.19%
	176.46
	-50.86%
	-30.97%

	
	5%
	8.21
	8.54
	4.02%
	8.34
	8.48
	1.68%
	8.57
	-44.11%
	1.40%

	
	50%
	55.86
	45.3
	-18.90%
	65.11
	45.99
	-29.37%
	90.04
	-54.55%
	-38.77%

	
	95%
	470.44
	232.85
	-50.50%
	730.46
	230.5
	-68.44%
	1154.06
	-62.66%
	-57.78%

	DL RU (%)
	Type-1
	6.92%
	9.72%
	40.49%
	20.28%
	32.34%
	59.47%
	45.58%
	68.40%
	50.07%

	
	Type-2
	8.97%
	12.76%
	42.25%
	26.29%
	42.45%
	61.47%
	59.08%
	89.77%
	51.95%

	UL RU (%)
	Type-1 
	1.80%
	3.49%
	93.99%
	5.53%
	10.61%
	91.74%
	10.21%
	14.79%
	44.91%

	
	Type-2 
	8.99%
	17.31%
	92.55%
	27.67%
	52.66%
	90.31%
	51.04%
	73.41%
	43.83%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 


Urban Macro scenario with asymmetric packet size with 4Kbytes for DL and 1 Kbytes for UL
SBFD Alt 2
	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt2, 53dBm 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)
	Mean
	41.42
	34.49
	-16.73%
	40.59
	32.03
	-21.09%
	38.91
	23.32
	-40.07%

	
	5%
	39.87
	14.04
	-64.79%
	39.56
	11.16
	-71.79%
	35.31
	5.09
	-85.58%

	
	50%
	41.43
	40.29
	-2.75%
	40.74
	36.67
	-9.99%
	39.54
	25.61
	-35.23%

	
	95%
	43.33
	43.12
	-0.48%
	41.54
	41.46
	-0.19%
	40.37
	40.1
	-0.67%

	UL Average-UPT (Mbps)
	Mean
	3.12
	6.67
	113.78%
	2.57
	6.15
	139.30%
	1.52
	3.22
	111.84%

	
	5%
	0.061
	0.103
	68.85%
	0.023
	0.052
	126.09%
	0.017
	0.035
	105.88%

	
	50%
	2.99
	6.62
	121.40%
	2.54
	6.33
	149.21%
	1.86
	3.61
	94.09%

	
	95%
	6.07
	11.65
	91.93%
	5.14
	11.29
	119.65%
	3.74
	8.77
	134.49%

	DL Packet-Latency CDF (ms)
	Mean
	0.86
	1.21
	40.70%
	0.88
	2.41
	173.86%
	0.94
	4.32
	359.57%

	
	5%
	0.53
	0.54
	1.89%
	0.53
	0.54
	1.89%
	0.54
	0.55
	1.85%

	
	50%
	0.82
	0.87
	6.10%
	0.83
	0.91
	9.64%
	0.87
	0.95
	9.20%

	
	95%
	1.39
	1.92
	38.13%
	1.42
	3.09
	117.61%
	1.52
	7.19
	373.03%

	UL Packet-Latency CDF (ms)
	Mean
	5.05
	1.59
	-68.51%
	7.61
	3.33
	-56.24%
	19.01
	8.69
	-54.29%

	
	5%
	0.73
	0.55
	-24.66%
	0.78
	0.55
	-29.49%
	1.11
	0.56
	-49.55%

	
	50%
	2.71
	0.94
	-65.31%
	2.86
	0.94
	-67.13%
	4.06
	1.05
	-74.14%

	
	95%
	14.55
	4.48
	-69.21%
	16.92
	6.26
	-63.00%
	29.32
	11.43
	-61.02%

	DL RU (%)
	Type-1
	4.25%
	9.48%
	122.98%
	20.25%
	27.82%
	37.37%
	41.32%
	54.08%
	30.89%

	
	Type-2
	5.51%
	15.55%
	182.21%
	26.25%
	45.64%
	73.87%
	53.56%
	88.73%
	65.66%

	UL RU (%)
	Type-1 
	1.33%
	1.57%
	17.75%
	4.77%
	6.83%
	43.17%
	11.01%
	17.49%
	58.84%

	
	Type-2 
	6.67%
	4.35%
	-34.78%
	23.86%
	18.92%
	-20.70%
	55.06%
	48.44%
	-12.02%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 


SBFD Alt 4
	Simple description for the sub-case (e.g., 100dB co-site inter-sector co-channel inter-subband isolation, SBFD Alt4, 53dBm 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)
	Mean
	41.42
	38.74
	-6.47%
	40.59
	33.89
	-16.51%
	38.91
	25.19
	-35.26%

	
	5%
	39.87
	16.34
	-59.02%
	39.56
	12.53
	-68.33%
	35.31
	5.05
	-85.70%

	
	50%
	41.43
	44.49
	7.39%
	40.74
	42.14
	3.44%
	39.54
	27.86
	-29.54%

	
	95%
	43.33
	47.05
	8.59%
	41.54
	45.66
	9.92%
	40.37
	44.15
	9.36%

	UL Average-UPT (Mbps)
	Mean
	3.12
	6.59
	111.22%
	2.57
	5.89
	129.18%
	1.52
	3.57
	134.87%

	
	5%
	0.061
	0.097
	59.02%
	0.023
	0.083
	260.87%
	0.017
	0.027
	58.82%

	
	50%
	2.99
	6.58
	120.07%
	2.54
	5.91
	132.68%
	1.86
	3.48
	87.10%

	
	95%
	6.07
	11.64
	91.76%
	5.14
	11.27
	119.26%
	3.74
	8.71
	132.89%

	DL Packet-Latency CDF (ms)
	Mean
	0.86
	1.24
	44.19%
	0.88
	3.43
	289.77%
	0.94
	5.08
	440.43%

	
	5%
	0.53
	0.53
	0.00%
	0.53
	0.54
	1.89%
	0.54
	0.54
	0.00%

	
	50%
	0.82
	0.79
	-3.66%
	0.83
	0.83
	0.00%
	0.87
	0.85
	-2.30%

	
	95%
	1.39
	1.8
	29.50%
	1.42
	5.39
	279.58%
	1.52
	7.65
	403.29%

	UL Packet-Latency CDF (ms)
	Mean
	5.05
	1.73
	-65.74%
	7.61
	3.7
	-51.38%
	19.01
	14.93
	-21.46%

	
	5%
	0.73
	0.55
	-24.66%
	0.78
	0.55
	-29.49%
	1.11
	0.56
	-49.55%

	
	50%
	2.71
	0.94
	-65.31%
	2.86
	0.95
	-66.78%
	4.06
	1.11
	-72.66%

	
	95%
	14.55
	4.59
	-68.45%
	16.92
	6.49
	-61.64%
	29.32
	26.89
	-8.29%

	DL RU (%)
	Type-1
	4.25%
	21.16%
	397.77%
	20.25%
	55.39%
	173.53%
	41.32%
	67.12%
	62.46%

	
	Type-2
	5.51%
	27.77%
	403.99%
	26.25%
	72.70%
	176.95%
	53.56%
	88.10%
	64.49%

	UL RU (%)
	Type-1 
	1.33%
	2.87%
	115.09%
	4.77%
	6.55%
	37.32%
	11.01%
	15.11%
	37.25%

	
	Type-2 
	6.67%
	14.24%
	113.49%
	23.86%
	32.52%
	36.30%
	55.06%
	75.01%
	36.23%

	Note: 
· For Average-UPT / Packet-Latency / RU, the gain can be calculated as: Gain (%) = 
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