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Introduction
In RAN1#112-bis e-meeting, we further discussed remaining issues related to evaluation on NR duplex evolution [1]. In this contribution, we share views on the remaining issues for SLS and LLS. Furthermore, we provide preliminary SLS evaluation results based on the current assumptions.
Discussion
Remaining issues on SLS evaluation
UL/DL resource percentage per TDD period
The definition of UL/DL resource percentage per TDD period was discussed in RAN1#112-bis e-meeting, which is shown as below.
	Initial proposal 2-2-2 (open):
Companies are encouraged to report the assumption of UL/DL resource percentage per TDD period together with the evaluation results, which can be calculated as below:
· UL resource percentage per TDD period = (Number of UL RBs per cell per TDD period excluding guard bands and guard symbols) / (Total number of RBs per cell per TDD period including DL, UL, guard bands and guard symbols)
· DL resource percentage per TDD period = (Number of DL RBs per cell per TDD period excluding guard bands and guard symbols) / (Total number of RBs per cell per TDD period including DL, UL, guard bands and guard symbols)
· Note: DL+UL resource percentage may not always be 100% since guard bands and guard symbols may be assumed.



UL/DL resource percentage per TDD period could be reported in the table collecting SLS results to show the gain of SBFD considering the increase of UL resource. Considering the actual UL/DL resource percentage significantly impacts the final SLS results, it is helpful for comparison among companies with aligned assumption. 

Same UL/DL resource percentage per TDD period for same SBFD subband configuration (Alt 1/2/4) is helpful for comparison of evaluation results.

In RAN1#112 meeting, baselines of values of < ND, NU, NG > for SBFD Subband configuration#1 with {DUD} pattern in FR1 and FR2-1 have been agreed. To enable same UL/DL resource percentage per TDD period for same SBFD subband configuration (Alt 1/2/4), guard symbols assumed in the SBFD operation should also be aligned.

Same assumption on guard symbols should be achieved to enable same UL/DL resource percentage per TDD period for same SBFD subband configuration (Alt 1/2/4).

For legacy TDD, static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U] is agreed in RAN1#109-e meeting, where two guard symbols are used for transition.

For SBFD antenna configuration Option 2/3, panel switching from Tx mode to Rx mode may not be needed for switching between SBFD and non-SBFD symbols. If zero NTA,offset is assumed in SBFD operation for self-interference handling, guard period could be assumed as zero symbol since transition guard period is not needed, which can be used as baseline. If non-zero NTA,offset is assumed in SBFD operation, two guard symbol could be assumed to compensate NTA,offset, which is same as legacy TDD and can be used as optional scheme.


For SBFD antenna configuration Option 1, transition guard period is needed for panel switching from Tx mode to Rx mode as the gNB may use one panel for UL reception in SBFD symbols while using two panels in the UL symbols. Thus, two guard symbols could be as baseline to align with assumption in legacy TDD.

For SLS evaluation purposes only, guard symbols for switching between SBFD and non-SBFD symbols assumed in the SBFD operation is as follows:
· For SBFD antenna configuration Option 2/3:
· Baseline: Zero guard symbol
· Optional: Two guard symbols
· For SBFD antenna configuration Option 1:
· Baseline: Two guard symbols
Piece wise noise figure
In RAN1#112-bis e-meeting, working assumption for piece wise BS noise figure is achieved, which is shown as below.
	Working Assumption
For SLS of duplex evaluation in RAN1, the BS noise figure is modelled as piece wise linear based on the total received power (P) as

· For FR1, A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
· P is in dB scale. The linear value of total received power is the linear sum of all received power, including wanted signal, co-channel and adjacent-channel UE-gNB interference, self-interference, co-channel and adjacent-channel co-site inter-sector interference and co-channel and adjacent-channel inter-site gNB-gNB interference.
· adjacent-channel interference is only used for SBFD deployment case 4
· If P is larger than B, the receiver will be blocked.
· Send LS to RAN4 to ask the following questions:
· Whether the above values of A, B, C and D can be used for all the BS classes in FR1? If not, what are the values of A, B, C and D for each of BS classes in FR1?
· Whether fixed noise figure can be used for FR2-1 in RAN1 evaluation? If not, what are the values of A, B, C and D for BS classes in FR2-1?
· The feasibility and applicable scenarios of improved noise figure, e.g., by introducing additional interference reduction techniques like subband filtering.
· Before receiving further RAN4 inputs, the fixed noise figure is used in RAN1 evaluation as below.
· Dense Urban Macro layer: 10dB for FR2-1
· Dense Urban Micro layer: 10dB for FR2-1
· Indoor: 10dB for FR2-1
· Before receiving further RAN4 inputs, the piece-wise noise figure can be used for all scenarios in FR1 in RAN1 evaluation



In the email from moderator after RAN1#112-bis e-meeting, working assumption for piece wise BS noise figure for different scenarios are provided. In general, the fixed BS noise figure should be same with the minimum value of BS noise figure in piece wise model. However, in some scenarios, the fixed BS noise figure is different from the minimum value of BS noise figure in piece wise model, which is shown as follows.

	· For InH (FR1) scenario/ Layer 2 (InH or InF) in SBFD Case 3-2
· Option 1: <A, B, C, D> = <-35, -17, 13, 22>  (recommended by Moderator)
· Option 2: 5dB

· For Dense Urban with 2-layer (FR1) scenarios
· For Macro layer:
· Option 1: <A, B, C, D> = <-43, -25, 5, 14> (w/o sub-band filter) (recommended by Moderator)
· Option 2: <A, B, C, D> = <-35, -17, 5, 14> (w/ sub-band filter)
· Option 3: 5dB
· For Micro layer:
· Option 1: <A, B, C, D> = <-38, -20, 10, 19>  (recommended by Moderator)
· Option 2: 5dB



Accordingly, we have the following proposal.
For BS noise figure, the working assumption can be updated as follows.
· For InH (FR1) scenario/ Layer 2 (InH or InF) in SBFD Case 3-2
· Option 1: <A, B, C, D> = <-35, -17, 13, 22>
· Option 2: 13dB
· For Dense Urban with 2-layer (FR1) scenarios
· For Macro layer:
· Option 1: <A, B, C, D> = <-43, -25, 5, 14> (w/o sub-band filter)
· Option 2: <A, B, C, D> = <-35, -17, 5, 14> (w/ sub-band filter)
· Option 3: 5dB
· For Micro layer:
· Option 1: <A, B, C, D> = <-38, -20, 10, 19>
· Option 2: 10dB
LLS evaluation
Uplink channel for coverage performance evaluation in LLS
In RAN1#112-bis e-meeting, PUCCH channel for the purpose of evaluating coverage performance is suspended. The relevant initial proposal in summary is as below:
	[bookmark: _Hlk132949998]Initial proposal 3-1-2(Suspended):
For LLS coverage performance evaluation, the following control channels are considered.
· PUCCH format 3 with 22 bit payload for FR1
· PUCCH format 1, format 3 with 11 bit payload, and format 3 with 22 bit payload for FR2-1



In the coverage performance evaluation for PUCCH in LLS, PUCCH format 1 and PUCCH format 3 are selected for PUCCH coverage performance evaluation in TR38.830 as below.
	Parameter
	FR1
	FR2-1

	PUCCH format 
	Format 1, 2bits UCI.
Format 3, 4bits (3 bits A/N + 1 bit SR)/11/22 bits UCI
	Format 1, 2bits UCI.
Format 3, [4bits (3 bits A/N + 1 bit SR)]/11/22 bits UCI



It is the common understanding in Rel-17 coverage enhancement that PUSCH and PUCCH are the bottleneck channel from coverage perspective. Hence, coverage performance of PUSCH and PUCCH were extensively evaluated. Regarding to the potential benefits on coverage, we should focus on the bottleneck channels identified in previous study. Therefore, PUCCH format 1 and PUCCH format 3 should be considered to evaluate how much coverage gain we can harvest from SBFD technology. 

According to the representative simulation results for Urban 4GHz TDD scenario and Urban 28GHz TDD NLOS O2I scenario in TR38.830, it is observed that PUCCH format 3 with 22 bits payload for FR1, PUCCH format 1 with 2 bits payload, format 3 with 11 bits payload, and format 3 with 22 bits payload for FR2-1 need to be enhanced.

Accordingly, we have the following proposal.
For link level evaluation of coverage performance, PUCCH should be evaluated with following assumptions.
· PUCCH format 3 with 22 bits payload for FR1
· PUCCH format 1 with 2 bits payload, format 3 with 11 bits payload, and format 3 with 22 bits payload for FR2-1
Schemes for link level evaluation of PUCCH coverage performance
In RAN1#112-bis e-meeting, it was determined to defer the discussion on how to evaluate PUCCH UL coverage performance. For PUSCH UL coverage study, schemes for joint channel estimation were agreed. The relevant initial proposal in summary and agreement for PUSCH UL coverage study are as below:
	Initial proposal 3-1-3(Suspended):
Regarding PUCCH UL coverage study,
· For baseline legacy TDD, single PUCCH in the U slot is assumed
· For SBFD, five repetitions of the PUCCH with and without DMRS bundling are assumed.
· UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR to achieve target BLER

Agreement
Regarding the Case 4 and Case 5 of schemes for PUSCH LLS coverage evaluation, two options are considered:
· Option 1 (baseline): joint channel estimation is applied only for the same symbol type
· Option 2: joint channel estimation is applied across SBFD and non-SBFD slots



If PUCCH is considered for coverage performance evaluation in LLS, the schemes for link level evaluation of case 2 and case 4 for PUSCH can be reused. Besides, schemes for PUCCH with repetition and DMRS bundling can reuse the schemes for PUSCH with repetition and joint channel estimation. Accordingly, the schemes for link level evaluation of PUCCH coverage performance can be described as below:
· For baseline legacy TDD, consider single PUCCH transmission in U slot
· For SBFD, consider the following techniques of coverage enhancement:
· Case 1: SBFD with PUCCH repetition
· Case 2: SBFD with PUCCH repetition and DMRS bundling
· Option 1 (baseline): DMRS bundling is applied only for the same symbol type
· Option 2: DMRS bundling is applied across SBFD and non-SBFD slots 
· UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR for target data rate.
Note: Evaluation accounts for different SINR level between SBFD and non-SBFD slots

Regarding the schemes for link level evaluation of PUCCH coverage performance,
-	For baseline legacy TDD, consider single PUCCH transmission in U slot
-	For SBFD, consider the following techniques of coverage enhancement:
•	Case 1: SBFD with PUCCH repetition
•	Case 2: SBFD with PUCCH repetition and DMRS bundling
o	Option 1 (baseline): DMRS bundling is applied only for the same symbol type
o	Option 2: DMRS bundling is applied across SBFD and non-SBFD slots
-	UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR for target data rate.
Note: Evaluation accounts for different SINR level between SBFD and non-SBFD slots.

SLS evaluation results for SBFD
In this section, we provide preliminary SLS evaluation results for SBFD deployment case 1 to investigate the performance gain offered by SBFD. The simulation is conducted with considering the parameters agreed in RAN1#112-bis e-meeting. We also provide results for DL transmission in order to analyze the impacts on DL direction. 
We provide the SLS evaluation results for 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 is also evaluated. More detail 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:
SBFD subband and slot configurations in FR1: 
· 100MHz channel bandwidth and 30kHz SCS (273 PRB) for legacy TDD and SBFD
· Legacy TDD-DDDSU: Legacy TDD with TDD UL-DL configuration DDDSU. 
· SBFD-XXXXU-UL: 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. UL sensitivity degradation of 1dB is assumed when modelling self-interference. 
DL/UL FTP packet size in traffic model
· Asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL
· Asymmetric packet size with 0.5Mbyte 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}

2.4.1 System simulation results for Urban Macro scenario
In this section, the evaluation results for Urban Macro scenario are provided which take different assumptions into account.
Interference analysis
Asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL is considered in interference analysis. The evaluation results for legacy TDD (left) and SBFD (right) in Urban Macro scenario are illustrated in Figure 1 and Figure 2. The descriptions for the legends are as follows.
· UL/DL_Legacy_INR: Legacy UL/DL interference to noise ratio
· UL_InterSite/N: Inter-site gNB-gNB co-channel inter-subband CLI to noise ratio
· UL_CoSite/N: Co-site gNB-gNB co-channel inter-subband CLI to noise ratio
· DL_CLI/N: UE-UE co-channel inter-subband CLI to noise ratio
· UL_SI/N: Self-interference to noise ratio 
· UL/DL_all_INR: All interference in UL/DL to noise ratio 
· UL/DL_SNR: UL/DL signal to noise ratio 
· UL/DL_SINR: UL/DL signal to interference and noise ratio

It can be observed that:
· Co-site/inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 65% /35% probability in low RU.
· Co-site/Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 15%/85% probability in Medium RU. 
· Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 95% probability in High RU. 
· Legacy UL interference and self-interference can be ignored when compared with co-site gNB-gNB co-channel inter-subband CLI and inter-site gNB-gNB co-channel inter-subband CLI.
· UE-UE co-channel inter-subband CLI dominates DL interference. 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
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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 Urban Macro scenario, the following observations can be observed for UL and DL interference
· In UL:
· Co-site/Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 65% /35% probability in low RU; 
· Co-site/Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 15%/85% probability in Medium RU;
· Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 95% probability in High RU. 
· Legacy UL interference and self-interference can be ignored when compared with Co-site gNB-gNB co-channel inter-subband CLI and Inter-site gNB-gNB co-channel inter-subband CLI in low, medium and high RU.
· In DL:
· With UE clustering distribution, UE-UE co-channel inter-subband CLI dominates DL interference. Legacy DL interference can be ignored in low, medium and high RU.
Total received power in gNB
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:
· In Urban Macro scenario, the total received power in gNB exceeds -43dBm with 10%, 45% and 85% probability for low, medium and high RU, respectively. Besides, the total received power in gNB is always smaller than -25dBm, which means that receiver will not be blocked.
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Figure 3 Total received power in gNB: (a) Low RU (b) Medium RU (c) High RU
In Urban Macro scenario, the following observations can be observed for piece wise BS noise figure
· The total received power in gNB exceeds -43dBm with 10%, 45% and 85% probability for low, medium and high RU, respectively. 
· The total received power in gNB is always smaller than -25dBm, and receiver will not be blocked.
UL and DL User Perceived Throughput
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.
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Figure 4 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)
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Figure 5 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)

Based on the simulation results, we can have the following observations:
· For DL Average-UPT: 
· DL UPT is degraded once UL subband is configured in DL slots, no matter which kind of RU is used.
· 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 nearly stays same with legacy TDD.
· Mean DL Average-UPT of SBFD decreases by about 20%, which is close to the DL resource deduction ratio.
· For UL Average-UPT: 
· UL UPT is improved with introduction of UL subband in SBFD slots.
· With increased transmission occasion for cell edge UEs, 5% UL Average-UPT for SBFD increased significantly.
· In ratio, improvement of UL performance is much more than the degradation of DL performance.
· The reason is that increase of UL resource (about 80%) is more significant than the degradation of DL resource (about 20%).

In Urban Macro scenario, following can be observed for DL/UL Average-UPT with simulation results:
· For DL Average-UPT: 
· DL UPT is degraded once UL subband is configured in DL slots, no matter which kind of RU is used.
· For cell edge UEs, the SINR decrease remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. As a result, 5% DL Average-UPT of SBFD decrease 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 nearly stays same with legacy TDD.
· Mean DL Average-UPT of SBFD decreases by about 20%, which is close to the DL resource deduction ratio.
· For UL Average-UPT: 
· UL UPT is improved with introduction of UL subband in SBFD slots.
· With increased transmission occasion for cell edge UEs, 5% UL Average-UPT for SBFD increased significantly.
· In ratio, improvement of UL performance is much more than the degradation of DL performance.
· The reason is that increase of UL resource (about 80%) is more significant than the degradation of DL resource (about 20%).
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.
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Figure 6 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)
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Figure 7 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)

Based on the simulation results, we can have the following observations:
· [bookmark: _Hlk134793457]For DL latency: 
· DL latency is increased once UL subband is configured in DL slots, no matter which kind of RU is used.
· For cell edge UEs, the SINR decreases remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. As a result, 95% DL latency of SBFD increases 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, small increases for 5% and 50% DL latency of SBFD are observed.
· For UL latency: 
· UL latency is reduced with introduction of UL subband in SBFD slots.
· With increased transmission occasion for cell edge UEs, 5% UL latency for SBFD reduces significantly.
· In ratio, improvement of UL performance is much more than the degradation of DL performance.

[bookmark: _Hlk135043653]In Urban Macro scenario, following can be observed for DL/UL latency with simulation result:
· For DL latency: 
· DL latency is increased once UL subband is configured in DL slots, no matter which kind of RU is used.
· For cell edge UEs, the SINR decreases remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. As a result, 95% DL latency of SBFD increases 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, small increases for 5% and 50% DL latency of SBFD are observed.
· For UL latency: 
· UL latency is reduced with introduction of UL subband in SBFD slots.
· With increased transmission occasion for cell edge UEs, 5% UL latency for SBFD reduces significantly.
· In ratio, improvement of UL performance is much more than the degradation of DL performance.
UL and DL resource utilization
Based on the simulation results, the DL and UL resource utilization at 5%, 50% and percentile are summarized in Figure 8 and Figure 9, respectively.
[image: ]
[bookmark: _Ref131790350]Figure 8 DL resource utilization for Urban Macro scenario
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[bookmark: _Ref131790357]Figure 9 UL resource utilization for Urban Macro scenario

Based on the simulation results, we can have the following observations:
· DL resource utilization is increased once UL subband is configured in DL slots across low, medium and high RU.
· The increase of DL resource utilization comes from less available DL resources in each SBFD slot
· UL resource utilization is reduced with introduction of UL subband in SBFD slots across low, medium and high RU.

[bookmark: _Hlk135043676]In Urban Macro scenario, we can have the following observations:
· DL resource utilization is increased once UL subband is configured in DL slots across low, medium and high RU.
· The increase of DL resource utilization comes from less available DL resources in each SBFD slot.
· UL resource utilization is reduced with introduction of UL subband in SBFD slots across low, medium and high RU.
2.4.2 System simulation results for InH scenario
In this section, the evaluation results for InH scenario are provided which take different assumptions into account.
Interference analysis
Asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL is considered in interference analysis. The evaluation results for legacy TDD (left) and SBFD (right) in InH scenario are illustrated in Figure 10 and Figure 11. The descriptions for the legends are as follows.
· UL/DL_Legacy_INR: Legacy UL/DL interference to noise ratio
· UL_InterSite/N: Inter-site gNB-gNB co-channel inter-subband CLI to noise ratio
· DL_CLI/N: UE-UE co-channel inter-subband CLI to noise ratio
· UL_SI/N: Self-interference to noise ratio 
· UL_all_INR/DL_all_INR: All interference in UL/DL to noise ratio 
· UL/DL_SNR: UL/DL signal to noise ratio 
· UL/DL_SINR: UL/DL signal to interference and noise ratio

It can be observed that:
· Legacy UL interference dominates UL interference in medium and high RU with nearly 100% probability. Inter-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in medium and high RU.
· Legacy UL interference dominates UL interference with 80% probability in low RU, self-interference dominates UL interference with 20% probability. Inter-site gNB-gNB co-channel inter-subband CLI can be ignored in low RU.
· Legacy DL interference dominates DL interference with 100% probability. 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
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(c) High RU for legacy TDD and SBFD
[bookmark: _Ref134712493]Figure 10 UL interference analysis for InH scenario
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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 11 DL interference analysis for InH scenario
[bookmark: _Hlk135043695]In InH scenario, the following observations can be observed for UL and DL interference
· Legacy UL interference dominates UL interference in medium and high RU with nearly 100% probability. Inter-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in medium and high RU.
· Legacy UL interference dominates UL interference with 80% probability in low RU, self-interference dominates UL interference with 20% probability. Inter-site gNB-gNB co-channel inter-subband CLI can be ignored in low RU.
· Legacy DL interference dominates DL interference with 100% probability. UE-UE co-channel inter-subband CLI can be ignored in low, medium and high RU.
Total received power in gNB
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:
· In InH scenario, the total received power in gNB is always smaller than -35dBm. Thus, the BS noise figure is always fixed to the minimum value 13dB.
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Figure 12 Total received power in gNB: (a) Low RU (b) Medium RU (c) High RU
[bookmark: _Hlk135043704]In InH scenario, the following observations can be observed for piece wise BS noise figure
· The total received power in gNB is always smaller than -35dBm and BS noise figure is always fixed to the minimum value 13dB.
UL and DL User Perceived Throughput
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.
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Figure 13 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)
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Figure 14 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)
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Figure 15 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)
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Figure 16 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)

Based on the simulation results, we can have the following observations:
· DL user perceived throughput is degraded significantly once UL subband is configured in DL slots, no matter which kind of RU is used.
· 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
· UL user perceived throughput is improved with introduction of UL subband in SBFD slots.
· Considering that 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, significant performance gain can be observed when UL subband is introduced.
· In ratio, improvement of UL performance is much more than the degradation of DL performance. 

[bookmark: _Hlk135043715]In InH scenario, following can be observed for DL/UL Average-UPT:
· DL UPT is degraded significantly once UL subband is configured in DL slots, no matter which kind of RU is used.
· 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
· UL UPT is improved with introduction of UL subband in SBFD slots.
· Considering that 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, significant performance gain can be observed when UL subband is introduced.
· In ratio, improvement of UL performance is much more 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.
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Figure 17 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)
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Figure 18 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)
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Figure 19 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)
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Figure 20 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)

Based on the simulation results, we can have the following observations:
· DL latency is increased once UL subband is configured in DL slots.
· The degradation of performance comes from less available DL resources in each SBFD slot
· UL latency is reduced with introduction of UL subband in SBFD slots.
· Significant performance gain can be observed when UL subband is introduced.
· In ratio, the magnitudes of improvement for UL performance are greater than degradation for DL performance.

[bookmark: _Hlk135043727]In InH scenario, following can be observed for DL/UL latency:
· DL latency is increased once UL subband is configured in DL slots.
· The degradation of performance comes from less available DL resources in each SBFD slot
· UL latency is reduced with introduction of UL subband in SBFD slots.
· Significant performance gain can be observed when UL subband is introduced.
· In ratio, the magnitudes of improvement for UL performance are greater than degradation for DL performance.
UL and DL resource utilization
Based on the simulation results, the DL and UL resource utilization at 5%, 50% and percentile are summarized in Figure 21 and Figure 22, respectively.
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[bookmark: _Ref127550453]Figure 21 DL resource utilization for InH scenario
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[bookmark: _Ref127550460]Figure 22 UL resource utilization for InH scenario
Based on the simulation results, we can have the following observations:
· DL resource utilization is increased once UL subband is configured in DL slots across low, medium and high RU.
· The increase of DL resource utilization comes from less available DL resources in each SBFD slot
· UL resource utilization is reduced with introduction of UL subband in SBFD slots across low, medium and high RU.

[bookmark: _Hlk135043738]In InH scenario, following can be observed for resource utilization:
· DL resource utilization is increased once UL subband is configured in DL slots across low, medium and high RU.
· The increase of DL resource utilization comes from less available DL resources in each SBFD slot.
· UL resource utilization is reduced with introduction of UL subband in SBFD slots across low, medium and high RU.
Conclusion  
[bookmark: _GoBack]In this contribution, we provide our views on evaluation on NR duplex evolution. We have the following observations:

1. Same UL/DL resource percentage per TDD period for same SBFD subband configuration (Alt 1/2/4) is helpful for comparison of evaluation results.

Same assumption on guard symbols should be achieved to enable same UL/DL resource percentage per TDD period for same SBFD subband configuration (Alt 1/2/4).

In Urban Macro scenario, the following observations can be observed for UL and DL interference
· In UL:
· Co-site/Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 65% /35% probability in low RU; 
· Co-site/Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 15%/85% probability in Medium RU;
· Inter-site gNB-gNB co-channel inter-subband CLI dominates UL interference with 95% probability in High RU. 
· Legacy UL interference and self-interference can be ignored when compared with Co-site gNB-gNB co-channel inter-subband CLI and Inter-site gNB-gNB co-channel inter-subband CLI in low, medium and high RU.
· In DL:
· With UE clustering distribution, UE-UE co-channel inter-subband CLI dominates DL interference. Legacy DL interference can be ignored in low, medium and high RU.

In Urban Macro scenario, the following observations can be observed for piece wise BS noise figure
· The total received power in gNB exceeds -43dBm with 10%, 45% and 85% probability for low, medium and high RU, respectively. 
· The total received power in gNB is always smaller than -25dBm, and receiver will not be blocked.

In Urban Macro scenario, following can be observed for DL/UL Average-UPT with simulation results:
· For DL Average-UPT: 
· DL UPT is degraded once UL subband is configured in DL slots, no matter which kind of RU is used.
· For cell edge UEs, the SINR decrease remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. As a result, 5% DL Average-UPT of SBFD decrease 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 nearly stays same with legacy TDD.
· Mean DL Average-UPT of SBFD decreases by about 20%, which is close to the DL resource deduction ratio.
· For UL Average-UPT: 
· UL UPT is improved with introduction of UL subband in SBFD slots.
· With increased transmission occasion for cell edge UEs, 5% UL Average-UPT for SBFD increased significantly.
· In ratio, improvement of UL performance is much more than the degradation of DL performance.
· The reason is that increase of UL resource (about 80%) is more significant than the degradation of DL resource (about 20%).

In Urban Macro scenario, following can be observed for DL/UL latency with simulation result:
· For DL latency: 
· DL latency is increased once UL subband is configured in DL slots, no matter which kind of RU is used.
· For cell edge UEs, the SINR decreases remarkably since UE-UE co-channel inter-subband CLI dominates DL interference. As a result, 95% DL latency of SBFD increases 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, small increases for 5% and 50% DL latency of SBFD are observed.
· For UL latency: 
· UL latency is reduced with introduction of UL subband in SBFD slots.
· With increased transmission occasion for cell edge UEs, 5% UL latency for SBFD reduces significantly.
· In ratio, improvement of UL performance is much more than the degradation of DL performance.

In Urban Macro scenario, we can have the following observations:
· DL resource utilization is increased once UL subband is configured in DL slots across low, medium and high RU.
· The increase of DL resource utilization comes from less available DL resources in each SBFD slot.
· UL resource utilization is reduced with introduction of UL subband in SBFD slots across low, medium and high RU.

In InH scenario, the following observations can be observed for UL and DL interference
· Legacy UL interference dominates UL interference in medium and high RU with nearly 100% probability. Inter-site gNB-gNB co-channel inter-subband CLI and self-interference can be ignored in medium and high RU.
· Legacy UL interference dominates UL interference with 80% probability in low RU, self-interference dominates UL interference with 20% probability. Inter-site gNB-gNB co-channel inter-subband CLI can be ignored in low RU.
· Legacy DL interference dominates DL interference with 100% probability. UE-UE co-channel inter-subband CLI can be ignored in low, medium and high RU.

In InH scenario, the following observations can be observed for piece wise BS noise figure
· The total received power in gNB is always smaller than -35dBm and BS noise figure is always fixed to the minimum value 13dB.

In InH scenario, following can be observed for DL/UL Average-UPT:
· DL UPT is degraded significantly once UL subband is configured in DL slots, no matter which kind of RU is used.
· 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
· UL UPT is improved with introduction of UL subband in SBFD slots.
· Considering that 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, significant performance gain can be observed when UL subband is introduced.
In ratio, improvement of UL performance is much more than the degradation of DL performance.

In InH scenario, following can be observed for DL/UL latency:
· DL latency is increased once UL subband is configured in DL slots.
· The degradation of performance comes from less available DL resources in each SBFD slot
· UL latency is reduced with introduction of UL subband in SBFD slots.
· Significant performance gain can be observed when UL subband is introduced.
· In ratio, the magnitudes of improvement for UL performance are greater than degradation for DL performance.

In InH scenario, following can be observed for resource utilization:
· DL resource utilization is increased once UL subband is configured in DL slots across low, medium and high RU.
· The increase of DL resource utilization comes from less available DL resources in each SBFD slot.
· UL resource utilization is reduced with introduction of UL subband in SBFD slots across low, medium and high RU.

Based on the aforementioned discussion and observation, we have the following proposals:

1. For SLS evaluation purposes only, guard symbols for switching between SBFD and non-SBFD symbols assumed in the SBFD operation is as follows:
· For SBFD antenna configuration Option 2/3:
· Baseline: Zero guard symbol
· Optional: Two guard symbols
· For SBFD antenna configuration Option 1:
· Baseline: Two guard symbols

For BS noise figure, the working assumption can be updated as follows.
· For InH (FR1) scenario/ Layer 2 (InH or InF) in SBFD Case 3-2
· Option 1: <A, B, C, D> = <-35, -17, 13, 22>
· Option 2: 13dB
· For Dense Urban with 2-layer (FR1) scenarios
· For Macro layer:
· Option 1: <A, B, C, D> = <-43, -25, 5, 14> (w/o sub-band filter)
· Option 2: <A, B, C, D> = <-35, -17, 5, 14> (w/ sub-band filter)
· Option 3: 5dB
· For Micro layer:
· Option 1: <A, B, C, D> = <-38, -20, 10, 19>
· Option 2: 10dB

For link level evaluation of coverage performance, PUCCH should be evaluated with following assumptions.
· PUCCH format 3 with 22 bits payload for FR1
· PUCCH format 1 with 2 bits payload, format 3 with 11 bits payload, and format 3 with 22 bits payload for FR2-1

Regarding the schemes for link level evaluation of PUCCH coverage performance,
-	For baseline legacy TDD, consider single PUCCH transmission in U slot
-	For SBFD, consider the following techniques of coverage enhancement:
•	Case 1: SBFD with PUCCH repetition
•	Case 2: SBFD with PUCCH repetition and DMRS bundling
o	Option 1 (baseline): DMRS bundling is applied only for the same symbol type
o	Option 2: DMRS bundling is applied across SBFD and non-SBFD slots
-	UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR for target data rate.
Note: Evaluation accounts for different SINR level between SBFD and non-SBFD slots.
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Appendix
Simulation assumptions for SBFD SLS
Table 1 Simulation parameters for Urban Macro scenario in FR1
	Parameters
	Values 

	Carrier frequency
	4 GHz

	System bandwidth
	Baseline: 100MHz

	Numerology
	14 OFDM symbol per slot, SCS = 30kHz

	BS Tx power
	53 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD

For SBFD antenna configuration Option-2, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always the same as that for legacy TDD

Baseline (Option 1): BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols.

	UE Tx power
	23 dBm

	Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	Inter-BS distance
	500 m

	Minimum BS-UE (2D) distance
	35 m

	Minimum UE-UE (2D) distance
	1 m

	BS antenna height
	25 m

	UE distribution
	UE Clustering

	Number of UEs per Macro TRP 
	20

	UE cluster number per macro cell (X)
	2 

	UE number per cluster
	8

	UE outdoor/indoor proportion
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
Note: UEs dropped within the UE cluster(s) are indoor with 3km/h; UEs dropped outside the UE cluster(s) are outdoor in car with 30km/h

	Indoor UE height (m)
	1.5m

	Outdoor UE height (m)
	1.5m

	Radius of cluster (R)
	25m

	Minimum distance between macro TRP to UE cluster center (Dmacro-to-cluster)
	60m

	Minimum distance between two UE cluster centers (Dinter-cluster)
	50m

	gNB-UE Channel model (large -scale)
	Macro-to-UE: UMa in TR 38.901
For FR1, gNB-UE O2I penetration loss: 80% low-loss model, 20% high-loss model

	gNB-gNB Channel model (large-scale)
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
LOS probability: If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 0.75; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

	UE-UE Channel model (large-scale)
	Baseline: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m).
For FR1, penetration loss between UEs follows Table A.2.1-12 in TR38.802
Regarding baseline (Option 2) of UE-UE channel model for Dense urban/Urban macro scenarios, use NLOS when two indoor UEs are in different buildings.

	SBFD and slot configuration
	Alt 2 (TDD{DDDSU}, SBFD{XXXXU})
•	For FR1 
o	Baseline: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>

	Traffic model
	Each UE is assigned both UL traffic and DL traffic.
FTP model 3 with DL/UL FTP packet size: 
· Asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL
· Asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL
DL/UL traffic load:
· {DL:UL}={Low, Low}
· {DL:UL}={Medium, Medium}
· {DL:UL}={High, High}

	BS antenna configurations for legacy TDD
	= (8,8,2,1,1;2,8) 
 = (0.5, 0.8)λ,  +45°/-45° polarization

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

	BS antenna radiation pattern
	reuse 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

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

	BS receiver noise figure
	5 dB/piece wise noise figure

	UE receiver noise figure
	9 dB 

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

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

	Handover margin (dB)
	3 dB

	UE attachment
	Based on RSRP from port 0

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

	DL/UL modulation
	Up to 256QAM

	Transmission scheme
	SU-MIMO with single layer for both DL and UL

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

	Electronic tilt
	(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)
	-

	SI suppression capability
	UL receiver sensitivity degradation of 1dB

	Co-site inter-sector suppression capability
	100dB for spatial isolation
BS ACLR is 45dB
BS ACS is 46dB

	Output
	Average-UPT CDF related metrics and Packet-Latency CDF related metrics
UL/DL UPT (5%,50%, 95%), UL/DL Latency, Resource utilization



Table 2 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 3 Simulation parameters for InH scenario
	Parameters
	Values 

	Carrier frequency
	4 GHz

	System bandwidth
	Baseline: 100MHz

	Numerology
	14 OFDM symbol per slot, SCS = 30kHz

	BS Tx power
	24 dBm for 100MHz is assume for maximum BS transmit power for legacy TDD

For SBFD antenna configuration Option-2, in both DL-only symbols and SBFD symbols, the maximum BS transmit power for SBFD is always the same as that for legacy TDD

Baseline (Option 1): BS transmit power spectrum density per Tx chain is kept the same for SBFD symbols and DL-only symbols.

	UE Tx power
	23 dBm

	Layout
	12 TRPs per 120m x 50m x 3m
- 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

	Inter-BS distance
	20 m

	Minimum BS-UE (2D) distance
	0 m

	Minimum UE-UE (2D) distance
	1 m

	BS antenna height
	3 m

	UE distribution
	Uniform

	Number of UEs per Macro TRP 
	10

	UE cluster number per macro cell (X)
	-

	UE number per cluster
	-

	UE outdoor/indoor proportion
	100% indoor in houses: 3km/h

	Indoor UE height (m)
	1.5m

	Outdoor UE height (m)
	-

	Radius of cluster (R)
	-

	Minimum distance between macro TRP to UE cluster center (Dmacro-to-cluster)
	-

	Minimum distance between two UE cluster centers (Dinter-cluster)
	-

	gNB-UE Channel model (large -scale)
	InH-Office in TR 38.901
Penetration loss is not modelled.

	gNB-gNB Channel model (large-scale)
	InH-Office in TR 38.901 (hUE =3m)
Penetration loss is not modelled.

	UE-UE Channel model (large-scale)
	InH-Office in TR 38.901 (hBS =1.5m)

	SBFD and slot configuration
	Alt 2 (TDD{DDDSU}, SBFD{XXXXU})
•	For FR1 
o	Baseline: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>

	Traffic model
	Each UE is assigned both UL traffic and DL traffic.
FTP model 3 with DL/UL FTP packet size: 
· Asymmetric packet size with 4Kbytes for DL and 1Kbyte for UL
· Asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL
DL/UL traffic load:
· {DL:UL}={Low, Low}
· {DL:UL}={Medium, Medium}
· {DL:UL}={High, High}

	BS antenna configurations for legacy TDD
	 
 = (0.5, 0.5)λ,  +45°/-45° polarization

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

	BS antenna radiation pattern
	reuse Table 10 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

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

	BS receiver noise figure
	5 dB

	UE receiver noise figure
	9 dB 

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

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

	Handover margin (dB)
	3 dB

	UE attachment
	Based on RSRP from port 0

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

	DL/UL modulation
	Up to 256QAM

	Transmission scheme
	SU-MIMO with single layer for both DL and UL

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

	Electronic tilt
	90° in LCS

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

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

	SI suppression capability
	UL receiver sensitivity degradation of 1dB

	Co-site inter-sector suppression capability
	100dB for spatial isolation
BS ACLR is 45dB
BS ACS is 46dB

	Output
	Average-UPT CDF related metrics and Packet-Latency CDF related metrics
UL/DL UPT (5%,50%, 95%), UL/DL Latency, Resource utilization


Detailed evaluation results
InH scenario with asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL
	[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
	454.08
	371.51
	-18.18%
	430.98
	349.14
	-18.99%
	333.64
	316.83
	-5.04%

	
	5%
	362.94
	306.04
	-15.68%
	328.31
	223.18
	-32.02%
	241.04
	222.37
	-7.75%

	
	50%
	465.99
	382.83
	-17.85%
	453.66
	366.28
	-19.26%
	335.31
	331.79
	-1.05%

	
	95%
	483.12
	395.28
	-18.18%
	482.69
	395.82
	-18.00%
	486.71
	365.47
	-24.91%

	UL Average-UPT (Mbps)
	Mean
	54.022
	139.59
	158.39%
	46.66
	118.46
	153.88%
	40.27
	107.22
	166.25%

	
	5%
	28.113
	111.74
	297.47%
	23.18
	77.96
	236.32%
	13.58
	52.08
	283.51%

	
	50%
	48.258
	136.25
	182.34%
	42.32
	119.47
	182.30%
	38.21
	109.29
	186.02%

	
	95%
	106.386
	166.87
	56.85%
	84.03
	165.35
	96.77%
	80.25
	147.14
	83.35%

	DL Packet-Latency CDF (ms)
	Mean
	9.533
	11.281
	18.34%
	11.47
	11.545
	0.65%
	11.808
	15.628
	32.35%

	
	5%
	8.546
	10.561
	23.58%
	8.58
	10.525
	22.67%
	10.557
	8.725
	-17.35%

	
	50%
	8.98
	10.902
	21.40%
	9.308
	10.924
	17.36%
	10.879
	13.538
	24.44%

	
	95%
	10.722
	11.998
	11.90%
	20.423
	21.086
	3.25%
	26.165
	30.264
	15.67%

	UL Packet-Latency CDF (ms)
	Mean
	12.338
	5.524
	-55.23%
	21.337
	6.378
	-70.11%
	49.619
	7.106
	-85.68%

	
	5%
	8.314
	4.544
	-45.35%
	8.652
	4.616
	-46.65%
	10.188
	4.623
	-54.62%

	
	50%
	10.205
	5.073
	-50.29%
	15.282
	5.8
	-62.05%
	23.235
	6.295
	-72.91%

	
	95%
	22.607
	7.691
	-65.98%
	56.479
	9.904
	-82.46%
	109.137
	11.936
	-89.06%

	DL RU (%)
	Type-1
	5.34%
	6.36%
	19.10%
	15.88%
	25.94%
	63.35%
	43.58%
	38.97%
	-10.58%

	
	Type-2
	6.92%
	10.43%
	50.72%
	20.59%
	42.55%
	106.65%
	56.49%
	63.93%
	13.17%

	UL RU (%)
	Type-1 
	1.58%
	1.68%
	6.33%
	5.37%
	4.03%
	-24.95%
	11.01%
	8.91%
	-19.07%

	
	Type-2 
	7.92%
	4.64%
	-41.41%
	26.85%
	11.17%
	-58.40%
	55.05%
	24.67%
	-55.19%

	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
	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
	41.617
	41.495
	-0.29%
	31.851
	28.607
	-10.18%
	31.221
	25.282
	-19.02%

	
	5%
	39.727
	38.998
	-1.84%
	19.875
	15.621
	-21.40%
	17.365
	3.508
	-79.80%

	
	50%
	41.675
	41.594
	-0.19%
	31.035
	27.073
	-12.77%
	31.308
	24.891
	-20.50%

	
	95%
	43.983
	43.608
	-0.85%
	41.375
	40.473
	-2.18%
	41.151
	39.326
	-4.43%

	UL Average-UPT (Mbps)
	Mean
	5.781
	11.037
	90.92%
	5.421
	9.486
	74.99%
	4.784
	8.621
	80.20%

	
	5%
	5.354
	10.03
	87.34%
	4.959
	6.979
	40.73%
	2.531
	6.252
	147.02%

	
	50%
	5.778
	11.186
	93.60%
	5.471
	9.748
	78.18%
	5.127
	8.588
	67.51%

	
	95%
	6.274
	11.617
	85.16%
	5.701
	11.211
	96.65%
	5.492
	11.073
	101.62%

	DL Packet-Latency CDF (ms)
	Mean
	0.853
	0.877
	2.81%
	1.427
	1.961
	37.42%
	1.62
	4.915
	203.40%

	
	5%
	0.531
	0.545
	2.64%
	0.55
	0.565
	2.73%
	0.554
	0.571
	3.07%

	
	50%
	0.811
	0.814
	0.37%
	1.03
	1.241
	20.49%
	1.045
	1.325
	26.79%

	
	95%
	1.385
	1.49
	7.58%
	3.52
	5.03
	42.90%
	4.255
	15.28
	259.11%

	UL Packet-Latency CDF (ms)
	Mean
	1.799
	0.804
	-55.31%
	2.001
	1.027
	-48.68%
	3.389
	1.194
	-64.77%

	
	5%
	0.629
	0.527
	-16.22%
	0.645
	0.537
	-16.74%
	0.679
	0.546
	-19.59%

	
	50%
	1.791
	0.763
	-57.40%
	1.914
	0.866
	-54.75%
	2.16
	0.95
	-56.02%

	
	95%
	2.924
	1.061
	-63.71%
	3.807
	2.105
	-44.71%
	7.6
	2.639
	-65.28%

	DL RU (%)
	Type-1
	7.53%
	7.50%
	-0.40%
	23.53%
	23.15%
	-1.61%
	40.01%
	37.63%
	-5.95%

	
	Type-2
	9.76%
	12.31%
	26.13%
	30.50%
	37.98%
	24.52%
	51.87%
	61.74%
	19.03%

	UL RU (%)
	Type-1 
	0.76%
	0.80%
	-0.40%
	4.98%
	4.64%
	-6.83%
	10.28%
	8.64%
	-15.95%

	
	Type-2 
	3.81%
	2.22%
	-41.73%
	24.92%
	12.84%
	-48.48%
	51.42%
	23.91%
	-53.50%

	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
	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
	39.671
	35.456
	-10.62%
	38.352
	30.918
	-19.38%
	36.431
	28.538
	-21.67%

	
	5%
	22.663
	9.578
	-57.74%
	23.167
	2.388
	-89.69%
	20.511
	4.947
	-75.88%

	
	50%
	41.343
	39.827
	-3.67%
	40.749
	38.507
	-5.50%
	40.462
	37.413
	-7.54%

	
	95%
	43.322
	43.119
	-0.47%
	42.701
	42.388
	-0.73%
	42.141
	41.953
	-0.45%

	UL Average-UPT (Mbps)
	Mean
	3.401
	6.341
	86.45%
	2.982
	5.809
	94.80%
	2.687
	5.404
	101.12%

	
	5%
	0.251
	0.922
	267.33%
	0.167
	0.747
	347.31%
	0.041
	0.585
	1326.83%

	
	50%
	4.215
	6.409
	52.05%
	1.937
	5.839
	201.45%
	1.713
	5.473
	219.50%

	
	95%
	6.509
	11.748
	80.49%
	6.202
	11.498
	85.39%
	5.804
	11.297
	94.64%

	DL Packet-Latency CDF (ms)
	Mean
	0.972
	1.611
	65.74%
	1.044
	2.141
	105.08%
	1.185
	42.885
	3518.99%

	
	5%
	0.532
	0.543
	2.07%
	0.536
	0.546
	1.87%
	0.539
	0.547
	1.48%

	
	50%
	0.839
	0.897
	6.91%
	0.861
	0.957
	11.15%
	0.894
	0.965
	7.94%

	
	95%
	1.499
	3.808
	154.04%
	1.937
	10.584
	446.41%
	2.434
	71.731
	2847.04%

	UL Packet-Latency CDF (ms)
	Mean
	4.369
	1.586
	-63.70%
	4.864
	1.729
	-64.45%
	9.691
	1.929
	-80.09%

	
	5%
	0.698
	0.541
	-22.49%
	0.704
	0.546
	-22.44%
	0.717
	0.549
	-23.43%

	
	50%
	2.381
	0.898
	-62.28%
	2.455
	0.959
	-60.94%
	2.606
	0.992
	-61.93%

	
	95%
	16.379
	5.492
	-66.47%
	18.647
	10.584
	-43.24%
	34.329
	6.451
	-81.21%

	DL RU (%)
	Type-1
	5.37%
	11.16%
	107.86%
	16.59%
	37.17%
	124.10%
	40.01%
	56.53%
	41.27%

	
	Type-2
	6.96%
	18.31%
	163.07%
	21.50%
	60.98%
	183.63%
	51.87%
	92.74%
	78.79%

	UL RU (%)
	Type-1 
	1.96%
	1.42%
	-27.84%
	5.18%
	5.43%
	4.71%
	10.88%
	12.97%
	19.16%

	
	Type-2 
	9.81%
	3.92%
	-60.04%
	25.92%
	15.03%
	-42.01%
	54.42%
	35.91%
	-34.01%

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