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Introduction
For Rel-18, a study item on evolution of NR duplex operation has been approved [1], where the objectives identified for the study item are as follows:
	    The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.



In RAN1#112bis-e meeting [6], RAN1 continued discussions on this topic. As a result, some agreements and further discussion points were outlined which are listed below:
	Agreement
For link level evaluation of coverage performance, MPL, MCL and MIL as defined in TR38.830 are used as the performance metrics.

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

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

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 this contribution, we discuss evaluation assumption and methodology for study on NR-duplex evolution, and provide our LLS and SLS results.
Discussions
Deployment scenarios and evaluation methodology
NR supports dynamic/flexible time division duplex (TDD) based on a slot format indicator (SFI) that can be indicated to a group of UEs by a group-common (GC) DCI (format 2_0). In addition, semi-static configurations via tdd-UL-DL-config-common/dedicated can be configured, where the transmission pattern for each slot/symbol can be configured as either of ‘D’ as downlink, ‘U’ as uplink, and ‘F’ as flexible.
Up to NR Rel-17, most practical assumptions for duplexing are half duplex (HD) for both gNB and UE. In Rel-18, enhancements to support full duplex (FD) at least for gNB have been proposed and endorsed as the study item, see Figure 1. Moreover, subband non-overlapping FD (SBFD), as illustrated in Figure 2, has been identified as a promising approach, since it offers greatly reduced FD implementation complexity in terms of cancelling self-interference (SI) and mitigating cross-link interference (CLI), at least, at the gNB side.
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Figure 1. Illustration on NR TDD framework based on FD-gNB and HD-UEs in a cell
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Figure 2. Illustration on subband non-overlapping FD-gNB and HD-UEs in a cell

Considering a single UE perspective, a UE in a cell illustrated in Figure 2 can be informed of the mixed D/U transmission patterns across RBs per symbol/slot, where the UE can perform an UL Tx when the scheduled UL Tx is matched with an UL region of the mixed D/U transmission patterns on a given symbol/slot. For example, the UE can perform UL Tx on scheduled RBs across the adjacent 3 slots, as shown in Figure 2, which results in an UL coverage/capacity enhancement. As for the cell perspective, parallel DL transmissions toward other UEs over scheduled non-overlapping RBs can be performed by the FD-gNB.
In an SBFD scenario, the UEs that are close may experience inter-subband interference leakage. As such, it is necessary to investigate UE-to-UE CLI impacts to examine the potential benefits of SBFD. On the other hand, the studies have shown that scenarios based on fully-overlapping or partial-overlapping subband FD can be beneficial and achieve higher gains in specific traffic topologies, e.g., in small cells. Thus, the evaluations can be based on subband non-overlapping, followed by subband partial overlapping as well as subband overlapping scenarios.
Observation 1. Scenarios on subband non-overlapping (as for inter-subband CLI), subband partial overlapping and subband overlapping (as for intra-subband CLI) may achieve different gains based on at least traffic and/or cell sizes.
Proposal 1. Consider evaluating achieved gain and performance in subband non-overlapping scenario based on inter-subband CLI, followed by subband partial overlapping and subband overlapping scenarios based on intra-subband CLI.

Moreover, it has been agreed [2] that Rel-18 NR-duplex study considers both FR1 and FR2. Based on the above deployment scenarios, the study should take both intra- and inter-subband CLI effects into account for performance evaluation. Especially for the inter-subband CLI analysis, it should consider TX leakage power and effects on the rest of the RBs especially for adjacent RBs, depending on the actual resource allocation of the Tx in SBFD scenario.
Considering that the performance of the subband overlapping and subband non-overlapping scenarios depends on the traffic, cell size, etc., the evaluation can be performed on urban macro, micro, small cell, and indoor layouts. However, studies have shown [3] that the indoor scenarios where dropped UEs are in the same building can be the most important scenario which best presents the UE-to-UE CLI effects.
Proposal 2. Urban macro and indoor scenarios can be considered for evaluations in this study, where the indoor scenarios represent the most significant UE-to-UE CLI effects.

In the following sections, simulation assumptions and methodology based on our link-level and system-level simulation results are provided. In link-level simulations, we have addressed the impact of inter-subband and intra-subband CLI on the performance of the victim UE [4]. The results show the importance of such evaluations, as the results can be used to identify use cases and future target scenarios.
In system-level simulations, we have addressed the overall performance trade-off between DL and UL, in the presence of dynamic inter-cell CLI from neighbour cell(s) per slot basis. The results are provided in our companion contribution [5]. It is observed that while the performance depends on considered traffic model and DL/UL resource allocation scheme, application of CLI mitigation scheme is necessary for reliable communication in the presence of CLI.

LLS assumptions and analysis
In this subsection, we discuss LLS simulation assumptions and methodology based on our LLS results for study on NR-duplex. 
DL performance analysis by LLS
[bookmark: _Hlk101960048]We conduct the LLS to address the potential negative impacts on DL reception on a subband (e.g., RBs), when intra-subband CLI on the same overlapped subband or inter-subband CLI on adjacent or non-overlapped subband exists due to nearby other UE’s uplink transmissions. Simulation assumptions for the LLS are summarized in Table 1. 
We consider a duplexing scheme where the DL signal can be a couple of dBs less than, greater than or equal to the UL (CLI) signal. For a given UL (CLI) RB allocation, we evaluate the DL receiver performance for various RB allocations over the system bandwidth considering several degrees of intra and inter subband CLI overlaps as shown in Figure 3. For the initial results presented, no signal impairments due to PA nonlinearity or other imperfections are considered, where such impairments may further increase the adjacent inter-subband CLI level.  
[bookmark: _Hlk101961961]Table 1. LLS simulation assumptions
	Parameter
	Value

	Frequency Range
	FR1

	Antenna Configuration
	1Tx-2Rx

	Carrier Frequency
	4GHz

	SCS
	15kHz

	MCS
	4, 10, 19 and 27

	System BW
	20MHz

	Allocated no. of RBs for UL and DL signals
	DL (Victim): 1RB, 2RBs, 5RBs, 10 RBs, 25RBs, 50RBs 

	
	UL (Aggressor): 25RBs 

	DL to UL power ratio (dB) 
	-6dB, 0dB, 6dB, 18dB

	UL timing advance over DL  
	0 , 1/2 of a symbol, 1/4 of a symbol

	Propagation condition
	TDL-A 

	Delay Spread
	30ns

	UE Velocity
	3km/h

	DMRS
	DM-RS type-1, # of DMRS 1 + 1    

	Channel estimation
	Realistic

	Receiver Type
	MMSE

	PA nonlinearity
	None



The DL throughput performance is compared with a corresponding DL throughput performance with no intra/inter-subband CLI. 
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Figure 3. Normalized signal spectrum of UL and DL signals
Figure 3 shows the normalized power spectrum of 5MHz (25-RBs) DL signal when the signal is scheduled at different subband locations (shown in pink, sky blue, red and blue colors) in a 20MHz channel bandwidth relative to a 5MHz UL signal (green color). The UL signal introduces intra-subband CLI on the DL signal when it is fully or partially overlapped with the UL signal as shown by the pink and sky blue colors respectively. On the other hand, an inter-band CLI is introduced on the DL signal, shown by the red and blue colors, which are adjacent to a UL signal.  
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Figure 4. DL Throughput performance under various intra-subband CLI

Figure 4 shows throughput performance curves of a DL signal for various degrees (100%, 50% and 25%) of overlap with an UL signal introducing intra-subband CLI. It can be seen that DL throughput performance suffers considerably, below 40% of maximum throughput value and may even get below 10%, as a result of intra-subband CLI when there is an overlap in DL and UL subbands. Further results for this evaluation can be found in our companion contribution [4].
In addition, a realistic scenario would be to consider a timing advance (TA) on the UL signal originating from a neighboring cell. The timing advance can be a fraction of an OFDM symbol as demonstrated in Figure 5. The resulting effect of the TA on the UL signal may be to introduce inter-carrier interference on the UL signal and as a result increase the level of the inter-subband CLI.   
TA
Slot [1-ms]








Figure 5. An example demonstrating TA on a UL signal 

Observation 2: DL throughput performance suffers considerably as a result of intra-subband CLI when there is an overlap in DL and UL subbands.
It is worth to investigate performance variation on victim (DL) signal across different number of PRB allocations (e.g., 2, 5, 10, 25, and 50) to the victim signal, while fixing a number of PRB allocation (25PRB) for the CLI (UL) signal. As discussed in our companion contribution [4], it can be observed that the normalized throughput performance curves for the victim (DL) signal, where the normalization is conducted relative to the number of PRBs allocated to it, are shown to be degraded significantly as the frequency allocation (number of PRBs) of the victim signal decreases. It can also be seen that the relative degradation with lower number of frequency (PRB) allocation is considerable when there is 0PRB frequency gap between DL signal and the CLI (UL) signal compared to a frequency gap of 1PRB.
Proposal 3. Study performance of applying a frequency gap or guard RBs for a UL transmission in an SBFD framework for interference mitigation with regards to adjacent DL subbands.

UL performance analysis by LLS
In this section, we provide preliminary link level simulation performance results for SBFD relative to legacy TDD. The simulation assumptions corresponding to the performance results presented are provided in Appendix.
In the performance results provided, interference was modelled as additive white Gaussian noise with the inter-site gNB-gNB co-channel inter-subband CLI assumed to be the dominant interference. Furthermore, the interference power was set to a fixed -XdB as per analysis presented in [8]. The performance results aim to present the relative performance improvement in BLER provided by SBFD using Type A PUSCH repetition over adjacent slots. It can also be shown that further improvement in BLER can be obtained using joint channel estimation over adjacent UL slots. 
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Figure 6. BLER performance legacy TDD vs SBFD with type A UL repetition for FR-1 

[image: Chart, line chart

Description automatically generated]
Figure 7. BLER performance legacy TDD vs SBFD with type A UL repetition for FR-2 

Figure 6 and Figure 7 show BLER curves with relative performance gain of SBFD with type A UL repetition over legacy TDD for FR-1 and FR-2 respectively. For FR-1, the SBFD UL repetition was over 10MHz allocation (30PRBs) within a 100MHz channel bandwidth while for FR-2, the SBFD UL repetition was over 40MHz allocation within 100MHz channel bandwidth. Furthermore, the co-channel inter-subband CLI is modelled as AWGN with a variance of -7dB. It can be seen from Figure 6 that that SBFD clearly provides performance improvement over legacy TDD. For FR-1, the performance improvement in BLER over legacy TDD is around 5dB (Blue solid curve over yellow) at 10% BLER in the ideal case where no interference (i.e., CLI) is assumed whereas for FR-2 the improvement is, slightly lower, around 4dB. When -7dB interference power is assumed, it can be seen that the performance improvement over legacy TDD diminishes slightly to around 4.5dB (Blue dashed curve over yellow) for FR-1 and 3.5dB for FR-2. However, for FR-2, it can be seen from Figure-7 that the noise floor under CLI increases significantly at higher SNR level.
In order to take advantage of adjacent DMRS symbols over the repeated UL slots, we also evaluated the performance where channel estimation for a current slot uses the previously UL slot’s DMRS symbols in addition to the DMRS symbols in the current slot. By applying channel estimation over adjacent slots, it can be seen from Figure 6 and Figure 7 (green curves) that BLER performance is further improved by 1dB (green curves over blue curves) at 10% BLER for both FR-1 and FR-2.   
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Figure 8a. SNR@10%BLER with for varying level of interference power for FR-1
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Figure 8b. SNR@10%BLER with for varying level of interference power for FR-2

In order to illustrate performance difference with varying level of interference power, Figure 8 shows the SNR at 10% BLER for both FR-1 and FR-2 as a function of interference power. It can be seen that for both FR-1 and FR-2, the SNR at 10% BLER increases significantly when interference power level is set above -2dB whereas for interference power level below -7dB, the SNR at 10% BLER remains around the same. It can also be seen that when channel estimation utilizes DMRS symbols from adjacent slot, the SNR at 10% BLER improves. The improvement in the SNR at 10% BLER, when using adjacent slot’s and current slot’s DMRS symbols, is significant when interference power level exceeds -2dB. 
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Figure 9. BLER performance SBFD: DXXXU vs XXXXU with type A UL repetition for FR-1 
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Figure 10. BLER performance SBFD: DXXXU vs XXXXU with type A UL repetition for FR-2 
Figure 9 and Figure 10 further show the difference in BLER performance between SBFD: DXXXU and XXXXU with type A UL repetition for FR-1 and FR-2 respectively. It can be seen from both Figure 9 and Figure 10 that BLER performance improves by about 0.5dB when using the SBFD frame structure XXXXU when compared with DXXXU. 
On explicit modeling of CLI
In order to analyze the accuracy of the additive white Gaussian noise assumption for modelling the inter-site gNB-gNB co-channel inter-subband CLI, we provide BLER performance curves for SBFD:XXXXU with UL repetition where CLI is explicitly modelled. The explicit modelling considers both gNB_gNB inter-subband CLI (where a PDSCH transmission across a TDL-D (LoS channel) is applied) and UE_gNB CLI. A PDSCH transmission (TPDSCH) across a fading channel (CPDSCH) and a PUSCH transmission (TPUSCH) across a fading channel (CPUSCH) are added to the SBFD:XXXXU transmission (TSBFD) as explicit interference model such that the received signal would be 
RSBFD = TSBFD*CSBFD + TPDSCH*CPDSCH + TPUSCH*CPUSCH
Additionally, the gNB_gNB CLI power is set to be -7dB while the UE_gNB intereference power is set to -12dB.
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Figure 11. BLER performance SBFD: DXXXU vs XXXXU with type A UL repetition for FR-2 

It can be seen from Figure 11 that the 10% BLER performance degrades by less that 1dB when using explicit modelling of the interferences compared to AWGN modelling. However, the degradation could also be as a result of considering the UE_gNB interference with -12dB intereference power. Careful consideration should be given to the UE_gNB intereference power assumed when employing excplict modelling of gNB_gNB and UE_gNB interferences. 
Coverage performance gain for SBFD by LLS
In this section, we provide the coverage performance of SBFD with UL repetition and legacy TDD according to the agreement in [6]. Analysis of the coverage performance was done based on the LLS results provided in the previous section considering various interference levels. We further conducted analysis on the coverage performance of SBFD with UL repetition using link budget analysis. The gain in coverage performance over legacy TDD is provided. The link budget template provided in [9] is used for the analysis and based on which MCL, MIL and MPL are computed. Tables 1a and 1b provides the coverage performance for PUSCH in urban macro (FR1) and dense urban macro (FR2) scenarios where in SBFD, CLI is modelled as AWGN. The coverage performances are provided for CLI=3dB and CLI=-7dB for both FR1 and FR2.
Table 1a. Coverage performance for FR1 PUSCH in Urban Macro scenario
	PUSCH-FR1-Urban Macro

	CLI in dB
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	3dB
	TDD
	1
	67
	72
	64
	TDD:DDDSU
SBFD: XXXXU 
 

	
	SBFD
	-1.8
	70
	75
	67
	

	
	Gain
	2.8
	3
	3
	3
	

	-7dB 
	TDD
	1
	67
	72
	64
	

	
	SBFD
	-5.89
	74
	79
	71
	

	
	Gain
	6.89
	7
	7
	7
	



Table 1b. Coverage performance for FR1 PUSCH in Urban Macro scenario
	PUSCH-FR2-Dense Urban Macro

	CLI in dB
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	3dB
	TDD
	0.6
	68
	105.5
	85.5
	TDD:DDDSU 
SBFD: XXXXU 

 

	
	SBFD
	-1.5
	70.5
	107.5
	87.5
	

	
	Gain
	2.1
	2.5
	2
	2
	

	-7dB
	TDD
	0.6
	68
	105.5
	85.5
	

	
	SBFD
	-4.9
	74
	111
	91
	

	
	Gain
	5.5
	6
	5.5
	5.5
	



It can be seen from the table that the gain in coverage performance provided by SBFD UL repetition is proportional to the gain in the required SNR for 10%BLER. As the level of CLI decreases, the gain in coverage performance provided by SBFD UL increases up to 7dB for FR1 and up to 6dB for FR2 for MCL, MIL and MPL. 

SLS assumptions and analysis
[bookmark: _Hlk101869626][bookmark: _Hlk101869716]In this subsection, we discuss SLS simulation assumptions and methodology based on our initial SLS results for study on NR-duplex. We conduct the SLS to see how much of a negative impact on DL and UL reception in a cell can be observed, when inter-cell CLI from neighbour cell(s) may be present dynamically per slot basis. We consider an Indoor office scenario, details of which are provided in Table 2. For the evaluation, we compare performance of a baseline TDD scheme, where all gNBs/cells in the deployment use an aligned (common) TDD configuration, with a flexible duplex scheme where each gNB can independently and dynamically select the TDD configuration that will best serve its traffic needs. 
Details regarding the TDD configurations can be found in Table 3. No CLI mitigation schemes are employed for these simulations. In addition, there is no UL power control and all UEs transmit at the maximum transmit power. The results for this evaluation can be found in our companion contribution [5]. Our results highlight the detrimental effects of CLI on both DL and UL UPT, highlighting the need for effective CLI management schemes. 
Table 2. Indoor deployment scenario
	
	Indoor Sub-7GHz

	Layout
	(a,b,c,d)=(20,40,20,40)
[image: cid:image001.png@01D3E3E6.8A8631F0]

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline

	Number of carriers
	1

	Number of users per operator
	10 per gNB per 20MHz

	SCS
	30 KHz

	Channel Model
	NR InH Mixed Office model

	BS Tx Power
	23dBm (total across all TX antennas)

	UE Tx Power
	23dBm (total across all TX antennas)

	BS Antenna gain
	0dBi   

	UE Antenna gain
	0 dBi

	BS Noise Figure
	5dB

	UE Receiver Noise Figure
	9dB

	UE receiver
	MMSE-IRC

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

	UE antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), 
dH = dV = 0.5 λ

	Traffic model
	According to 36.889 Table A.1.1. 
DL/UL FTP traffic – DL/UL traffic ratio: 1/1 and 2/1
FTP 

	UE to UE link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability



[bookmark: _Ref462943104]Table 3: TDD configuration parameters
	
	Baseline (static TDD)
	Flexible duplex

	DL/UL subframe ratio
	Semi-static subframe allocation 
· For DL:UL traffic ratio = 1:1, DL/UL subframe = 6:4
· For DL:UL traffic ratio = 2:1, DL/UL subframe = 6:4

	Flexible UL/DL subframe ratio allocation. 
gNB can choose between following additional DL/UL subframe options:
DL heavy: 9:1, 8:2, 7:3
UL heavy: 4:6



Evaluation assumptions for SBFD
In our companion contribution [4], we conducted an SLS for performance comparison between SBFD and legacy TDD. We consider the SBFD deployment case 1, where a single carrier is considered with all cells using the same SBFD subband configuration. We consider the FR1 - Urban macro deployment. We applied Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD) from the agreement made in RAN1#109-e, which includes the following: 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Alt. 2: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.

Legacy TDD uses a shared Tx/Rx antenna array for downlink and uplink transmission/receptions, whereas SBFD utilizes separate Tx/Rx antenna array for simultaneous downlink and uplink transmission. The total number of TxRUs is the same for both legacy TDD and SBFD, however in the SBFD case, each of the downlink and uplink uses half of the total number of TxRUs. 
Regarding antenna elements, following  is considered for the evaluation:
· SBFD Opt 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
Additionally, the effect of ratio of self-interference (RSI) at gNB receiver is considered. The effect of two different RSI values: 135 dB, 145 dB on UL performance are evaluated. Additionally, both (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI and (inter-cell) co-site inter-sector inter-subband CLI are considered. For the latter, we consider three different inter-sector interference ratio settings – 120 dB, 130 dB, and 140 dB. 

We consider  a DL:UL ratio of 2:1. Additionally, we consider varying DL:UL traffic arrival rates/loads. Initial simulation results are found in our contribution [4]. Details of simulations are listed in Table 4. Other assumptions are based on those provided in section 7 of [7].
Table 4. SLS simulation assumptions for evaluations for SBFD
	Parameter
	Deployment Scenario

	
	Urban Macro (UMa) (from 38.913)

	Layout 
	21 cells with wraparound ISD: 500m

	Channel Model
	UMa (38.901)

	UE Distribution 
	20 UEs per TRxP, 80% indoor, 20% outdoor

	UE cluster number per macro cell (X)
	2

	UE Mobility
	3 Km/hr

	Carrier frequency
	3.5 GHz

	System bandwidth
	100 MHz, 273 RBs

	Subcarrier spacing
	30 kHz

	BS height
	25 m

	UE height
	The UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873. 1.5m

	Open-loop power control
	Default: P_0 = -90 dBm, alpha=0.9

	BS/UE TX power
	BS: 53dBm, UE: 23dBm

	BS antenna configuration
	Baseline TDD: (M,N,P,Mg,Ng,Mp,Np,dV,dH)=(8, 8, 2, 1, 1, 2, 8, 0.8, 0.5). Shared Tx/Rx antenna array with 32 TxRUs 
SBFD: Separate antenna array for Tx/Rx
Option 2 (# of antenna elements for SBFD is two times that of TDD): 
(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(8, 8, 2, 1, 1, 2, 4, 0.8, 0.5). Separate Tx/Rx antenna array – 16 TxRUs for DL, 16 TxRUs for UL. 


	Slot structure
	Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
SBFD: Alt. 2 - Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
SBFD Subband configuration#1 with {DUD} pattern, one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
104:55:104(DUD),- Guard RB: 5RBs in each side
All cells use the same SBFD slot configuration

	gNB self-interference (
	RSI : 135 dB, 145 dB

	inter-sector interference ratio 
	120 dB, 130 dB, 140 dB

	Interference modelling        (BS) 
	BS ACLR: 45 dBc, BS ACS: 46 dBc

	(UE)
	UE ACLR: 30 dBc, UE ACS : 33 dBc

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	BS receiver 
	MMSE-IRC

	UE receiver
	MMSE-IRC

	UE antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH) = (1, 2, 2, 1, 1, 1, 2, 0.5, 0.5). 4 ports
2 Tx, 4 Rx

	Channel estimation 
	Realistic

	Transmission scheme
	16/32 Tx Type 1 Codebook

	Scheduler 
	SU-MIMO (with PF)

	Target BLER
	10% first transmission BLER

	HARQ/repetition
	3 HARQ retransmission

	Metric
	DL/UL User Perceived Throughput 

	Traffic model
	Asymmetric FTP3 - 0.5MB packet size for DL, 0.125 MB for UL
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
Each UE is assigned both UL and DL traffic



One of our main observations for this SLS is a degraded downlink performance for SBFD in exchange for overall uplink performance improvements. For the applied simulation setup, legacy TDD offers four (full bandwidth) slots out of every five for downlink transmissions, while SBFD provides the same number slots, however only 80% of the bandwidth for each of these is available for downlink transmissions. One of main reasons on the degraded performance in downlink is because of the applied static/fixed subband partitioning, as [DUD] = [40 20 40] RB split all the time, which is not flexible in coping with varying traffic/channel conditions. Therefore, we suggest considering for SBFD performance analysis with dynamic indication schemes of flexible subband partitioning, e.g., [DUD] = [A B C] RB split for which values of A, B, and C can be flexibly selected by gNB and informed to UE dynamically, as discussed in [4]. 
[bookmark: _Hlk127541043]Additionally, UL performance improvement can be observed, as RSI increases from 135 dB to 165 dB, which results from the fact that total residual interference on the UL subband decreases. Since RSI has no impact on DL, DL performance is unaffected.
Observation 3. Restricting DL subband transmissions on slots that correspond to UL slots in legacy TDD can improve uplink performance but negatively impacts downlink performance. 
Observation 4. The static/fixed subband partitioning, e.g., [DUD] = [40 20 40] RB split all the time, results in worse performance for SBFD compared with legacy TDD in downlink, which is not reflecting a practical usefulness of SBFD.
Proposal 4. Evaluations on various downlink performance degradation aspects due to the SBFD operations compared with legacy TDD systems should also be an important part of the NR-Duplex study.
Proposal 5. To fairly reflect a practical usefulness of SBFD, the static/fixed subband partitioning assumption is not a proper assumption but is to be used as a baseline assumption for SBFD, where flexible/dynamic subband partitioning schemes should be further evaluated to overcome the degraded downlink performance for SBFD.

Initial SLS results for analysis on SBFD
Table 5. legacy TDD vs. SBFD for 2:1 (DL:UL) ratio – low load
	
Reported parameters
	DL/UL ratio 2/1

	
	Legacy TDD
	SBFD Opt. 2

	
	
	RSI 135 dB
	RSI 145 dB

	
	
	Co Site interference ratio (dB)
	Co Site interference ratio (dB)

	
	
	120
	130
	140
	120
	130
	140

	DL
UPT
[Mbps]
	
Mean
	430.130
	282.814
(-34%)
	282.670
(-34%)
	287.708
(-33%)
	283.460
(-34%)
	284.113
(-34%)
	291.954
(-32%)

	
	5 %
	54.845
	3.279
(-94%)
	3.445
(-94%)
	4.907
(-91%)
	3.317
(-94%)
	3.519
(-94%)
	4.913
(-91%)

	
	50 %
	423.675
	235.641
(-44%)
	237.587
(-44%)
	247.415
(-42%)
	234.989
(-44%)
	235.074
(-44%)
	254.584
(-40%)

	
	95 %
	785.983
	639.09
(-19%)
	639.09
(-19%)
	644.095
(-18%)
	639.092
(-19%)
	639.092
(-19%)
	682.015
(-13%)

	UL
UPT
[Mbps]
	Mean
	80.296
	79.085
(-1.5%)
	89.882
(+12%)
	103.006
(+28%)
	77.130
(-4%)
	87.247
(+9%)
	103.534
(+29%)

	
	5 %
	1.373
	2.070
(+51%)
	2.194
(+60%)
	2.210
(+60%)
	2.073
(+51%)
	2.047
(+49%)
	2.468
(+80%)

	
	50 %
	47.567
	50.035
(+5%)
	61.866
(+30%)
	61.777
(+30%)
	49.655
(+4%)
	58.699
(+23%)
	68.285
(+44%)

	
	95 %
	250.274
	237.336
(-5%)
	237.336
(-5%)
	271.867
(+9%)
	237.336
(-5%)
	237.336
(-5%)
	269.136
(+8%)

	RU
	15.243
	44.658
	43.523
	41.398
	43.214
	42.816
	41.421

	
	Additional comments: DL:UL ratio 2:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic: Downlink packet size is 0.5 MB, uplink packet size is 0.125 MB
SBFD Antenna configuration: Option 2: (# of antenna elements for SBFD is two times that of TDD)



Table 6. legacy TDD vs. SBFD for 2:1 (DL:UL) ratio – medium load
	
Reported parameters
	DL/UL ratio 2/1

	
	Legacy TDD
	SBFD Opt. 2

	
	
	RSI 135 dB
	RSI 145 dB

	
	
	Co Site interference ratio (dB)
	Co Site interference ratio (dB)

	
	
	120
	130
	140
	120
	130
	140

	DL
UPT
[Mbps]
	
Mean
	410.164
	270.333
(-34%)
	271.910
(-34%)
	275.041
(-33%)
	271.328
(-34%)
	272.186
(-34%)
	271.649
(-34%)

	
	5 %
	44.877
	3.670
(-92%)
	3.690
(-92%)
	3.670
(-92%)
	3.690
(-92%)
	3.686
(-92%)
	3.737
(-92%)

	
	50 %
	384.718
	235.407
(-39%)
	236.290
(-39%)
	235.210
(-39)
	228.471
(-41%)
	234.972
(-39%)
	234.919
(-39%)

	
	95 %
	785.983
	651.470
(-17%)
	667.462
(-15%)
	669.541
(-15%)
	645.534
(-18%)
	659.581
(-16%)
	649.534
(-17%)

	UL
UPT
[Mbps]
	Mean
	81.763
	91.426
(+12%)
	100.080
(+22%)
	113.990
(+39%)
	91.075
(+11%)
	100.878
(+24%)
	113.811
(+39%)

	
	5 %
	1.757
	1.177
(-33%)
	1.852
(+5%)
	2.251
(+28%)
	1.299
(-26%)
	1.914
(+9%)
	2.507
(+43%)

	
	50 %
	53.520
	74.011
(+38%)
	76.293
(+43%)
	81.526
(+52%)
	75.230
(+41%)
	78.787
(+47%)
	78.825
(+47%)

	
	95 %
	241.957
	236.827
(-2%)
	236.827
(-2%)
	264.357
(+9%)
	242.739
(+0%)
	244.084
(+0%)
	271.977
(+12%)

	RU
	24.478
	66.712
	64.312
	63.849
	65.862
	65.576
	64.134

	
	Additional comments: DL:UL ratio 2:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic: Downlink packet size is 0.5 MB, uplink packet size is 0.125 MB
SBFD Antenna configuration: Option 2: (# of antenna elements for SBFD is two times that of TDD)



Uplink performance
Comparing UL performance of SBFD vs. baseline TDD (from Tables 5-6 above), we observe that inter-sector inter-subband interference greatly impacts the UL performance, for both low and medium loads. This type of interference has a greater impact on SBFD UL performance than gNB self-interference – based on the observation that there is no change in UL performance for RSI values of 135 dB vs.145 dB, and the performance depends on co-site interference ratio. 
Observation 5. Inter-site gNB-gNB inter-subband interference is the dominating source of performance degradation in the UL.

Downlink performance
When comparing DL performance of SBFD vs. baseline TDD, we observe significant degradation (even accounting for the reduced number of DL transmission opportunities for the XXXXU SBFD slot config, which should result in ~ 20% lower throughput for SBFD vs. TDD). This is especially true for the 5%-ile UE, where we see >90% performance degradation. This is a direct result of the clustered deployment, which leads to extremely high UE-UE CLI. 
Observation 6. UE-UE CLI severely impacts SBFD DL performance.

SLS calibration for NR duplex
In this subsection we provide calibration results for both Indoor office and UMa scenarios for FR1/FR2. We provide gNB-UE, gNB-gNB, and UE-UE CL results for all scenarios. The assumptions are based on those provided in section 7 of [7]. These results are based on 50 drops. 

Indoor
[image: ]
Figure 12. Indoor Office FR1

[image: ]
Figure 13. Indoor Office FR2

Outdoor
[image: ]
Figure 14. Outdoor UMa FR1

[image: ]
Figure 15. Outdoor UMa FR2
[bookmark: _Hlk134651525]
SLS results for Urban Macro and Indoor office in FR1
We provide new SLS results for Urban Macro and Indoor office scenarios in FR1. 

SLS results for Urban Macro in FR1
Below is a table based on the agreed upon template format, highlighting some key assumptions for the Outdoor Urban Macro scenario. 
                       Table 7: Sub-cases for Urban Macro in FR1 in SBFD Deployment Case 1.
	Key assumptions







Sub-cases
	Interference modelling
(e.g., Co-site: Spatial isolation + digital isolation)
	SBFD slot configuration
	BS transmit power
	SBFD antenna configuration
	Packet Size

	
	75dB
	93dB
	100dB
	Alt-2: {DDDSU} vs.   {XXXXU}
	Alt-4:
{DDDSU} vs.   {XXXXX}
	53dBm
	49dBm
	Twice area&same TxRUs
	Same area&same TxRUs
	DL: 4Kbytes, UL: 1Kbyte
	DL: 0.5Mbytes, UL: 0.125Mbyte

	[bookmark: _Hlk130468745]SBFD#1_UMa_FR1_Sub#1
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	X
	
	X
	
	X
	
	
	X
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	X
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	X
	
	
	X
	
	X
	
	X
	
	X
	

	SBFD#1_UMa_FR1_Sub#4
	
	X
	
	X
	
	X
	
	X
	
	X
	



SBFD#1_UMa_FR1_Sub#1
Table 8: SBFD#1_UMa_FR1_Sub#1
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU} 

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	444.096
	275.137
	-38.05%
	383.22
	137.543
	-64.11%
	312.761
	107.381
	-65.67%

	
	
	5%
	34.453
	0.076
	-99.78%
	25.426
	0.016
	-99.94%
	18.141
	0.021
	-99.88%

	
	
	50%
	449.517
	210.227
	-53.23%
	359.21
	26.372
	-92.66%
	281.692
	12.093
	-95.71%

	
	
	95%
	785.98
	663.672
	-15.56%
	782.341
	566.17
	-27.63%
	703.963
	493.716
	-29.87%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	438.755
	268.997
	-38.69%
	344.01
	102.63
	-70.17%
	208.044
	53.027
	-74.51%

	
	
	5%
	32.712
	0.036
	-99.89%
	20.398
	0.01
	-99.95%
	3.733
	0.015
	-99.60%

	
	
	50%
	443.734
	205.63
	-53.66%
	301.01
	3.023
	-99.00%
	153.5
	1.131
	-99.26%

	
	
	95%
	785.983
	656.968
	-16.41%
	781.722
	528.207
	-32.43%
	594.78
	323.464
	-45.62%

	
	DL Median-UPT CDF (Mbps)
	Mean
	439.811
	271.823
	-38.20%
	371.59
	118.343
	-68.15%
	306.947
	94.99
	-69.05%

	
	
	5%
	35.87
	0.051
	-99.86%
	22.212
	0.014
	-99.94%
	11.342
	0.016
	-99.86%

	
	
	50%
	465.086
	206.067
	-55.69%
	329.395
	4.816
	-98.54%
	261.113
	2.263
	-99.13%

	
	
	95%
	785.983
	687.56
	-12.52%
	785.983
	583.873
	-25.71%
	769.436
	517.262
	-32.77%

	
	UL Average-UPT CDF (Mbps)
	Mean
	57.09
	53.395
	-6.47%
	42.703
	39.606
	-7.25%
	27.23
	16.08
	-40.95%

	
	
	5%
	0.01
	0.009
	-10.00%
	0.01
	0.01
	0.00%
	0.01
	0.01
	0.00%

	
	
	50%
	17.09
	14.885
	-12.90%
	5.312
	3.406
	-35.88%
	0.151
	0.067
	-55.63%

	
	
	95%
	250.274
	234.358
	-6.36%
	204.945
	185.404
	-9.53%
	173.022
	115.994
	-32.96%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	 
	 
	
	 
	 
	
	 
	 
	

	
	
	5%
	 
	 
	
	 
	 
	
	 
	 
	

	
	
	50%
	 
	 
	
	 
	 
	
	 
	 
	

	
	
	95%
	 
	 
	
	 
	 
	
	 
	 
	

	
	UL Median-UPT CDF (Mbps)
	Mean
	57.453
	50.352
	-12.36%
	41.235
	37.085
	-10.06%
	23.49
	14.469
	-38.40%

	
	
	5%
	0.045
	0.04
	-11.11%
	0.01
	0.01
	0.00%
	0.01
	0.01
	0.00%

	
	
	50%
	18.187
	11.364
	-37.52%
	3.82
	3.301
	-13.59%
	0.117
	0.069
	-41.03%

	
	
	95%
	236.16
	233.67
	-1.05%
	205.016
	185.404
	-9.57%
	164.133
	105.575
	-35.68%

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	3.40%
	20.60%
	
	20.80%
	60.60%
	
	51.20%
	76.80%
	

	
	
	UL
	12.30%

	5.60%

	
	37.50%
	16.20%
	
	63.50%
	33.70%
	

	
	Type-2 RU (%)
	DL
	3.60%

	26.40%

	
	21.80%
	77.40%
	
	53.20%
	96.30%
	

	
	
	UL
	14.20%
	22.50%
	
	39.40%
	55.30%
	
	67.20%
	88.50%
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Layout and UE distribution
· Macro Layer: e.g., Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· UE distribution: UE clustering distribution with M=20, X=2
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 75 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 53dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 4Kbytes for DL and 1Kbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



Table-8: Summary of results for sub-case SBFD#1_UMa_FR1_Sub#1
Uplink performance
Comparing UL performance of SBFD vs. baseline TDD, we once again observe that inter-sector inter-subband interference (lower spatial isolation) impacts mean UL performance, across all loads, with the degradation increasing for higher loads. The 5%-ile of UL average-UPT drops but by no more than 10%. 
In terms of resource usage, we observe UL Type-1 RU of SBFD drops while the UL Type-2 RU of SBFD increases compared to TDD. 

Downlink performance
When comparing DL performance of SBFD vs. baseline TDD, we observe significant degradation across all UPT metrics – average/tail/median (even accounting for the reduced number of DL transmission opportunities for the XXXXU SBFD slot config, which should result in ~ 20% lower throughput for SBFD vs. TDD). This is especially true for the 5%-ile UE, where we see >90% performance degradation. This is a direct result of the clustered deployment, which leads to extremely high UE-UE CLI. The mean value of DL average-UPT CDF of SBFD is decreased by around 40-70%, with losses increasing with higher loads. The 5% of DL average-UPT CDF of SBFD sees the greatest loss with a decrease of > 95% across all load scenarios. 
In terms of resource usage, Both DL Type-1 and Type-2 RU of SBFD increases substantially compared to TDD.
SBFD#1_UMa_FR1_Sub#2
Table 9: SBFD#1_UMa_FR1_Sub#2
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU}

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	444.096
	274.793
	-38.12%
	383.22
	138.201
	-63.94%
	312.761
	108.361
	-65.35%

	
	
	5%
	34.453
	0.086
	-99.75%
	25.426
	0.015
	-99.94%
	18.141
	0.019
	-99.90%

	
	
	50%
	449.517
	211.883
	-52.86%
	359.21
	34.225
	-90.47%
	281.692
	11.141
	-96.04%

	
	
	95%
	785.98
	663.672
	-15.56%
	782.341
	573.732
	-26.66%
	703.963
	497.773
	-29.29%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	438.755
	268.961
	-38.70%
	344.01
	103.717
	-69.85%
	208.044
	53.81
	-74.14%

	
	
	5%
	32.712
	0.076
	-99.77%
	20.398
	0.01
	-99.95%
	3.733
	0.017
	-99.54%

	
	
	50%
	443.734
	210.572
	-52.55%
	301.01
	3.27
	-98.91%
	153.5
	1.003
	-99.35%

	
	
	95%
	785.983
	656.968
	-16.41%
	781.722
	564.781
	-27.75%
	594.78
	329.333
	-44.63%

	
	DL Median-UPT CDF (Mbps)
	Mean
	439.811
	271.7
	-38.22%
	371.59
	118.315
	-68.16%
	306.947
	96.141
	-68.68%

	
	
	5%
	35.87
	0.076
	-99.79%
	22.212
	0.014
	-99.94%
	11.342
	0.017
	-99.85%

	
	
	50%
	465.086
	211.883
	-54.44%
	329.395
	5.09
	-98.45%
	261.113
	2.214
	-99.15%

	
	
	95%
	785.983
	656.97
	-16.41%
	785.983
	599.01
	-23.79%
	769.436
	509.2
	-33.82%

	
	UL Average-UPT CDF (Mbps)
	Mean
	57.09
	62.381
	9.27%
	42.703
	47.413
	11.03%
	27.23
	23.635
	-13.20%

	
	
	5%
	0.01
	0.04
	300.00%
	0.01
	0.02
	100.00%
	0.01
	0.01
	0.00%

	
	
	50%
	17.09
	19.531
	14.28%
	5.312
	5.492
	3.39%
	0.151
	0.136
	-9.93%

	
	
	95%
	250.274
	244.724
	-2.22%
	204.945
	221.97
	8.31%
	173.022
	171.635
	-0.80%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	5%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	50%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	95%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	UL Median-UPT CDF (Mbps)
	Mean
	57.453
	61.721
	7.43%
	41.235
	44.614
	8.19%
	23.49
	19.147
	-18.49%

	
	
	5%
	0.045
	0.04
	-11.11%
	0.01
	0.01
	0.00%
	0.01
	0.01
	0.00%

	
	
	50%
	18.187
	19.531
	7.39%
	3.82
	4.819
	26.15%
	0.117
	0.121
	3.42%

	
	
	95%
	236.16
	242.87
	2.84%
	205.016
	221.97
	8.27%
	164.133
	151.635
	-7.61%

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	3.40%
	20.60%
	
	20.80%
	60.30%
	
	51.20%
	76.80%
	

	
	
	UL
	12.30%
	5.30%
	
	37.50%
	15.20%
	
	63.50%
	33.60%
	

	
	Type-2 RU (%)
	DL
	3.60%

	26.40%
	
	21.80%
	77.10%
	
	53.20%
	96.30%
	

	
	
	UL
	14.20%
	21.40%
	
	39.40%
	52.40%
	
	67.20%
	88.40%
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Layout and UE distribution
· Macro Layer: e.g., Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· UE distribution: UE clustering distribution with M=20, X=2
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 93 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 53dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 4Kbytes for DL and 1Kbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



Table-9: Summary of results for sub-case SBFD#1_UMa_FR1_Sub#2
Uplink performance
Comparing UL performance of SBFD vs. baseline TDD, we observe that with better spatial isolation the impact of inter-sector inter-subband interference on UL performance is reduced. Mean UL UPT for SBFD is improved for low and medium loads. The 5%-ile of UL average-UPT improves significantly for SBFD for low and medium loads (over 100%). 
In terms of resource usage, we observe UL Type-1 RU of SBFD drops while the UL Type-2 RU of SBFD increases compared to TDD. 

Downlink performance
When comparing DL performance of SBFD vs. baseline TDD, we observe significant degradation across all UPT metrics – average/tail/median (even accounting for the reduced number of DL transmission opportunities for the XXXXU SBFD slot config, which should result in ~ 20% lower throughput for SBFD vs. TDD). This is especially true for the 5%-ile UE, where we see >90% performance degradation. This is a direct result of the clustered deployment, which leads to extremely high UE-UE CLI. The mean value of DL average-UPT CDF of SBFD is decreased by around 40-65%, with losses increasing with higher loads. The 5% of DL average-UPT CDF of SBFD sees the greatest loss with a decrease of > 95% across all load scenarios. 
In terms of resource usage, Both DL Type-1 and Type-2 RU of SBFD increases substantially compared to TDD.
SBFD#1_UMa_FR1_Sub#3
Table 10: SBFD#1_UMa_FR1_Sub#3
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU} 

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	53.467
	35.538
	-33.53%
	48.887
	34.93
	-28.55%
	35.415
	26.13
	-26.22%

	
	
	5%
	23.211
	0.011
	-99.95%
	22.574
	0.104
	-99.54%
	17.318
	0.113
	-99.35%

	
	
	50%
	56.8
	39.228
	-30.94%
	52.047
	41.936
	-19.43%
	37.108
	30.193
	-18.63%

	
	
	95%
	65.536
	65.536
	0.00%
	57.991
	56.252
	-3.00%
	48.281
	47.519
	-1.58%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	35.888
	16.791
	-53.21%
	16.59
	6.494
	-60.86%
	10.231
	5.137
	-49.79%

	
	
	5%
	5.958
	0.007
	-99.88%
	3.641
	0.014
	-99.62%
	1.831
	0.019
	-98.96%

	
	
	50%
	32.768
	5.461
	-83.33%
	16.384
	4.489
	-72.60%
	12.159
	3.719
	-69.41%

	
	
	95%
	65.536
	65.536
	0.00%
	32.768
	21.845
	-33.33%
	24.192
	19.271
	-20.34%

	
	DL Median-UPT CDF (Mbps)
	Mean
	56.076
	33.988
	-39.39%
	58.498
	38.284
	-34.56%
	49.136
	35.015
	-28.74%

	
	
	5%
	21.845
	0.007
	-99.97%
	21.845
	0.015
	-99.93%
	17.241
	0.038
	-99.78%

	
	
	50%
	65.536
	32.77
	-50.00%
	65.536
	32.768
	-50.00%
	58.149
	29.017
	-50.10%

	
	
	95%
	65.536
	65.536
	0.00%
	65.536
	65.536
	0.00%
	65.536
	65.536
	0.00%

	
	UL Average-UPT CDF (Mbps)
	Mean
	5.252
	8.542
	62.64%
	4.019
	7.533
	87.43%
	3.267
	5.59
	71.10%

	
	
	5%
	0.02
	0.02
	0.00%
	0.02
	0.02
	0.00%
	0.008
	0.01
	25.00%

	
	
	50%
	4.096
	8.192
	100.00%
	2.731
	5.461
	99.96%
	1.82
	2.051
	12.69%

	
	
	95%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	5%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	50%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	95%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	UL Median-UPT CDF (Mbps)
	Mean
	5.094
	8.453
	65.94%
	3.671
	7.12
	93.95%
	2.696
	4.788
	77.60%

	
	
	5%
	0.02
	0.02
	0.00%
	0.02
	0.02
	0.00%
	0.008
	0.01
	25.00%

	
	
	50%
	3.277
	8.192
	149.98%
	2.341
	4.096
	74.97%
	1.365
	1.834
	34.36%

	
	
	95%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	3.80%
	38.10%
	
	29.60%
	66.00%
	
	57.40%
	76.03%
	

	
	
	UL
	11.6%
	4.70%
	
	37.50%
	14.10%
	
	59.80%
	28.60%
	

	
	Type-2 RU (%)
	DL
	4.00%
	48.70%
	
	30.70%
	84.40%
	
	59.30%
	91.21%
	

	
	
	UL
	12.30%
	14.20%
	
	39.10%
	45.80%
	
	62.20%
	84.80%
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Layout and UE distribution
· Macro Layer: e.g., Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· UE distribution: UE clustering distribution with M=20, X=2
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 75 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 53dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 4Kbytes for DL and 1Kbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



SBFD#1_UMa_FR1_Sub#4
Table 11: SBFD#1_UMa_FR1_Sub#4
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU} 

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	53.467
	35.757
	-33.12%
	48.887
	35.791
	-26.79%
	35.415
	27.003
	-23.75%

	
	
	5%
	23.211
	0.147
	-99.37%
	22.574
	0.1263
	-99.44%
	17.318
	0.191
	-98.90%

	
	
	50%
	56.8
	38.229
	-32.70%
	52.047
	42.496
	-18.35%
	37.108
	29.116
	-21.54%

	
	
	95%
	65.536
	65.536
	0.00%
	57.991
	56.647
	-2.32%
	48.281
	46.991
	-2.67%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	35.888
	21.69
	-39.56%
	16.59
	8.206
	-50.54%
	10.231
	6.101
	-40.37%

	
	
	5%
	5.958
	0.003
	-99.95%
	3.641
	0.007
	-99.81%
	1.831
	0.021
	-98.85%

	
	
	50%
	32.768
	6.384
	-80.52%
	16.384
	4.096
	-75.00%
	12.159
	4.114
	-66.16%

	
	
	95%
	65.536
	65.536
	0.00%
	32.768
	21.845
	-33.33%
	24.192
	18.991
	-21.50%

	
	DL Median-UPT CDF (Mbps)
	Mean
	56.076
	36.342
	-35.19%
	58.498
	39.452
	-32.56%
	49.136
	34.138
	-30.52%

	
	
	5%
	21.845
	0.007
	-99.97%
	21.845
	0.071
	-99.67%
	17.241
	0.091
	-99.47%

	
	
	50%
	65.536
	32.77
	-50.00%
	65.536
	32.768
	-50.00%
	58.149
	31.002
	-46.69%

	
	
	95%
	65.536
	65.536
	0.00%
	65.536
	65.536
	0.00%
	65.536
	65.536
	0.00%

	
	UL Average-UPT CDF (Mbps)
	Mean
	5.252
	9.103
	73.32%
	4.019
	8.314
	106.87%
	3.267
	6.572
	101.16%

	
	
	5%
	0.02
	0.02
	0.00%
	0.02
	0.02
	0.00%
	0.008
	0.01
	25.00%

	
	
	50%
	4.096
	8.192
	100.00%
	2.731
	8.192
	199.96%
	1.82
	2.731
	50.05%

	
	
	95%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	5%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	50%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	95%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	UL Median-UPT CDF (Mbps)
	Mean
	5.094
	8.453
	77.07%
	3.671
	7.12
	116.04%
	2.696
	5.69
	111.05%

	
	
	5%
	0.02
	0.02
	0.00%
	0.02
	0.02
	0.00%
	0.008
	0.01
	25.00%

	
	
	50%
	3.277
	8.192
	149.98%
	2.341
	4.096
	249.94%
	1.365
	2.284
	67.33%

	
	
	95%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%
	16.384
	16.384
	0.00%

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	3.80%
	38.90%
	
	29.60%
	66.30%
	
	57.40%
	77.01%
	

	
	
	UL
	11.6%
	4.60%
	
	37.50%
	13.78%
	
	59.80%
	28.30%
	

	
	Type-2 RU (%)
	DL
	4.00%
	49.70%
	
	30.70%
	84.40%
	
	59.30%
	92.19%
	

	
	
	UL
	12.30%
	14.20%
	
	39.10%
	45.0%
	
	62.20%
	83.90%
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Layout and UE distribution
· Macro Layer: e.g., Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· UE distribution: UE clustering distribution with M=20, X=2
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 75 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 53dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 4Kbytes for DL and 1Kbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



Tables 10-11: Summary of results for sub-cases SBFD#1_UMa_FR1_Sub#3 and SBFD#1_UMa_FR1_Sub#4
Uplink performance
Comparing UL performance of SBFD vs. baseline TDD, we observe that mean UL UPT for SBFD is improved by ~ 60-110% across all load scenarios, with higher gains achieved for better spatial isolation – 62-87% for 75 dB vs. 70-100% for 93 dB. The 5%-ile of UL average-UPT improves by 25% (for high load).  
In terms of resource usage, we observe UL Type-1 RU of SBFD drops while the UL Type-2 RU of SBFD increases compared to TDD. 

Downlink performance
When comparing DL performance of SBFD vs. baseline TDD, we observe significant degradation across all UPT metrics – average/tail/median (even accounting for the reduced number of DL transmission opportunities for the XXXXU SBFD slot config, which should result in ~ 20% lower throughput for SBFD vs. TDD). This is especially true for the 5%-ile UE, where we see >90% performance degradation. This is a direct result of the clustered deployment, which leads to extremely high UE-UE CLI. The mean value of DL average-UPT CDF of SBFD is decreased by around ~30% across all load scenarios. The 5% of DL average-UPT CDF of SBFD sees the greatest loss with a decrease of > 95% across all load scenarios. 
In terms of resource usage, Both DL Type-1 and Type-2 RU of SBFD increases substantially compared to TDD.

SLS results for Indoor office in FR1
Below is a table based on the agreed upon template format, highlighting some key assumptions for the Indoor Office scenario. 
                       Table 12: Sub-cases for Indoor office in FR1 in SBFD Deployment Case 1.
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


	Key assumptions







Sub-cases
	Interference modelling
(e.g., Co-site: Spatial isolation + digital isolation)
	SBFD slot configuration
	BS transmit power
	SBFD antenna configuration
	Packet Size
	Sources

	
	75dB
	93dB
	100dB
	Alt-2: {DDDSU} vs.   {XXXXU}
	Alt-4:
{DDDSU} vs.   {XXXXX}
	24dBm

	Twice area&same TxRUs
	Same area&same TxRUs
	DL: 4Kbytes, UL: 1Kbyte
	DL: 0.5Mbytes, UL: 0.125Mbyte
	

	SBFD#1_Indoor_FR1_Sub#1
	X
	
	
	X
	
	X
	X
	
	
	X 
	Source [X], …

	SBFD#1_Indoor_FR1_Sub#2
	
	X
	
	X
	
	X
	X
	
	
	X
	Source [X], …

	SBFD#1_Indoor_FR1_Sub#3
	X
	
	
	X
	
	X
	X
	
	X
	
	

	SBFD#1_Indoor_FR1_Sub#4
	
	X
	
	X
	
	X
	X
	
	X
	
	



SBFD#1_Indoor_FR1_Sub#1
Table 13: SBFD#1_Indoor_FR1_Sub#1
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU} 

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	583.221
	472.732
	-18.94%
	308.8
	203.3
	-34.16%
	201.264
	108.307
	-46.19%

	
	
	5%
	390.635
	308.335
	-21.07%
	141.272
	67.98
	-51.88%
	20.947
	0.247
	-98.82%

	
	
	50%
	588.721
	477.055
	-18.97%
	285.397
	180.54
	-36.74%
	175.391
	73.267
	-58.23%

	
	
	95%
	749
	613.7
	-18.03%
	547.492
	423.432
	-22.66%
	485.325
	354.57
	-26.94%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	331.841
	262.986
	-20.75%
	96.356
	57.835
	-39.98%
	57.758
	28.577
	-50.52%

	
	
	5%
	139.471
	110.566
	-20.72%
	28.644
	10.429
	-63.59%
	3.081
	0.161
	-94.77%

	
	
	50%
	298.922
	231.926
	-22.41%
	78.085
	41.318
	-47.09%
	37.321
	9.037
	-75.79%

	
	
	95%
	654.45
	533.787
	-18.44%
	218.431
	177.501
	-18.74%
	200.667
	117.293
	-41.55%

	
	DL Median-UPT CDF (Mbps)
	Mean
	597.972
	472.532
	-20.98%
	292.617
	189.781
	-35.14%
	191.899
	102.04
	-46.83%

	
	
	5%
	320.684
	240.906
	-24.88%
	117.55
	51.256
	-56.40%
	15.592
	0.172
	-98.90%

	
	
	50%
	630.56
	496.384
	-21.28%
	267.297
	164.517
	-38.45%
	152.858
	57.262
	-62.54%

	
	
	95%
	785.983
	639.092
	-18.69%
	586.11
	431.94
	-26.30%
	478.521
	383.568
	-19.84%

	
	UL Average-UPT CDF (Mbps)
	Mean
	219.717
	272.965
	24.23%
	191.584
	230.936
	20.54%
	35.902
	143.822
	300.60%

	
	
	5%
	179.317
	221.214
	23.36%
	168.16
	200.038
	18.96%
	19.98
	95.586
	378.41%

	
	
	50%
	219.011
	268.76
	22.72%
	191.734
	230.143
	20.03%
	37.525
	146.984
	291.70%

	
	
	95%
	252.518
	343.922
	36.20%
	214.225
	264.556
	23.49%
	73.755
	185.937
	152.10%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	184.74
	231.135
	25.11%
	78.305
	104.333
	33.24%
	5.581
	33.736
	504.48%

	
	
	5%
	108.064
	157.123
	45.40%
	36.901
	55.94
	51.59%
	1.47
	8.543
	481.16%

	
	
	50%
	192.686
	233.171
	21.01%
	75.483
	102.824
	36.22%
	3.828
	31.271
	716.90%

	
	
	95%
	250.274
	300.749
	20.17%
	125.137
	155.59
	24.34%
	17.646
	66.967
	279.50%

	
	UL Median-UPT CDF (Mbps)
	Mean
	215.701
	261.14
	21.07%
	199.946
	228.901
	14.48%
	31.152
	134.997
	333.35%

	
	
	5%
	162.044
	213.363
	31.67%
	173.73
	194.78
	12.12%
	16.7
	75.887
	354.41%

	
	
	50%
	214.52
	251.466
	17.22%
	200.219
	232.57
	16.16%
	27.668
	136.947
	394.97%

	
	
	95%
	270.002
	346.219
	28.23%
	217.702
	263.837
	21.19%
	79.253
	186.419
	135.22%

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	6.30%
	6.40%
	
	38.7%
	44.20%
	
	76.50%
	72.20%
	

	
	
	UL
	3.00%
	0.60%
	
	19.40%
	4.30%
	
	79.00%
	17.90%
	

	
	Type-2 RU (%)
	DL
	6.50%
	8.20%
	
	40.30%
	56.90%
	
	79.40%
	92.40%
	

	
	
	UL
	3.10%
	1.80%
	
	20.10%
	12.30%
	
	82.50%
	56.40%
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 75 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 24dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 0.5Mbytes for DL and 0.125Mbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



SBFD#1_Indoor_FR1_Sub#2
Table 14: SBFD#1_Indoor_FR1_Sub#2
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU} 

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	583.221
	471.332
	-19.18%
	308.8
	201.269
	-34.82%
	201.264
	112.141
	-44.28%

	
	
	5%
	390.635
	311.657
	-20.22%
	141.272
	64.814
	-54.12%
	20.947
	0.238
	-98.86%

	
	
	50%
	588.721
	472.671
	-19.71%
	285.397
	175.733
	-38.43%
	175.391
	78.005
	-55.53%

	
	
	95%
	749
	617.47
	-17.53%
	547.492
	422.365
	-22.85%
	485.325
	350.201
	-27.84%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	331.841
	261.466
	-21.21%
	96.356
	57.77
	-40.05%
	57.758
	30.208
	-47.70%

	
	
	5%
	139.471
	107.731
	-22.76%
	28.644
	11.111
	-61.21%
	3.081
	0.18
	-94.16%

	
	
	50%
	298.922
	228.6
	-23.53%
	78.085
	40.533
	-48.09%
	37.321
	10.485
	-71.91%

	
	
	95%
	654.45
	534.032
	-18.40%
	218.431
	180.046
	-17.57%
	200.667
	148.136
	-26.18%

	
	DL Median-UPT CDF (Mbps)
	Mean
	597.972
	470.32
	-21.35%
	292.617
	186.958
	-36.11%
	191.899
	104.755
	-45.41%

	
	
	5%
	320.684
	234.703
	-26.81%
	117.55
	51.423
	-56.25%
	15.592
	0.224
	-98.56%

	
	
	50%
	630.56
	488.822
	-22.48%
	267.297
	160.633
	-39.90%
	152.858
	58.116
	-61.98%

	
	
	95%
	785.983
	639.092
	-18.69%
	586.11
	434.408
	-25.88%
	478.521
	384.741
	-19.60%

	
	UL Average-UPT CDF (Mbps)
	Mean
	219.717
	272.661
	24.10%
	191.584
	230.593
	20.36%
	35.902
	147.753
	311.55%

	
	
	5%
	179.317
	222.728
	24.21%
	168.16
	198.53
	18.06%
	19.98
	104.583
	423.44%

	
	
	50%
	219.011
	268.221
	22.47%
	191.734
	230.577
	20.26%
	37.525
	148.683
	296.22%

	
	
	95%
	252.518
	342.952
	35.81%
	214.225
	263.742
	23.11%
	73.755
	189.163
	156.47%

	
	UL Tail-UPT CDF (Mbps)
	Mean
	184.74
	230.757
	24.91%
	78.305
	105.465
	34.68%
	5.581
	35.953
	544.20%

	
	
	5%
	108.064
	152.267
	40.90%
	36.901
	59.322
	60.76%
	1.47
	9.868
	571.29%

	
	
	50%
	192.686
	232.665
	20.75%
	75.483
	103.161
	36.67%
	3.828
	32.806
	757.00%

	
	
	95%
	250.274
	300.749
	20.17%
	125.137
	155.724
	24.44%
	17.646
	68.274
	286.91%

	
	UL Median-UPT CDF (Mbps)
	Mean
	215.701
	260.258
	20.66%
	199.946
	228.396
	14.23%
	31.152
	139.562
	348.00%

	
	
	5%
	162.044
	218.087
	34.59%
	173.73
	192.706
	10.92%
	16.7
	81.433
	387.62%

	
	
	50%
	214.52
	251.451
	17.22%
	200.219
	233.08
	16.41%
	27.668
	142.411
	414.71%

	
	
	95%
	270.002
	334.83
	24.01%
	217.702
	260.463
	19.64%
	79.253
	190.494
	140.36%

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	6.30%
	6.40%
	
	38.7%
	43.70%
	
	76.50%
	72.20%
	

	
	
	UL
	3.00%
	0.60%
	
	19.40%
	4.30%
	
	79.00%
	17.30%
	

	
	Type-2 RU (%)
	DL
	6.50%
	8.20%
	
	40.30%
	57.10%
	
	79.40%
	92.20%
	

	
	
	UL
	3.10%
	1.80%
	
	20.10%
	12.30%
	
	82.50%
	56.80%
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 93 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 53dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 0.5Mbytes for DL and 0.125Mbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



Tables 13-14: Summary of results for sub-cases SBFD#1_Indoor_FR1_Sub#1 and SBFD#1_UMa_FR1_Sub#2
Uplink performance
Comparing UL performance of SBFD vs. baseline TDD, we observe that mean UL UPT for SBFD is improved by ~ 20-25% for low to medium loads. The improvement is even more dramatic for high loads (greater than 300%). The 5% of average-UPT follows a similar trend with greater gains (improvement of over 400% achieved at high load.   
In terms of resource usage, we observe that both UL Type-1 and Type-2 RU of SBFD drops significantly compared to TDD. 

Downlink performance
When comparing DL performance of SBFD vs. baseline TDD, we observe that mean value of DL-average-UPT for SBFD drops by ~19-45%, with higher drop as load increases. The 5% of DL average-UPT sees a more dramatic drop at higher loads – 20% at low load, ~45% at medium load and > 98% at high load. 
In terms of resource usage, Both DL Type-1 and Type-2 RU of SBFD are higher compared to that of TDD.

SBFD#1_Indoor_FR1_Sub#3
Table 15: SBFD#1_Indoor_FR1_Sub#3
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU} 

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	55.7
	55.275
	-0.76%
	50.181
	49.827
	-0.71%
	45.931
	45.76
	-0.37%

	
	
	5%
	50.849
	50.269
	-1.14%
	46.31
	44.387
	-4.15%
	40.328
	36.804
	-8.74%

	
	
	50%
	55.767
	55.38
	-0.69%
	50.274
	50.211
	-0.13%
	46.361
	46.52
	0.34%

	
	
	95%
	59.815
	59.346
	-0.78%
	53.916
	54.221
	0.57%
	50.644
	51.905
	2.49%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	22.252
	23.677
	6.40%
	13.338
	16.246
	21.80%
	10.186
	11.843
	16.27%

	
	
	5%
	9.362
	10.923
	16.67%
	9.362
	9.362
	0.00%
	6.554
	5.958
	-9.09%

	
	
	50%
	21.845
	21.845
	0.00%
	13.107
	16.384
	25.00%
	9.361
	10.923
	16.69%

	
	
	95%
	32.768
	32.768
	0.00%
	21.845
	21.845
	0.00%
	16.384
	21.845
	33.33%

	
	DL Median-UPT CDF (Mbps)
	Mean
	59.536
	54.264
	-8.86%
	53.163
	49.543
	-6.81%
	57.12
	33.923
	-40.61%

	
	
	5%
	56.519
	56.105
	-0.73%
	32.718
	32.759
	0.13%
	32.768
	32.768
	0.00%

	
	
	50%
	61.301
	58.017
	-5.36%
	55.536
	55.536
	0.00%
	51.536
	49.536
	-3.88%

	
	
	95%
	65.536
	59.346
	-9.45%
	65.536
	58
	-11.20%
	65.536
	58.23
	-11.15%

	
	UL Average-UPT CDF (Mbps)
	Mean
	7.066
	16.283
	130.44%
	6.786
	14.141
	108.38%
	
	
	

	
	
	5%
	5.916
	16.003
	170.50%
	5.92
	12.97
	119.09%
	
	
	

	
	
	50%
	7.029
	16.384
	133.09%
	6.875
	14.171
	106.12%
	
	
	

	
	
	95%
	8.26
	16.384
	98.35%
	7.487
	15.126
	102.03%
	
	
	

	
	UL Tail-UPT CDF (Mbps)
	Mean
	2.505
	15.77
	529.54%
	1.832
	5.508
	200.66%
	
	
	

	
	
	5%
	1.638
	8.192
	400.12%
	0.862
	3.277
	280.16%
	
	
	

	
	
	50%
	2.341
	16.384
	599.87%
	1.82
	5.461
	200.05%
	
	
	

	
	
	95%
	3.277
	16.384
	399.97%
	3.277
	8.192
	149.98%
	
	
	

	
	UL Median-UPT CDF (Mbps)
	Mean
	5.203
	15.981
	207.15%
	5.2
	16.361
	214.63%
	
	
	

	
	
	5%
	4.096
	16.013
	290.94%
	1.638
	16.384
	900.24%
	
	
	

	
	
	50%
	5.461
	16.384
	200.02%
	5.461
	16.382
	199.98%
	
	
	

	
	
	95%
	5.461
	16.384
	200.02%
	16.284
	16.384
	0.61%
	
	
	

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	3.40%
	2.80%
	
	22.20%
	17.50%
	
	50.30%
	38.40%
	

	
	
	UL
	2.40%
	0.90%
	
	20.1%
	19.10%
	
	
	
	

	
	Type-2 RU (%)
	DL
	3.60%
	3.60%
	
	23.10%
	22.40%
	
	52.20%
	48.80%
	

	
	
	UL
	2.50%
	2.50%
	
	21.1%
	47.90%
	
	
	
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 75 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 24dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 4Kbytes for DL and 1Kbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



SBFD#1_Indoor_FR1_Sub#4
Table 16: SBFD#1_Indoor_FR1_Sub#4
	Tdoc/Source
	Reported Parameters
	SBFD Alt 2: {DDDSU} vs. {XXXXU} 

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

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

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

	
	DL Average-UPT CDF (Mbps)
	Mean
	55.7
	55.275
	-0.76%
	50.181
	49.788
	-0.78%
	45.931
	45.846
	-0.19%

	
	
	5%
	50.849
	50.269
	-1.14%
	46.31
	44.09
	-4.79%
	40.328
	36.53
	-9.42%

	
	
	50%
	55.767
	55.38
	-0.69%
	50.274
	50.23
	-0.09%
	46.361
	46.552
	0.41%

	
	
	95%
	59.815
	59.346
	-0.78%
	53.916
	54.346
	0.80%
	50.644
	52
	2.69%

	
	DL Tail-UPT CDF (Mbps)
	Mean
	22.252
	23.677
	6.40%
	13.338
	16.346
	22.55%
	10.186
	12.199
	19.76%

	
	
	5%
	9.362
	10.923
	16.67%
	9.362
	9.362
	0.00%
	6.554
	5.958
	-9.09%

	
	
	50%
	21.845
	21.845
	0.00%
	13.107
	16.384
	25.00%
	9.361
	10.923
	16.69%

	
	
	95%
	32.768
	32.768
	0.00%
	21.845
	21.845
	0.00%
	16.384
	21.845
	33.33%

	
	DL Median-UPT CDF (Mbps)
	Mean
	59.536
	54.264
	-8.86%
	53.163
	49.453
	-6.98%
	57.12
	34.078
	-40.34%

	
	
	5%
	56.519
	56.105
	-0.73%
	32.718
	32.768
	0.15%
	32.768
	32.768
	0.00%

	
	
	50%
	61.301
	58.017
	-5.36%
	55.536
	54.91
	-1.13%
	51.536
	50.193
	-2.61%

	
	
	95%
	65.536
	59.346
	-9.45%
	65.536
	59.011
	-9.96%
	65.536
	59.011
	-9.96%

	
	UL Average-UPT CDF (Mbps)
	Mean
	7.066
	16.283
	130.44%
	6.786
	14.115
	108.00%
	
	
	

	
	
	5%
	5.916
	16.003
	170.50%
	5.92
	12.912
	118.11%
	
	
	

	
	
	50%
	7.029
	16.384
	133.09%
	6.875
	14.147
	105.77%
	
	
	

	
	
	95%
	8.26
	16.384
	98.35%
	7.487
	15.106
	101.76%
	
	
	

	
	UL Tail-UPT CDF (Mbps)
	Mean
	2.505
	15.77
	529.54%
	1.832
	5.486
	199.45%
	
	
	

	
	
	5%
	1.638
	8.192
	400.12%
	0.862
	3.277
	280.16%
	
	
	

	
	
	50%
	2.341
	16.384
	599.87%
	1.82
	5.461
	200.05%
	
	
	

	
	
	95%
	3.277
	16.384
	399.97%
	3.277
	8.192
	149.98%
	
	
	

	
	UL Median-UPT CDF (Mbps)
	Mean
	5.203
	15.981
	207.15%
	5.2
	16.361
	214.63%
	
	
	

	
	
	5%
	4.096
	16.013
	290.94%
	1.638
	16.384
	900.24%
	
	
	

	
	
	50%
	5.461
	16.384
	200.02%
	5.461
	16.384
	200.02%
	
	
	

	
	
	95%
	5.461
	16.384
	200.02%
	16.284
	16.384
	0.61%
	
	
	

	
	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	DL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	s
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	UL UE- Average-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	
	5%
	
	
	
	
	
	
	
	
	

	
	
	50%
	
	
	
	
	
	
	
	
	

	
	
	95%
	
	
	
	
	
	
	
	
	

	
	Type-1 RU (%)
	DL
	3.40%
	2.80%
	
	22.20%
	17.60%
	
	50.30%
	38.40%
	

	
	
	UL
	2.40%
	0.80%
	
	20.1%
	16.30%
	
	
	
	

	
	Type-2 RU (%)
	DL
	3.60%
	3.60%
	
	23.10%
	22.20%
	
	52.20%
	48.80%
	

	
	
	UL
	2.50%
	4.0%
	
	21.1%
	57.60%
	
	
	
	

	
	Unfinished/dropped Packet Rate (%)
	DL
	
	
	
	
	
	
	
	
	

	
	
	UL
	
	
	
	
	
	
	
	
	

	
	Additional comments: e.g.,
Interference Modelling
· gNB self-interference: e.g., based on 1 dB UL desense
· Co-site inter-sector co-channel inter-subband CLI  - 75 dB
· UE-UE co-channel inter-subband CLI: e.g., 33 dBc
SBFD subband and slot configuration
· SBFD slot configuration: Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
· SBFD Subband configuration: <ND, NU, NG >=<104, 55, 5>
· Guard symbol number: 
· UL resource percentage per TDD period (%): 18.1%
· DL resource percentage per TDD period (%): 78.2%
BS transmit power & antenna configuration
· BS transmit power for legacy TDD: 24dBm
· BS transmit power for SBFD: e.g., Option-1: Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)
· BS antenna configuration for legacy TDD: e.g., (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: e.g., Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2
· BS antenna radiation pattern: e.g., Table 9 in Report ITU-R M.2412
· UE antenna configuration: e.g., 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
Traffic Model
· DL/UL traffic assignment for the same UE: e.g., Option 2: Each UE is assigned both UL traffic and DL traffic
· DL/UL FTP packet size: 4Kbytes for DL and 1Kbyte for UL
Channel model
· gNB-gNB: Large scale fading only
· UE-UE: Large scale fading only
· UE-UE details: TR 38.901
Others
· Open loop power control parameters: e.g., P0= -90 dBm, alpha = 0.9
· UE receiver:MMSE-IRC
· Channel estimation: Realistic
· Transmission scheme: SU-MIMO
· Overhead:



Tables 15-16: Summary of results for sub-cases SBFD#1_Indoor_FR1_Sub#3 and SBFD#1_Indoor_FR1_Sub#4
Uplink performance
Comparing UL performance of SBFD vs. baseline TDD, we observe that mean UL UPT for SBFD is improved by greater than 100% for both (low/medium) load scenario. The 5% of average-UPT shows greater gains - improvement of 120-170%  (with higher gains achieved at low load).   
In terms of resource usage, we observe UL Type-1 RU of SBFD is comparable, while the UL Type-2 RU of SBFD increases compared to TDD. 

Downlink performance
When comparing DL performance of SBFD vs. baseline TDD, we observe that mean value of DL-average-UPT for SBFD is comparable to that of legacy TDD across all load scenarios. The 5% of DL average-UPT sees a slight loss (max of 9% at high load). 
In terms of resource usage, Both DL Type-1 and Type-2 RU of SBFD are comparable to that of TDD.
Conclusion
In this contribution, we discussed link-level and system-level evaluation assumption and methodology for study on NR-duplex, and provided our LLS and SLS results. From the discussions, we made following observations and proposals:
Observation 1. Scenarios on subband non-overlapping (as for inter-subband CLI), subband partial overlapping and subband overlapping (as for intra-subband CLI) may achieve different gains based on at least traffic and/or cell sizes.
Observation 2: DL throughput performance suffers considerably as a result of intra-subband CLI when there is an overlap in DL and UL subbands.
Observation 3. Restricting DL subband transmissions on slots that correspond to UL slots in legacy TDD can improve uplink performance but negatively impacts downlink performance. 
Observation 4. The static/fixed subband partitioning, e.g., [DUD] = [40 20 40] RB split all the time, results in worse performance for SBFD compared with legacy TDD in downlink, which is not reflecting a practical usefulness of SBFD.
Observation 5. Inter-site gNB-gNB inter-subband interference is the dominating source of performance degradation in the UL.
Observation 6. UE-UE CLI severely impacts SBFD DL performance.
Proposal 1. Consider evaluating achieved gain and performance in subband non-overlapping scenario based on inter-subband CLI, followed by subband partial overlapping and subband overlapping scenarios based on intra-subband CLI.
Proposal 2. Urban macro and indoor scenarios can be considered for evaluations in this study, where the indoor scenarios represent the most significant UE-to-UE CLI effects.
Proposal 3. Study performance of applying a frequency gap or guard RBs for a UL transmission in an SBFD framework for interference mitigation with regards to adjacent DL subbands.
Proposal 4. Evaluations on various downlink performance degradation aspects due to the SBFD operations compared with legacy TDD systems should also be an important part of the NR-Duplex study.
Proposal 5. To fairly reflect a practical usefulness of SBFD, the static/fixed subband partitioning assumption is not a proper assumption but is to be used as a baseline assumption for SBFD, where flexible/dynamic subband partitioning schemes should be further evaluated to overcome the degraded downlink performance for SBFD.
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Appendix – LLS assumptions for UL analysis

	Parameter
	Value

	Scenario and frequency range
	FR1 and FR-2  

	Subcarrier spacing
	30 kHz for FR1 and 120KHz for FR-2

	Frame structure 
	· TDD: DDDSU, where S=[12D:2G:0U]/S=[10D:2G:2U]
· SBFD: XXXXU (X: SBFD slot), 
· With type-A repetition

	Target data rates
	1Mbps for FR1 and 5Mbps for FR2

	PRB, symbol allocation
	Calculated based on target data rate, 14 symbols

	BWP
	100MHz for 4GHz (FR1) and 100MHz for 28GHz FR2

	Waveform
	DFT-s-OFDM for UL slots

	Channel model for link-level simulation
	TDL-C for FR-1 and CDL-A for FR2

	Delay spread
	300ns for FR-1, 100ns for FR-2

	UE velocity
	3km/h

	Number of Tx/Rx chains
	FR-1: 2Tx and 2Rx for FR1
FR-2: gnB= {[2 2 4 8 2 1]} = [{Mg,Ng,M,N,P,BackPanel}]
          UE = { [2 2 1 1 2 1]} = [{Mg,Ng,M,N,P,BackPanel}]

	DMRS
	Type 1 with single, 2 CDM group

	Channel estimation 
	Realistic

	CLI models
	AWGN and/or apply real inter/intra subband interference

	Frequency hopping
	Disabled
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