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Introduction
In RAN1#109 e-meeting, we preliminarily discussed issues related to evaluation on NR duplex evolution. [1] The detailed agreements can be found in the appendix.
In this contribution, we share views on deployment scenarios and methodology. Furthermore, we provide preliminary SLS evaluation results based on the current assumptions.
Discussion
Evaluation for subband based full duplex

Scenarios for SBFD evaluation

In RAN1#109 e-meeting, the following deployment cases for subband based full duplex were agreed to facilitate pending discussion:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.                                                                                                                                                   
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.

Additionally, we discussed the scenarios for deployment case 1 and the following agreement was achieved: 
	Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results.


It is a good starting point with reusing the definition of Indoor office, Urban macro and Dense Urban in TR38.802/TR38.901. Considering the aforementioned scenarios have been extensively used for several releases in NR study, we believe they are sufficient for investigating the performance improvement brought by SBFD. For indoor UE, we need to take penetration loss into account when calculating pathloss. Accordingly, the channel condition of an indoor UE is typically much worse than that of an outdoor UE. It can reflect the realistic channel condition due to geographic location. It is typical that indoor UE take a major portion in the network, e.g. 80% indoor UE and 20% outdoor UE. The nature of rural scenario is to provide wide area coverage with sparse gNB deployment. There are two traits for rural deployment: 1) high gNB power in order to achieve good DL coverage 2) low frequency carrier and relative small antenna magnitude 3) the UL/DL traffic ratio is usually stable statistically therefore semi-static TDD UL-DL configuration is sufficient. Accordingly, we don’t think SBFD should be applicable to rural scenario. FR2-2 is defined for unlicensed technique. We don’t have any discussion on whether SBFD can be applied to NR-U. 

Proposal 1: For deployment case 1, indoor office/urban macro/dense urban defined in TR38.802/TR38.901 should be reused:
· 80% indoor UE and 20% outdoor UE is assumed
· Deprioritize Rural scenario
· FR2-2 is not considered for SBFD evaluation.

SBFD deployment case 2 is preliminarily discussed in RAN1#109 e-meeting. There are divergent views on whether we should evalute this case with same priority as deployment case 1. SBFD naturally improve uplink performance with providing more UL resources. The benefit of unaligned UL subband configuration across gNBs is not clear. On the other hand, it complicates interference situation as it additionally introduce intra-subband CLI. Therefore, deployment case 2 can be deprioritized. Furthermore, the only difference from case 1 is that different UL subband configuration is applied to different gNBs belongs to the same operator. Hence, it is reasonable to fully reuse the same scenarios applied to case 1 without additonal effort.

Proposal 2: SBFD Deployment Case 2 can be deprioritized and the following scenarios for evaluation can be considered in the future:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· 20% outdoor UE /80% indoor UE
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· 20% outdoor UE /80% indoor UE
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)

As an advanced technology, SBFD gNB may be deployed or updated in a gradual manner, i.e. it is typical that legacy gNB and legacy gNB co-exist in the same network. Hence we think SBFD deployment case 3 deserves high priority for evaluation purpose. Two sub-cases have been identified in the last meeting, i.e. 1-layer case and 2-layer case. For the former case, we think indoor scenario is not as important as macro scenario given indoor deployment has more flexibility and low cost. For 2-layer case, there are two different understanding, i.e. Macro+Micro and Macro+Indoor/Hotspot. From our understanding, Macro+Micro defined in TR38.802 should be the intended 2-layer scenario.  Furthermore, the deployment of legacy gNB and SBFD gNB needs clarification. There are two potential deployment strategies for SBFD gNB which are explained in Figure 1.
· Interpretation#1: Layer-based SBFD gNB deployment. In this case, one layer is constructed with SBFD gNB while the other layer is constructred with legacy TDD gNB.
· Interpretation#2: Mixed SBFD gNB deployment. In this case, each layer consists of different type of gNB, i.e. SBFD gNB and legacy TDD gNB.

Proposal 3: The following aspects corresponding to deployment case 3 need to be further clarified:
· For 1-layer case, dense urban Macro or Urban macro scenario is adopted
· For 2-layer case, dense urban Macro with two layers is adopted
· The SFBD gNB deployment needs further clarification, i.e. per layer deployment or mixed deployment across layers.


Figure1:Examples of 2-layer scenarios for co-existence between legacy TDD gNB and SBFD gNB

Traffic model for SBFD evaluation

In RAN1#109 e-meeting, it was agreed that at least FTP3 is considered for SBFD and dynamic/flexible TDD evaluation. Whether the other traffic models, e.g. XR, VoIP, should be evaluated or not is still open. For VoIP, it has a nature of periodicity, small packet size and less sensitivity of latency. Considering the objective of SBFD, it is not the suitable technique for VoIP which can be supported pretty well by nowadays mechanism.  In summary, XR traffic pursues low latency, high reliability and high data rate. For example, AR UL stream requires as high as 20 Mbps data rate and as low as 10ms PDB.[2] SBFD can significantly improve uplink throughput and reduce latency thanks to more available uplink resources. 
Regarding to parameters associated with FTP model 3, i.e. packet size, arrival rate, traffic load and ratio of DL/UL traffic, they correlate to each other.  For example, we can derive a appropriate arrival rate from packet size and traffic load. On the other hand, ratio of DL/UL traffic has impacts on traffic load. Furthermore, the ratio of DL/UL traffic should be aligned with the ratio of DL/UL resource as much as possible.  From our perspecitive, the following principle should be used when we determine the parameters associated with FTP model 3:
· Packet size equals to 0.5Mbytes which is the typical value defined in TR36.814
· Packet arrival rate can be selected from value range  [0.5, 1, 1.5, 2, 2.5] to achieve different RU
· Traffic load can be determined by packet arrival rate
· The number of served UEs per sector should also be considered when FTP model 3 is adopted. 

Proposal 4: XR traffic models can be considered for SBFD and dynamic/flexible TDD evaluation.

Proposal 5:  The following principle should be used when we determine the parameters associated with FTP model 3:
· Packet size equals to 0.5Mbytes which is the typical value defined in TR36.814
· Packet arrival rate within value range  [0.5, 1, 1.5, 2, 2.5] to can be a starting point
· Traffic load can be determined by packet arrival rate


[bookmark: OLE_LINK2]Definition of output metrics

Druing previous RAN1 meeting, it was agreed that at least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation:
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· DL/UL received SINR using SLS
· Coverage metric
However, we need to further clarify/define the above metrics. For covenience, we summarize the possible definition for each metric in Table 1.
Table 1: Summary of definition for output metrics
	Output metric
	Definition
	Source

	DL/UL UPT
	UPT CDF
· File throughput is calculated per file
· Unfinished files should be incorporated in the UPT calculation. 
· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).
	TR36.889

	User throughput
	User throughput = amount of data (file size) / time needed to download data
· Time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
	TR36.814

	Latency
	Latency = time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
	

	Resource utilization
	Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time
	TR36.814

	DL/UL received SINR
	Received SINR = Effective signal power / (Interference+Noise)
	

	Coverage
	The budget template defined for coverage enhancement can be used as a starting point. Self-interference and CLI should be reflected.
	TR38.830



For UPT and user throughput, we slightly prefer to use user throughput for simplicity. For coverage, the budget template defined for coverage enhancement with taking self-interference and CLI into account can be used as a starting point. 

[bookmark: OLE_LINK3]Proposal 6:  The definition provided in Table 1 is adopted for SBFD and dynamic/flexible TDD evaluation.

Proposal 7: Either DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) is applicable to SBFD and dynamic/flexible TDD evaluation. User throughput is slightly preferred.

UL subband configuration

UL subband configuration is a key aspect for SBFD evaluation. A larger UL subband brings better UL performance due to additional available resources compared with legacy TDD system. The UL subband configuration includes two aspects, i.e. time domain and frquency domain. On the other hand, an aggressive UL subband configuration will certainly degrade downlink performance. In order to comprehensively evaluate SBFD, a set of UL subband configurations should be used in SLS evaluation. In RAN1#109 e-meeting, several alternatives for performance evaluation were agreed for further consideration. [1] In order to strive for the same UL/DL resource ratio between legacy TDD and SBFD, alt.3 and alt.4 were proposed, which were quoted as below:
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), 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.
Basically, the mechanism to strive for the same UL/DL resoruce ratio between Legacy TDD and SBFD is to treat a UL slot as a SBFD slot, wherein SBFD UL subband spans all the symbols in the slot. However, it is quite wired to put a restriction for uplink transmission in UL slot. Furthermore, the reasoning of alt.3 and alt.4 is unclear to us. The potential benefits of SBFD, including higher thoughput, improved coverage and low latency, comes from additional uplink resources. We don’t understand why we need to evaluate SBFD performance on the assumption without introducing any additional UL resources. Accordingly, we have the following observation:

Observation 1: For alt 3 and alt 4 under umbrella of SBFD Deployment Case 1, 
· It restricts the uplink transmission on the UL symbols with confining available UL resources within UL subband.
· The same UL/DL resource ratio between Legacy TDD and SBFD degrades or even eliminate the potential benefits of SBFD.
· System performance is further degraded due to the guard band between UL subband and DL subband on UL slot.

Another issue is whether to use dynamic TDD for legacy TDD for comparison. The methodogy and feasibility of dynamic TDD is under discussion. It may lead to duplicated work if dynamic TDD is also considered in the SBFD evaluation. Furthermore, we are still not clear on how to handle the CLI and which scenario(s) is/are recommended for dynamic TDD. It is premature to use dynamic TDD for legacy TDD for comparison.

Proposal 7: Dynamic TDD is not used for legacy TDD for comparison.


Evaluation for dynamic TDD
In Rel-16 CLI, we study the CLI introduced by dynamic TDD, wherein the cross link interference comes from adjacent channel. In Rel-18 duplex operation, we need to further exploit the possibility and the potential enhancement of dynamic TDD in co-channel case. After comprehensive evaluation, it was observed that even if the aggressor gNB and victim gNB are located on adjacent channel, it is still not recommended to apply dynamic TDD because of the performance degradation due to severe gNB-to-gNB interference. [2] The recommendation from previous work should be taken into account. For co-channel dynamic TDD, the gNB-to-gNB interference would be much more serious as it comes from the same channel.  Based on the knowledge we learned from Rel-16 CLI, scenarios with single layout should not be considered for co-channel dynamic TDD evaluation, unless there is sufficient isolation among gNBs. Accordingly, HetNet scenario with both macro layout and indoor/hotspot layout can be considered. For macro layout, semi-static TDD UL-DL configuration can be assumed as the statistical UL DL traffic ratio is perceived. For indoor/hotspot layout, dynamic TDD can be considered to improve the performance, e.g. DL or UL throughput, as the UL/DL traffic load is more fluctuating. Considering there are walls between macro layout and indoor/hotspot layout, the cross link interference between these two layouts may be acceptable. Furthermore, the low transmission power of indoor/hotspot TRP is friendly for the application of dynamic TDD on indoor/hotspot layout.


Figure 2: Illustration of HetNet consist of urban Macro layout and indoor/hotspot layout
 
Proposal 8: For flexible/dynamic TDD, evaluate and study the performance in HetNet scenario.


Generic aspects related to evaluation
Antenna achitecture

In RAN1#109 e-meeting, the antenna architecture of SBFD gNB was discussed without conclusion. For a legacy TDD gNB, the same architecture is used for downlink direction and uplink direction, i.e. same number of antenna elements can be assumed in downlink time region and uplink time region. However, simultaneous transmission and reception are required for SBFD gNB in a SBFD slot. It is reasonable to assume separate-Tx/Rx antenna array is available for simultaneous transmission and reception in a SBFD slot for the following reason: separate Tx/Rx antenna array can provide more spatial isolation between reception and transmsision, which is friendly to suppress self-interference.

Proposal 9: For SBFD simulation, separate Tx/Rx antenna array should be assumed for simultaneous transmission and reception.

Furthermore, there are two options for the antenna architecture of separate-Tx/Rx antenna array raised during the discussion:
· Opt 1: The total number of antenna elements of separate-Tx/Rx antenna array for SBFD is the same as the total number of antenna elements of shared-Tx/Rx antenna array for legacy TDD.
· Opt 2: The total number of antenna elements of separate-Tx/Rx antenna array for SBFD is two times of the total number of antenna elements of shared-Tx/Rx antenna array for legacy TDD.
From our understanding, option 2 is the nature of separate-Tx/Rx antenna array. There are three types of slots, i.e. UL slot, SBFD slot, DL slot,  which means separate Tx/Rx antenna array is already there. The antenna array used in a DL/UL slot can be used for transmission or reception in a SBFD slot. Additionally, a separate antenna array is used for the other direction. From this perspective, the total number of antenna elements of separate-Tx/Rx antenna array for SBFD should be more than that of legacy TDD.  On the other hand, the different number of antenna elements across slots will degrade performance and increase the complexity of SLS simulation.

Proposal 10: For SBFD simulation, the total number of antenna elements of separate-Tx/Rx antenna array for SBFD is two times of the total number of antenna elements of shared-Tx/Rx antenna array for legacy TDD.

Interference definition

In RAN1#109 e-meeting, a bunch of interference type were defined for facilitating further discussion. Regarding to gNB-UE co-channel interference and UE-gNB co-channel interference, the following two types were identified:
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.

However, the above interference cannot cover all cases in deployment case 2, wherein inter-subband interference is introduced by unaligned UL subband configuration across gNB. One example is shown in Figue 3, wherein the aggressor gNB#1 and victim gNB#2 have different UL subband configuration in a DL slot. Accordingly, the following two interference should be taken into consideration in the simualtion if needed.
· gNB-UE co-channel inter-subband interference: Interfernece caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· UE-gNB co-channel inter-subband interference: Interfernece caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to UL reception of the victim gNB on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.



Figure 3: Illustration of gNB-UE/UE-gNB co-channel inter-subband interference

Observation 2: For deployment case 2, the following two interference type should be take into account:
· gNB-UE co-channel inter-subband interference: Interfernece caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· UE-gNB co-channel inter-subband interference: Interfernece caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to UL reception of the victim gNB on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.

SLS evaluation results for SBFD
In this section, we provide preliminary SLS evaluation results for SBFD deployment case 1 to investigate the performance gain offered by SBFD.[1] At the same time, we provide results for DL transmission when SBFD is introduced in order to see the impacts on DL direction. Furthermore, we also provide the results with different assumptions on self-interference suppression capability.  Dense urban with single layer scenario is assumed wherein 10 UEs are dropped per sector. More detail simulation assumptions can be found in the appendix. Regarding the evaluation metrics, UL/DL user thoughput, UL/DL latency and UL/DL RU are used in the simulation so as to comprehensively evaluate SBFD technique. 
Basically, the following cases are simulated:
· Baseline-DDDSU: Legacy TDD with TDD UL-DL configuration DDDSU. 
· SBFD-XXXXU-UL20%-85dB: On top of DDDSU  frame structure, the first four slots are SBFD slot, on which UL subband occupies 20% portion of system bandwidth. Self-interference capability is assumed to be 85dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 85dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.
· SBFD-XXXXU-UL20%-100dB: On top of DDDSU frame structure, the first four slots are SBFD slot, on which UL subband occupies 20% portion of system bandwidth. Self-interference capability is assumed to be 100dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 100dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.
· SBFD-XXXXU-UL50%-85dB: On top of DDDSU frame structure, the first four slots are SBFD slot, on which UL subband occupies 50% portion of system bandwidth. Self-interference capability is assumed to be 85dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 85dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.
· SBFD-XXXXU-UL50%-100dB: On top of DDDSU frame structure, the first four slots are SBFD slot, on which UL subband occupies 50% portion of system bandwidth. Self-interference capability is assumed to be 100dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 100dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.
· SBFD-DXXXU-UL20%-85dB: On top of DDDSU frame structure, the scecond, third and fourth slot are SBFD slot, on which UL subband occupies 20% portion of system bandwidth. Self-interference capability is assumed to be 85dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 85dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.
· SBFD-DXXXU-UL20%-100dB: On top of DDDSU frame structure, the scecond, third and fourth slot are SBFD slot, on which UL subband occupies 20% portion of system bandwidth. Self-interference capability is assumed to be 100dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 100dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.
· SBFD-DXXXU-UL50%-85dB: On top of DDDSU frame structure, the scecond, third and fourth slot are SBFD slot, on which UL subband occupies 50% portion of system bandwidth. Self-interference capability is assumed to be 85dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 85dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.
· SBFD-DXXXU-UL50%-100dB: On top of DDDSU frame structure, the scecond, third and fourth slot are SBFD slot, on which UL subband occupies 50% portion of system bandwidth. Self-interference capability is assumed to be 100dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 100dB. The ACIR defined in TR38.828 between UL subband and DL subband is reused, i.e. 43dB.

2.4.1 UL and DL User throughput

2:1 DL/UL traffic ratio, packet size = 0.5 Mbyte, DL/UL traffic arrival rate={0.5,0.25}, Isolation=100dB
Baseed on the simulation results, the DL and UL user thoughput at 5%, 50% and 95% percentile are summarized in Table 2 and Table 3 respectively.
Table 2: DL user thoughput assuming self-interference isolation is 100dB
	Simulation cases
	DL user throughput at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	50.18Mbps
	93.79Mbps
	95.17Mbps

	SBFD-XXXXU-UL20%-100dB
	31.71Mbps(-38%)
	67.43Mbps(-28%)
	74.41Mbps(-22%)

	SBFD-XXXXU-UL50%-100dB
	13.07Mbps(-74.5%)
	46.34Mbps(-50.6%)
	46.71Mbps(-50.9%)

	SBFD-DXXXU-UL20%-100dB
	41.47Mbps(-19.0%)
	79.41Mbps(-15.3%)
	80.37Mbps(-15.5%)

	SBFD-DXXXU-UL50%-100dB
	23.91Mbps(-53.3%)
	58.22Mbps(-37.9%)
	58.85Mbps(-38.2%)



Table 3: UL user thoughput assuming self-interference isolation is 100dB
	Simulation cases
	UL user throughput at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	0.71 Mbps
	4.80 Mbps
	23.74Mbps

	SBFD-XXXXU-UL20%-100dB
	0.71Mbps(0%)
	9.10Mbps (+89.6%)
	37.23Mbps(+57%)

	SBFD-XXXXU-UL50%-100dB
	0.73Mbps(+2.7%)
	11.75Mbps (+144.8%)
	61.58Mbps(+159.4%)

	SBFD-DXXXU-UL20%-100dB
	0.74Mbps(+3.6%)
	9.86Mbps(+105.5%)
	36.34Mbps(+53.1%)

	SBFD-DXXXU-UL50%-100dB
	0.94Mbps(+32.1%)
	14.93Mbps(+211.2%)
	54.16Mbps(+128.1%)



2:1 DL/UL traffic ratio, packet size = 0.5 Mbyte, DL/UL traffic arrival rate={0.5,0.25}, Isolation = 85dB

Table 4: DL user thoughput assuming self-interference isolation is 85dB
	Simulation cases
	DL user throughput at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	51.20Mbps
	93.79Mbps
	95.17Mbps

	SBFD-XXXXU-UL20%-100dB
	31.71Mbps(-38%)
	67.43Mbps(-28%)
	74.41Mbps(-22%)

	SBFD-XXXXU-UL50%-100dB
	16.02Mbps(-68.7%)
	46.35Mbps(-50.6%)
	46.71Mbps(-50.9%)

	SBFD-DXXXU-UL20%-100dB
	41.87Mbps(-18.2%)
	79.42Mbps(-15.3%)
	80.39Mbps(-15.5%)

	SBFD-DXXXU-UL50%-100dB
	25.16Mbps(-50.9%)
	58.22Mbps(-37.9%)
	58.86Mbps(-38.2%)



Table 5: UL user thoughput assuming self-interference isolation is 85dB
	Simulation cases
	UL user throughput at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	0.71 Mbps
	4.74 Mbps
	23.74Mbps

	SBFD-XXXXU-UL20%-100dB
	0.70Mbps(-2%)
	8.62Mbps (+81.9%)
	37.23Mbps(+55.2%)

	SBFD-XXXXU-UL50%-100dB
	0.84Mbps(+17.9%)
	11.20Mbps (+136.3%)
	58.78Mbps(+157.6%)

	SBFD-DXXXU-UL20%-100dB
	0.74Mbps(+3.5%)
	8.24Mbps(+73.6%)
	33.27Mbps(+40.1%)

	SBFD-DXXXU-UL50%-100dB
	0.88Mbps(+23.2%)
	14.39Mbps(+203.4%)
	53.33Mbps(+124.6%)




Based on the simualtion results, we can have the following observations:
· DL user thoughput is degraded significantly once UL subband is configured in DL slots.
· The degradation of performance is caused by less available DL resources in each SBFD slot
· The larger UL subband in a SBFD slot, the more serious impacts on DL user thoughput
· UL user thoughput is improved with introduction of UL subband in SBFD slots.
· Significant performance gain can be observed when UL subband is introduced. The gain increases with the UL subband size, i.e. a larger UL subband brings better UL user throughput
· The gain obtained from SBFD is impacted by the capability of self-interference suppression. Self-interference is one of the major obstacles in-between to harvest benefits from SBFD.
· In ratio, improvement of UL performance is much more than the degradation of DL performance. For example, UL user throughput increase with a percentage of 211.2% with configuration { SBFD-DXXXU-UL50%-100dB } while DL user throughput decreases with a percentage of 37.9% with the same configuration.
· For cell edage UE, the benefits of SBFD for UL user thoughput is restricted as the more severe CLI interference from agressor gNB and co-site adjacent sector. It can be further improved if interference mitigation technology is introduced in the future.
· The maximum UL user throughput depends on how much additional UL resources can be provided by UL subband. For example, the UL user throughput of a cell center UE is better when XXXXU is configured comparing with DXXXU.
· For 5% and 50% percentile, DXXXU outperforms XXXXU with the same UL subband size. The reason may be DL data can be scheduled on DL slot, therefore less CLI and SI on SBFD slot are guaranteed. 
· Self-interference isolation impacts the benefits we can harvest from SBFD. The UL user thoughput with 100dB SI isolation outperforms that of 85 dB SI isolation.

Observation 3: When UL subband is introduced in DL slot, UL user throughput is improved significantly:
· Degradation of DL user thoughput is also observed, which depends on the UL subband configuration.
· In ratio, improvement of UL performance is much more than the degradation of DL performance. 
· Better self-interference isolation achieves higher UL user throughput.

2.4.2 UL and DL latency

2:1 DL/UL traffic ratio, packet size = 0.5 Mbyte, DL/UL traffic arrival rate={0.5,0.25}, Isolation=100dB
Baseed on the simulation results, the DL and UL latency at 5%, 50% and 95% percentile are summarized in Table 4 and Table 5 respectively.
Table 6: DL latency assuming self-interference isolation is 100dB
	Simulation cases
	DL latency at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	0.0441s
	0.0447s
	0.0820s

	SBFD-XXXXU-UL20%-100dB
	0.0564s(+28%)
	0.0622s(+39%)
	0.1323s(+61%)

	SBFD-XXXXU-UL50%-100dB
	0.0898s(+103.6%)
	0.0905s(+102.5%)
	0.3209s(+291.3%)

	SBFD-DXXXU-UL20%-100dB
	0.0522s(+18.4%)
	0.0528s(+18.1%)
	0.1011s(+23.3%)

	SBFD-DXXXU-UL50%-100dB
	0.0713s(+61.7%)
	0.0720s(+61.1 %)
	0.1754s (+113.9%)



Table 7: UL latency assuming self-interference isolation is 100dB
	Simulation cases
	DL latency at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	0.1766s
	0.8742s
	5.8682s

	SBFD-XXXXU-UL20%-100dB
	0.1126s(-36%)
	0.4852s(-44%)
	6.0222s(+3%)

	SBFD-XXXXU-UL50%-100dB
	0.0682s(-61.4%)
	0.3752s(-57.1%)
	5.7122s(-2.7%)

	SBFD-DXXXU-UL20%-100dB
	0.1154s(-34.7%)
	0.4156s(-52.5%)
	5.6660s(-3.4%)

	SBFD-DXXXU-UL50%-100dB
	0.0774s(-56.2%)
	0.2809s(-67.9%)
	4.4412s(-24.3%)



2:1 DL/UL traffic ratio, packet size = 0.5 Mbyte, DL/UL traffic arrival rate={0.5,0.25}, Isolation=85dB

Table 8: DL latency assuming self-interference isolation is 85dB
	Simulation cases
	DL latency at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	0.0441s
	0.0447s
	0.0820s

	SBFD-XXXXU-UL20%-100dB
	0.0564s(+28%)
	0.0622s(+39%)
	0.1323s(+61%)

	SBFD-XXXXU-UL50%-100dB
	0.0898s(+103.6%)
	0.0905s(+102.5%)
	0.2618s(+219.2%)

	SBFD-DXXXU-UL20%-100dB
	0.0522s(+18.4%)
	0.0528s(+18.1%)
	0.1001s(+22.2%)

	SBFD-DXXXU-UL50%-100dB
	0.0713s(+61.7%)
	0.0720s(+61.1 %)
	0.1667s (+103.3%)



Table 9: UL latency assuming self-interference isolation is 85dB
	Simulation cases
	DL latency at different percentile

	
	5%
	50%
	95%

	Baseline-DDDSU
	0.1766s
	0.8742s
	5.8682s

	SBFD-XXXXU-UL20%-100dB
	0.1138s(-35.5%)
	0.3546s(-59.5%)
	5.9427s(+1.3%)

	SBFD-XXXXU-UL50%-100dB
	0.0713s(-59.6%)
	0.4607s(-47.3%)
	4.9779s(-15.2%)

	SBFD-DXXXU-UL20%-100dB
	0.1261s(-28.6%)
	0.5092s(-41.8%)
	5.6715s(-3.4%)

	SBFD-DXXXU-UL50%-100dB
	0.0713s(-55.5%)
	0.2854s(-67.3%)
	4.7625s(-18.8%)



Based on the simualtion results, we can have the following observations:
· DL latecy is increased once UL subband is configured in DL slots.
· The degradation of performance comes from less available DL resources in each SBFD slot
· The larger UL subband in a SBFD slot, the more serious impacts on DL latency
· UL latency is reduced with introduction of UL subband in SBFD slots.
· Significant performance gain can be observed when UL subband is introduced. The gain increases with the UL subband size, i.e. a larger UL subband brings better performance on latency.
· The gain obtained from SBFD is impacted by the capability of self-interference suppression. Self-interference is one of the major obstacles in-between to harvest benefits from SBFD.
· In ratio, the magnitudes of improvement for UL performance and degradation for DL performance is similar.
· Self-interference isolation impacts the benefits we can harvest from SBFD. Lower UL latency can be achieved when 100dB self-interference isolation is assumed.


Observation 4: When UL subband is introduced in DL slot, UL lateny can be reduced significantly:
· Increasement of DL latency is also observed, which depends on the UL subband configuration.
· Better self-interference isolation brings lower UL latency.



2.4.3 UL and DL resource utilization
Baseed on the simulation results, the DL and UL resource utilization at 5%, 50% and percentile are summarized in Table 6 respectively.
Table 10: UL and DL resource utilization assuming self-interference isolation is 100dB
	Simulation cases
	DL resource utilization
	UL resource utilization

	Baseline-DDDSU
	22.8%
	74.4%

	SBFD-XXXXU-UL20%-85dB
	29.4%
	61.2%

	SBFD-XXXXU-UL50%-85dB
	48.3%
	55.6%

	SBFD-DXXXU-UL20%-85dB
	27.4%
	62.1%

	SBFD-DXXXU-UL20%-85dB
	37.8%
	56.5%



Table 11: UL and DL resource utilization assuming self-interference isolation is 85dB
	Simulation cases
	DL resource utilization
	UL resource utilization

	Baseline-DDDSU
	22.8%
	74.6%

	SBFD-XXXXU-UL20%-85dB
	29.4%
	62.8%

	SBFD-XXXXU-UL50%-85dB
	48.3%
	58.3%

	SBFD-DXXXU-UL20%-85dB
	27.4%
	63.3%

	SBFD-DXXXU-UL20%-85dB
	37.8%
	58.8%



Based on the simualtion results, we can have the following observations:
· DL resource utilization is increased once UL subband is configured in DL slots.
· The increasement of DL resource ultilization comes from less available DL resources in each SBFD slot
· UL resource utilization is reduced with introduction of UL subband in SBFD slots.
· With the current assumption, i.e. data arrival rate = 0.25 and 10 UEs per sector, the traffic load is still quite heavy although UL subband is introduced in SBFD slots.
· 100 dB self-interference isolation can further reduce UL resource ultilization compared to 85dB self-interference isolation.

Observation 5: When UL subband is introduced in DL slot, UL resource utilization can be reduced.
· Increasement of DL RU is also observed, which depends on the UL subband configuration.
· In ratio, reduction of UL performance is close to the increasement of DL performance. 
· Better self-interference isolation achieves lower UL resource utilization.



Conclusion  
In this contribution, we provide our views on evaluation on NR duplex evolution. We have the following observation:

Observation 1: For alt 3 and alt 4 under umbrella of SBFD Deployment Case 1, 
· It restricts the uplink transmission on the UL symbols with confining available UL resources within UL subband.
· The same UL/DL resource ratio between Legacy TDD and SBFD degrades or even eliminate the potential benefits of SBFD.
· System performance is further degraded due to the guard band between UL subband and DL subband on UL slot.

Observation 2: For deployment case 2, the following two interference type should be take into account:
· gNB-UE co-channel inter-subband interference: Interfernece caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· UE-gNB co-channel inter-subband interference: Interfernece caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to UL reception of the victim gNB on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.

Observation 3: When UL subband is introduced in DL slot, UL user throughput is improved significantly:
· Degradation of DL user thoughput is also observed, which depends on the UL subband configuration.
· In ratio, improvement of UL performance is much more than the degradation of DL performance. 
· Better self-interference isolation achieves higher UL user throughput.

Observation 4: When UL subband is introduced in DL slot, UL lateny can be reduced significantly:
· Increasement of DL latency is also observed, which depends on the UL subband configuration.
· Better self-interference isolation brings lower UL latency.

Observation 5: When UL subband is introduced in DL slot, UL resource utilization can be reduced.
· Increasement of DL RU is also observed, which depends on the UL subband configuration.
· In ratio, reduction of UL performance is close to the increasement of DL performance. 
· Better self-interference isolation achieves lower UL resource utilization.

Furthermore, we have the following proposals:

Proposal 1: For deployment case 1, indoor office/urban macro/dense urban defined in TR38.802/TR38.901 should be reused:
· 80% indoor UE and 20% outdoor UE is assumed
· Deprioritize Rural scenario
· FR2-2 is not considered for SBFD evaluation.
Proposal 2: SBFD Deployment Case 2 can be deprioritized and the following scenarios for evaluation can be considered in the future:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· 20% outdoor UE /80% indoor UE
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· 20% outdoor UE /80% indoor UE
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
Proposal 3: The following aspects corresponding to deployment case 3 need to be further clarified:
· For 1-layer case, dense urban Macro or Urban macro scenario is adopted
· For 2-layer case, dense urban Macro with two layers is adopted
· The SFBD gNB deployment needs further clarification, i.e. per layer deployment or mixed deployment across layers.
Proposal 4: XR traffic models can be considered for SBFD and dynamic/flexible TDD evaluation.
Proposal 5:  The following principle should be used when we determine the parameters associated with FTP model 3:
· Packet size equals to 0.5Mbytes which is the typical value defined in TR36.814
· Packet arrival rate within value range  [0.5, 1, 1.5, 2, 2.5] to can be a starting point
· Traffic load can be determined by packet arrival rate
Proposal 6:  The definition provided in Table 1 is adopted for SBFD and dynamic/flexible TDD evaluation.
Proposal 7: Either DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) is applicable to SBFD and dynamic/flexible TDD evaluation. User throughput is slightly preferred.
Proposal 8: For flexible/dynamic TDD, evaluate and study the performance in HetNet scenario.
Proposal 9: For SBFD simulation, separate Tx/Rx antenna array should be assumed for simultaneous transmission and reception.
Proposal 10: For SBFD simulation, the total number of antenna elements of separate-Tx/Rx antenna array for SBFD is two times of the total number of antenna elements of shared-Tx/Rx antenna array for legacy TDD.
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Appendix
Simulation assumptions for SBFD SLS
Table 5-1: Simulation parameters for evaluation on SBFD
	Parameters
	Dense Urban 

	Layout
	Single layer with 7 hexagonal cell with wrap around

	Minimum BS-UE (2D) distance
	35 m: TR38.828

	Minimum UE-UE (2D) distance
	3 m: TR38.828

	Inter-BS distance
	200 m

	Carrier frequency
	4 GHz

	BS Tx power
	44dBm/20MHz: TR38.802

	UE Tx power
	23 dBm: TR38.802

	Path-loss model
	-Macro(Aggressor) → Macro(Victim)
- BS-to-BS: TR38.901
- BS-to-UE: TR38.901
- UE-to-UE: TR38.901

	BS antenna configurations
	(Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.5) λ

	BS antenna height
	25 m: TR38.802

	BS antenna element gain + connector loss
	5 dBi : TR38.828

	BS receiver noise figure
	5 dB: TR38.802

	UE antenna configuration
	Omni: TR38.802

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl = 1: TR38.802

	UE antenna gain
	0 dBi: TR38.828

	UE receiver noise figure
	9 dB: TR38.802

	UE power control
	Power control as defined in TS38.213 section 7.1, (p0=-100dBm, alpha=0.8)

	Cell selection criteria
	Cell selection is based on coupling loss

	Traffic model
	FTP model 3 packet size:0.5Mbytes lambda: 1:DL 1 and UL 0.5,2: DL 1 and UL 1

	Output
	UL/DL User throughput (5%,50%, 95%), UL/DL Latency, Resource utilization

	TDD UL-DL configuration
	DDDSU

	Subband configuration
	XXXXU, DXXXU;
Structure of flexible slot: 12D2G0U
UL subband portion in system bandwidth: 20%,  50%

	SI suppression capability
	Basic capability: 85 dB
Advanced capability: 100 dB
Note: legacy gNB-gNB ACIR is reused, i.e. 43 dB
Note: accordingly, the total SI suppression capability is calculated as 85dB+43dB or 100dB+43dB

	Other assumption
	Same as TR38.828, e.g. 30dB suppression capability of inter-sector CLI

	Antenna architecture
	The number of antenna element for SBFD gNB is two times of that for legacy TDD gNB.
The number of antenna element for each direction is same as that of legacy TDD

	Simulaltion bandwidth
	20MHz(bandwidth<20MHz->power=20MHz)



Table 5-2: BS antenna element pattern

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi (assuming 1.8dB loss)

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.
Note 3:	A 65 degree horizontal element beamwidth was assumed for simulations, even though the physically correct beamwidth would be 130 degrees. The difference in assumption does not substantially impact the simulation results.




Simulation results for SBFD SLS
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Figure 5-1: DL user thoughput with assuming SI isolation=100dB
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Figure 5-2: UL user thoughput with assuming SI isolation=100dB
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Figure 5-3: DL latency with assuming SI isolation=100dB
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Figure 5-4: UL latency with assuming SI isolation=100dB
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Figure 5-5: DL user thoughput with assuming SI isolation=85dB
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Figure 5-6: UL user thoughput with assuming SI isolation=85dB
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Figure 5-7: DL latency with assuming SI isolation=85dB
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Figure 5-8: UL latency with assuming SI isolation=85dB

Agreements achieved in RAN1#109 e-meeting
In RAN1#109 e-meeting, the following agreements were achieved:
	Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.                                                                                                                                                   
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.

Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· [bookmark: _Hlk103319711]FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results.


Agreement
Regarding gNB self-interference modelling for system level simulation purpose, consider introducing ratio of self-interference (RSI) to represent the overall self-interference suppression capability of gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc. RSI also takes into account the impact of Tx/Rx antenna element gain on self-interference. The RSI, denoted as ,  can be defined as the ratio of the total power transmitted by gNB across all transmit chains on a frequency unit m (e.g., subband/RB/subcarrier m) in a SBFD carrier to the residual self-interference received by the same gNB on a single receiver chain on a different frequency unit n (e.g., another subband/RB/subcarrier n) in the same SBFD carrier.
· FFS: Model for link level simulations and relevant questions to ask RAN4
· FFS: details of gNB self-interference modelling using RSI in SLS. As one example based on per-RB-RSI, the gNB self-interference on a single receiver chain at UL RB n can be modelled as
· , wherein,
· 
· is the gNB self-interference on a single receiver chain at UL RB n caused by DL transmission on DL RB m.
· m is the DL RB index in DL subbands.
·  is gNB’s DL transmission power across all transmit chains at RB m (in dBm).
·  is the per-RB-RSI. 
· FFS: consider a statistical clutter model based on statistics of clutter strength and AoA.
· The following should be asked to RAN4:
· What is the value range of RSI  for each frequency range, and under what assumptions on the self-interference suppression means the value range of RSI is provided?
· RAN1 understands the RSI can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit, and it is up to RAN4 to provide the RSI in which granularity.
· Whether it is possible for RAN4 to provide RAN1 the respective capabilities of different self-interference suppression means? e.g., is it possible to provide the separate estimates for spatial isolation, subband frequency isolation, beamform nulling/isolation, and digital cancellation, etc., as below?
·  +… 
·  denotes the spatial isolation.
·  denotes the suband frequency isolation between the Tx frequency unit m and the Rx frequency unit n.
·  denotes the beamform nulling or beam isolation.
·  denotes the digital cancellation capability.
· Whether it is possible to simplify the RSI as frequency flat model, and under which condition(s) the dependency of the RSI on frequency can be ignored?
· The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.
· Does RSI have any dependency with the following factors or any other factors? What are the dependencies?
· gNB’s antenna aspects, e.g., the assumed antenna architecture, the number of transmit chains and receive chains, etc.
· Frequency aspects, e.g., the frequency distance between the Tx frequency unit m and the Rx frequency unit n, the number of RBs allocated for DL transmission, etc.
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
· Note: RAN1’s consideration on the frequency locations and sizes of SBFD DL subband and SBFD UL subband assumed in SBFD operation can be provided to RAN4.

Agreement
[bookmark: _Hlk103807408]For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
· co-site inter-sector co-channel inter-subband CLI
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
FFS: Usage of the above model provided by RAN4 in the evaluation

Agreement
At least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation.
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· [bookmark: _Hlk103784556]DL/UL received SINR using SLS
· Coverage metric
· FFS: MPL to achieve a certain bit rate in UL and DL
· FFS: definitions of the above metrics
· FFS: other metrics

Agreement
Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered. Performance evaluation comparison between different duplex modes (e.g., legacy static TDD vs. SBFD) should be performed based on the same amount of input traffic.
· FFS: other traffic models, e.g., XR, VoIP
· FFS: Packet size, traffic load, ratio of DL/UL traffic
· FFS: additionally consider different amount of input traffic at least for adjacent-channel coexistence studies

Agreement
For discussion for duplex evolution study (all agenda items), consider the following as RAN1’s common understanding:
· Co-channel interference: The interference is from the aggressor to the victim in the same carrier.
· Co-channel intra-subband interference: The interference is caused by transmission of the aggressor on a set of contiguous RBs in a carrier to reception of the victim on the same set of contiguous RBs in the same carrier.
· Co-channel inter-subband interference: The interference is caused by transmission of the aggressor in a first set of contiguous RBs in a carrier to reception of the victim in a second set of contiguous RBs in the same carrier, where the two contiguous RB sets are non-overlapping in frequency.
· Adjacent channel interference: The interference is from the aggressor in carrier#1 to the victim in carrier#2, where the carrier#1 and carrier#2 are adjacent carriers.
Note 1: ‘Co-channel’ here means ‘co-carrier’. ‘Adjacent-channel’ here means ‘adjacent-carrier’.

Agreement
For discussion for duplex evolution study (all agenda items), consider the following as the common understanding in RAN1 on the definition of interference types for SBFD operation:
· gNB self-interference (SI): Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency.
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.
· (inter-cell) co-site inter-sector co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.
· (inter-cell) UE-UE co-channel intra-subband CLI: CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier. 
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (inter-cell) co-site inter-sector co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI: CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency.
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.
Note: Some of the interferences may not be used according to the deployment scenarios, e.g, whether the SBFD subband configurations are the same or different across gNBs.
Note: This does not imply we need to consider all the above interference types in evaluation for SBFD.

Agreement
Regarding gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· [bookmark: _Hlk103931113]For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following cases:
· the two gNBs are from the same sector of the same site in adjacent carriers, i.e., co-site co-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sectors of the same site in adjacent carriers, i.e., co-site inter-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI
· Whether it is feasible to define a similar interference ratio as BS-BS ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define gNB-gNB-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor gNB on DL frequency unit m to the interference received by the victim gNB on UL frequency unit n? If it is feasible, then what is the value range of the gNB-gNB-adjacent-channel-per-RB/subband interference ratio for each frequency range?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
· Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?
FFS: How to make use of the interference model in RAN1

Agreement
For SBFD evaluation, consider the following for SBFD subband configurations:
· SBFD Subband configuration#1 with {DUD} pattern, which means 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.
· SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
· Use the following parameters for description of SBFD subband configuration in evaluation assumptions:
· ND: the number of RBs in one DL subband
· NU: the number of RBs in one UL subband
· NG: the number of RBs in one guard band between one UL subband and one DL subband

Agreement
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), consider the following alternatives:
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), 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.
· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), 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.
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
FFS: whether dynamic TDD can optionally be used for legacy TDD for comparison.

Agreement
For gNB-gNB co-channel/adjacent-channel channel model and UE-UE co-channel/adjacent-channel channel model in RAN1 SLS,
· Large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies report whether small scale fading (e.g., fast fading including antenna gain) is also modelled in their simulation.
· Note: Antenna gain is calculated based on the gNB-gNB or UE-UE LOS direction instead on the multi-path directions if fast fading is not modeled.
· FFS: how to model realistic LOS probability for gNB-gNB and UE-UE channel model.
· FFS: How to set aligned channel model amongst companies for SLS calibration (if needed).

Agreement
For gNB-gNB channel model, reuse gNB-to-UE channel model in TR 38.901 with necessary modification
· Replacing the UE’s antenna height with gNB’s antenna height, updating the angular spread
· FFS: whether/how to update LOS probability.
· FFS: Other details and necessary modifications
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