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Introduction
In RAN1#110 meeting, we further 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

Two sub-cases have been identified in RAN1#109 meeting, i.e. 1-layer case and 2-layer case. In the followed RAN1#110 meeting, it was agreed that deployment case 3-1 can be discussed with low priority. Even so, 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 understandings, 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 1: 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

In RAN1#110, we discussed the relevant parameters of several deployment scenarios and the a working assumption was achieved.[1] Basically, the principle is to reuse the scenarios defined in TR38.802 as much as possible. Considering the scenarios in TR38.802 have been extensively used for NR simulation, which are mature enough, we think the working assumption can be confirmed. Additional scenarios proved to be more realistic for SBFD/DTDD can also be supported if necessary. 
Regarding the minimum UE-UE(2D) distance, the controversy on 3m is that it cannot reflect the realistic connection between UEs as it is typical that people are more close to each other than 3m in a room or in the street. It is a reasonable assumption to set a smaller minimum distance between two UEs. However, it may not make much difference between two values, i.e. 1m and 3m, as it can only determine the minimum distance and UEs are still dropped uniformly within cell area. More importantly, we don’t see the necessity to define different UE-to-UE minimum distance for different scenarios.

Proposal 2: Confirm the following working assumption with a unified minimum UE-UE(2D) distance across different scnarios:
Working Assumption
	Parameters
	Indoor office
	Urban macro / Dense Urban Macro layer
	Dense Urban with 2-layer

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m) 
	Single layer
Macro layer: 
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
	Two layer
Macro layer:
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer: According to previous agreement
· Baseline: 3 Micro BSs per Macro BS
· Optional: 6, or 9 Micro BSs per Macro BS

	Inter-BS (2D) distance
	20m [TR 38.802 Table A.2.1-11]
	500m for Urban Macro [TR 38.802 Table A.2.1-11]
200m for Dense Urban Macro layer [TR 38.802 Table A.2.1-1]
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 105m 
Minimum Micro-center-to-micro-center distance: 57.9m

	Minimum BS-UE (2D) distance
	0m [TR 38.802 Table A.2.1-11]
	35m [TR 38.802 Table A.2.1-11]
	Macro-to-UE: 35m 
Micro-to-UE: 10m [TR 38.802 Table A.2.1-11]

	Minimum UE-UE (2D) distance
	FFS 3m [TR 38.802 Table A.2.1-11]
	FFS :3m [TR 38.802 Table A.2.1-11]
	FFS: 3m [TR 38.802 Table A.2.1-11]

	BS antenna height
	3 m [TR 38.802 Table A.2.1-1]
	25 m [TR 38.802 Table A.2.1-1]
	25m for macro cells and 10m for micro cells [TR 38.802 Table A.2.1-1]




Parameters for UE distribution

In RAN1#110 meeting, cluster based UE distribution was agreed as a baseline. The key parameters for determining cluster-based UE distribution is still open. The detail procedures to distribute UE in the network is described as the following agreement achieved in RAN1#110:
	Agreement
Update the previous agreement as below:
For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering at least for FR1)
· M users per macro TRP
· [bookmark: OLE_LINK1]Step 1: Randomly drop X UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and the minimum distance between two UE cluster centers as Dinter-cluster 
· Step 2: Y% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, (1-Y%) users randomly and uniformly dropped in the macro geographical area outside the clusters
· Note: UEs dropped within the UE cluster(s) are indoor with 3km/h; UEs dropped outside the UE cluster(s) are outdoor in car with 30km/h
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· FFS: Indoor UEs height 
· Y%=80%
· FFS the values of M, X, Dmacro-to-cluster, Dinter-cluster, R
· Optional: 
· 10 users per macro TRP (per direction), and all users are randomly and uniformly dropped within the macro cell
· At least for FR1: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1]
· FFS: FR2 details



The principle of FTP model 3 is  to generating data packet for each UE according to the packet size and arrival rate. Therefore, the total number of  dropped UEs within gNB area would impact resource utilization. It should be considered together with relevant parameters of FTP model 3. For example, if a large number of UE is distributed in the cell, the arrival data rate has to be reduced. On the other hand, the motivation of cluster based UE distribution is to simulate UE-to-UE CLI as realistic as possible. In TR38.802, 60 UEs per Macro cell is assumed for dense urban scenario, wherein 3 Micro per Macro TRP are dropped.[2] Hence, the number of UE per Macro TRP can be set as 20.  UE-to-UE CLI comes from different UE clusters may be not as severe as that within a same UE cluster. One UE cluster per Macro TRP can be a baseline.  Generally speaking, the procedure of cluster based UE distribution is same as that of dense urban with two layers. The parameters defined in TR38.802 for dense urban can be reused here. A Micro droped in a Macro area can be reused as a UE cluster. To be specific, the following parameters can be used as the starting point for UE distribution:
· Dmacro-to-cluster=35+28.9m
· Dinter-cluster = 57.9 m
· R = 28.9m
Regarding to Dmacro-to-cluster, 35m is the minum distance between UE and Macro gNB as defined in TR38.802. 28.9m is the radius of Micro cell.
Regarding indoor UE height, we think it should be same as outdoor UE, i.e. 1.5m should be reused.

Proposal 3: For UE distribution of Urban Macro and Dense Urban Macro layer, the following parameter values can be applied to cluster based UE distribution at least for FR1:
· Dmacro-to-cluster=35+28.9m
· Dinter-cluster = 57.9 m
· R = 28.9m
· Indoor UE height = 1.5m


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. 

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


[bookmark: OLE_LINK2]Definition of output metrics

Druing RAN1#109 e-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
In RAN1#110 meeting, we agreed to at least use RU, Packet latency and DL/UL UPT as the SLS metric and further clarified the definition.[1] However, the definition of DL/UL received SINR using SLS and coverage metric are still open. 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 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



[bookmark: OLE_LINK3]Proposal 5:  The definition provided in Table 1 is adopted for SBFD and dynamic/flexible TDD evaluation.


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 6: Dynamic TDD is not used for legacy TDD for comparison.

Channel model
In RAN1#110 meeting, we premilinarily discussed gNB-to-gNB channel model and UE-to-UE channel model. Two working assumptions for gNB-to-gNB channel model and UE-to-UE channel model were made respectively. Generally speaking,  the following principles are applied to both channel model:
· For gNB-to-gNB channel model across different scenarios, channel models defined in TR38.901 are reused
· For UE-to-UE channel model across different scenarios, depends on the frequency range:
· For FR1, channel models defined in either TR38.901 or TR36.843 can be reported by companies.
· For FR2-1, channel models defined in TR38.901 are reused.
Channel model is fundamental factor for SLS simulation which needs comprehensive analyses and discussions. We don’t think it is feasible to define or introduce new channel models for SBFD evaluation during study item. On the other hand, we don’t see the motivation to introduce new channel model or modify the channel models defined in TR38.901 for SBFD/DTDD evaluation purpose. Based on aforementioned anaylses, we propose to confirm the working assumption on gNB-to-gNB channel model and UE-to-UE channel model achieved in the last meeting.

Proposal 7: Confirm the two working assumptions related to gNB-to-gNB channel model and UE-to-UE channel model achieved in RAN1#110 meeting.


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
Evaluation cases
In RAN1#110 meeting, very good progress has been achieved on evaluation methodology and deployment scenarios. [1] On the other hand, there is a lot of freedom for companies to select the detail parameters of SLS simulation. We list the key parameters for system level evaluations with different options as below:
· UL/DL traffic generation: there are two options for UL/DL traffic generation, i.e. 1) Each UE is either assigned UL traffic or DL traffic. 2) Each UE is assigned both UL traffic and DL traffic.
· FTP packet size: symmetric packet size or asymmetric packet size.
· Channel estimation: ideal channel estimation or realistic channel estimation.
· BS transmit power: two options for Macro scenario.
· UE-UE channel model: two options for FR1.
· gNB antenna architecture: three options were identified in RAN1#110 meeting. 
We want to emphasize the options for each listed key parameter are equal and which option is adopted in the simulation is fully up to company. Without futher guidence, the optional parameters would lead to divergent parameter  combinations. Considering the above parameters are fundamental for SLS evaluation, different parameter would leads to quite different results. It makes comparasion among companies very difficult if not impossible. Accordingly, it is important to identify a baseline combination of the above parameters.

Observation 2: A baseline combination is needed for the following parameters for easy comparison among companies:
· UL/DL traffic generation
· FTP packet size
· Channel estimation
· BS transmit power
· UE-UE channel model
· gNB antenna architecture 


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 3: 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, which comes from the reply LS from RAN4.  Dense urban with single layer scenario is assumed wherein 20 UEs are dropped per sector. In each sector, one UE cluster is dropped and 80% UEs are uniformly distributed within the cluster. More detail simulation assumptions can be found in the appendix. Regarding the evaluation metrics, UL/DL user perceived thoughput, UL/DL latency and UL/DL RU are used in the simulation so as to comprehensively evaluate SBFD technique.  The aforementioned metrics are defined in previous meeting.[1]
Basically, the following cases are simulated:
· Baseline-DDDSU: Legacy TDD with TDD UL-DL configuration DDDSU. 
· SBFD-XXXXU-UL20%-145dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 145dB. 
· SBFD-XXXXU-UL20%-185dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 185dB.
· SBFD-XXXXU-UL50%-145dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 145dB. 
· SBFD-XXXXU-UL50%-185dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 185dB.
· SBFD- DXXXU -UL20%-145dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 145dB. 
· SBFD- DXXXU -UL20%-185dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 185dB.
· SBFD- DXXXU -UL50%-145dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 145dB. 
· SBFD- DXXXU -UL50%-185dB: 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 145dB, i.e. the isolation between Tx and Rx of a SBFD gNB is 185dB.
Dense urban Macro and indoor/hotspot are both evaluated. Furthermore, different 
2.4.1 System simulation results for dense urban scenario
In this section, the evaluation results for dense urban scenarios are provided which take different assumptions into account.
2.4.1.1 UL and DL User Perceived Throughput
In this section, we provide results derived from following user perceived througput definition for DL and UL respectively.
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
· Tail-UPT of a user: defined as the worst 5% UPT among all FTP packets intended for this user [Refer to TR36.814].
· Median-UPT of a user: defined as the 50% UPT among all FTP packets intended for this user.
In order to reflect the traffic load in real world, we also provide results corresponding to different RU. The RU is determined by the baseline legacy TDD.
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Figure 4: UL Average-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 5: DL Average-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 6: UL Medium-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 7: DL Medium-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 8: UL Tail-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 9: DL Tail-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD


Based on the simualtion results, we can have the following observations:
· DL user perceived thoughput is degraded significantly once UL subband is configured in DL slots, no matter which kind of UPT is used.
· 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 perceived 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. 
· The maximum UL user throughput depends on how much additional UL resources can be provided by UL subband. For example, the UL user perceived throughput of a UE is better when XXXXU is configured comparing with DXXXU.
· Self-interference isolation impacts the benefits we can harvest from SBFD. For 185 dB SI suppression capability and 145 dB SI suppression capability, the former assumption slightly outperforms the later one. In the other word, 145 dB SI suppression capability already provides enough isolation for self-interference

Observation 4: 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. 145 dB SI suppression can provide sufficient isolation between Tx and Rx at gNB side.

2.4.1.2 UL and DL latency
In this section, we provide results derived from following latency definition for DL and UL respectively.
· Option 1: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· Option 2: Calculate the latency for each packet for each UE, and then calculate the average latency for each UE, then generate the CDF for these average latency for each UE
· UE-Average-Latency: defined as the average packet latency for a UE
· UE-Average-Latency CDF: The CDF of the UE-Average-Latency for all users.
· Mean/5%/50%/95% UE-Average-Latency: The mean/5%/50%/95% value of UE-Average-Latency for all users.
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Figure 10: UL Packet-latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 11: DL Packet-latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 12: UL UE-latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 13: DL UE-latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 14: UL UE-average(mean/5%/50%/95%) assuming different Target RU for legacy TDD
[image: ][image: ][image: ]
Figure 15: DL UE-average(mean/5%/50%/95%) assuming different Target RU for legacy TDD

Based on the simualtion results, we can have the following observations:
· DL latecy is increased once UL subband is configured in DL slots no matter which kind of packet latency is adopted.
· 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 no matter which kind of packet latency is adopted.
· 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 is larger than degradation for DL performance.
· Self-interference isolation impacts the benefits we can harvest from SBFD. Lower UL latency can be achieved when larger self-interference isolation is assumed.


Observation 5: 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.



2.4.1.3 UL and DL resource utilization
Baseed on the simulation results, the DL and UL resource utilization at 5%, 50% and percentile are summarized in Figure 16 and Figure 17 respectively.
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Figure 16: DL resource utilization for Dense urban scenario
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Figure 17: UL resource utilization for Dense urban scenario


Based on the simualtion results, we can have the following observations:
· DL resource utilization is increased once UL subband is configured in DL slots across light traffic load, medium traffic load and high traffic load.
· 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 across light traffic load, medium traffic load and high traffic load.
· Better self-interference isolation can further reduce UL resource ultilization.

Observation 6: 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.
2.4.2 System simulation results for Indoor/Hotspot scenario
In this section, the evaluation results for Indoor/Hotspot scenarios are provided which take different assumptions into account.
2.4.2.1 UL and DL User Perceived Throughput
In this section, we provide results derived from following user perceived througput definition for DL and UL respectively.
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
· Tail-UPT of a user: defined as the worst 5% UPT among all FTP packets intended for this user [Refer to TR36.814].
· Median-UPT of a user: defined as the 50% UPT among all FTP packets intended for this user.
In order to reflect the traffic load in real world, we also provide results corresponding to different RU. The RU is determined by the baseline legacy TDD.
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Figure 18: UL Average-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 19: DL Average-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 20: UL Average-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 21: DL Average-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 22: UL Tail-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 23: DL Tail-UPT(mean/5%/50%/95%) assuming different Target RU for legacy TDD
Based on the simualtion results, we can have the following observations:
· DL user perceived thoughput is degraded significantly once UL subband is configured in DL slots, no matter which kind of UPT is used.
· 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 perceived 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. 
· The maximum UL user throughput depends on how much additional UL resources can be provided by UL subband. For example, the UL user perceived throughput of a UE is better when XXXXU is configured comparing with DXXXU.
· Self-interference isolation impacts the benefits we can harvest from SBFD. For 185 dB SI suppression capability and 145 dB SI suppression capability, the former assumption slightly outperforms the later one. In the other word, 145 dB SI suppression capability already provides enough isolation for self-interference

Hence similar observation for indoor/hotspot can be observed as dense urban scenario.
2.4.1.2 UL and DL latency
In this section, we provide results derived from following latency definition for DL and UL respectively.
· Option 1: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· Option 2: Calculate the latency for each packet for each UE, and then calculate the average latency for each UE, then generate the CDF for these average latency for each UE
· UE-Average-Latency: defined as the average packet latency for a UE
· UE-Average-Latency CDF: The CDF of the UE-Average-Latency for all users.
· Mean/5%/50%/95% UE-Average-Latency: The mean/5%/50%/95% value of UE-Average-Latency for all users.
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Figure 24: UL Packet-latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD
[image: ][image: ][image: ]
Figure 25: DL Packet-latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 26: UL UE-Average-Latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD
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Figure 27: DL UE-Average-Latency(mean/5%/50%/95%) assuming different Target RU for legacy TDD

Based on the simualtion results, we can have the following observations:
· DL latecy is increased once UL subband is configured in DL slots no matter which kind of packet latency is adopted.
· 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 no matter which kind of packet latency is adopted.
· 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 is larger than degradation for DL performance.
· Self-interference isolation impacts the benefits we can harvest from SBFD. Lower UL latency can be achieved when larger self-interference isolation is assumed.

Hence similar observation for indoor/hotspot can be observed as dense urban scenario.

2.4.1.3 UL and DL resource utilization
Baseed on the simulation results, the DL and UL resource utilization at 5%, 50% and percentile are summarized in Figure 16 and Figure 17 respectively.
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Figure 28: DL resource utilization for Indoor/Hotspot
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[bookmark: _GoBack]Figure 29: UL resource utilization for Indoor/Hotspot
Based on the simualtion results, we can have the following observations:
· DL resource utilization is increased once UL subband is configured in DL slots across light traffic load, medium traffic load and high traffic load.
· 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 across light traffic load, medium traffic load and high traffic load.
· Better self-interference isolation can further reduce UL resource ultilization.

Hence similar observation for indoor/hotspot can be observed as dense urban scenario.

Observation 7: SBFD technology can harvest more benefits in Indoor/Hotspot scenario compared with Dense Urban scenaro, thanks to low gNB power and good isolation.

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: A baseline combination is needed for the following parameters for easy comparison among companies:
· UL/DL traffic generation
· FTP packet size
· Channel estimation
· BS transmit power
· UE-UE channel model
· gNB antenna architecture 

Observation 3: 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 4: 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. 145 dB SI suppression can provide sufficient isolation between Tx and Rx at gNB side.

Observation 5: 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 6: 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.

Observation 7: SBFD technology can harvest more benefits in Indoor/Hotspot scenario compared with Dense Urban scenaro, thanks to low gNB power and good isolation.

Furthermore, we have the following proposals:
Proposal 1: 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 2: Confirm the following working assumption with a unified minimum UE-UE(2D) distance across different scnarios:
Working Assumption
	Parameters
	Indoor office
	Urban macro / Dense Urban Macro layer
	Dense Urban with 2-layer

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m) 
	Single layer
Macro layer: 
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
	Two layer
Macro layer:
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer: According to previous agreement
· Baseline: 3 Micro BSs per Macro BS
· Optional: 6, or 9 Micro BSs per Macro BS

	Inter-BS (2D) distance
	20m [TR 38.802 Table A.2.1-11]
	500m for Urban Macro [TR 38.802 Table A.2.1-11]
200m for Dense Urban Macro layer [TR 38.802 Table A.2.1-1]
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 105m 
Minimum Micro-center-to-micro-center distance: 57.9m

	Minimum BS-UE (2D) distance
	0m [TR 38.802 Table A.2.1-11]
	35m [TR 38.802 Table A.2.1-11]
	Macro-to-UE: 35m 
Micro-to-UE: 10m [TR 38.802 Table A.2.1-11]

	Minimum UE-UE (2D) distance
	FFS 3m [TR 38.802 Table A.2.1-11]
	FFS :3m [TR 38.802 Table A.2.1-11]
	FFS: 3m [TR 38.802 Table A.2.1-11]

	BS antenna height
	3 m [TR 38.802 Table A.2.1-1]
	25 m [TR 38.802 Table A.2.1-1]
	25m for macro cells and 10m for micro cells [TR 38.802 Table A.2.1-1]



Proposal 3: For UE distribution of Urban Macro and Dense Urban Macro layer, the following parameter values can be applied to cluster based UE distribution at least for FR1:
· Dmacro-to-cluster=35+28.9m
· Dinter-cluster = 57.9 m
· R = 28.9m
· Indoor UE height = 1.5m

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

Proposal 5:  The definition provided in Table 1 is adopted for SBFD and dynamic/flexible TDD evaluation.

Proposal 6: Dynamic TDD is not used for legacy TDD for comparison.

Proposal 7: Confirm the two working assumptions related to gNB-to-gNB channel model and UE-to-UE channel model achieved in RAN1#110 meeting.

Proposal 8: For flexible/dynamic TDD, evaluate and study the performance in HetNet scenario.
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Appendix
Simulation assumptions for SBFD SLS
Table 5-1: Simulation parameters for dense urban
	Parameters
	Values 

	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
	44 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]

	UE Tx power
	23 dBm for 100MHz TR38.802

	Path-loss model
	-Macro(Aggressor) → Macro(Victim)
- BS-to-BS: TR38.901
- BS-to-UE: TR38.901
- UE-to-UE: Option 1: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802

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

	BS antenna 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 ~uniform(4,8) TR36.873

	UE antenna gain
	0 dBi: TR38.828

	UE receiver noise figure
	9 dB: TR38.802

	UE power control
	Power control as defined in TR 37.910, (p0=-86dBm, alpha=0.9)

	Cell selection criteria
	Cell selection is based on coupling loss

	Traffic model
	FTP model 3 
Packet size: 0.5Mbytes 
Arrivial rate(DL/UL): 0.2/0.1, 1.5/0.25, 3/0.5

	Output
	UL/DL UPT (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: 50%

	SI suppression capability
	Advanced capability#1: 145 dB
Advanced capability#2: 185 dB
Note: legacy gNB-gNB ACIR is incorporated in the above capability

	Other assumption
	Reuse SI suppression capability for 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
	100MHz Agreement
Note: Tx power needs to be scaled accordingly

	UE distribution
	Clustering based, refer to chairman notes.
Number of UE cluster=1, Dmacro-to-cluster=35+Micro Radius, Dinter-cluster,=2* Micro Radius Note: Micro Radius =28.9

	gNB-to-gNB LOS probability
	If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
· X = 0.75

	Number of UEs per Macro TRP 
	20
Note:
20% UEs are distributed in Macro area
80% UEs are distributed in UE clusters


Table 5-2: BS antenna element pattern for dense urban
	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.


Table 5-1: Simulation parameters for indoor
	Parameters
	Indoor 

	Layout
	Single layer with 12 BSs per 120m x 50m

	Minimum BS-UE (2D) distance
	0 m: TR38.802

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

	Inter-BS distance
	20 m TR38.802

	Carrier frequency
	4 GHz

	BS Tx power
	24 dBm for 100MHz

	UE Tx power
	23 dBm: TR38.828

	Path-loss model
	- BS-to-BS: TR38.901
- BS-to-UE: TR38.901
- UE-to-UE: Option 1: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802

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

	BS antenna height
	3 m: TR38.802

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

	BS receiver noise figure
	5 dB: TR38.802

	UE antenna configuration
	Omni: TR38.802

	UE antenna height
	hUT=1.5 m 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 TR37.910, (p0=-60dBm, alpha=0.6)

	Cell selection criteria
	Cell selection is based on coupling loss

	Traffic model
	FTP model 3 
Packet size: 0.5Mbytes 
Arrivial rate(DL/UL): 0.8/0.2, 2.5/0.6, 4.5/ 1.1

	Output
	UL/DL UPT (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: 50%

	SI suppression capability
	Advanced capability#1: 145 dB
Advanced capability#2: 185 dB
Note: legacy gNB-gNB ACIR is incorporated in the above capability

	Other assumption
	Reuse SI supporession capability for 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
	100MHz
Note: Tx power needs to be scaled accordingly

	UE distribution
	100% Indoor

	gNB-to-gNB LOS probability
	
 TR38.901

	gNB-to-UE LOS probability
	
 TR38.901

	Number of UEs per Macro TRP 
	10 UEs per BS TR38.802



Simulation results for SBFD SLS
Simulation results for Dense urban Macro scenrio
DL/UL resource utilization
Table 1: UL resource utilization for Dense urban scenario
	Simulation cases
	Low RU
	Medium RU
	High RU

	Baseline-DDDSU
	3.3%
	24.7%
	53%

	SBFD-XXXXU-UL50%-145dB
	6.9%
	55%
	95.8%

	SBFD-DXXXU-UL50%-145dB
	5.6%
	43.8%
	86.5%

	SBFD-XXXXU-UL50%-185dB
	7%
	56%
	95%

	SBFD-DXXXU-UL50%-185dB
	5.8%
	55.9%
	86.5%



Table 2: DL resource utilization for Dense urban scenario
	Simulation cases
	Low RU
	Medium RU
	High RU

	Baseline-DDDSU
	10%
	23.7%
	50.3%

	SBFD-XXXXU-UL50%-145dB
	3%
	9.7%
	22.4%

	SBFD-DXXXU-UL50%-145dB
	3.9%
	10.3%
	24.8%

	SBFD-XXXXU-UL50%-185dB
	3%
	9.3%
	21%

	SBFD-DXXXU-UL50%-185dB
	3.8%
	9.3%
	24.1%



UPT
Table 3: UL Mean/5%/50%/95% Average-UPT assuming Low RU for legacy TDD
	Simulation cases
	Mean(Mbps)
	5%( Mbps)
	50%( Mbps)
	95%( Mbps)

	Baseline-DDDSU
	101.55
	56.2
	114.27
	120.35

	SBFD-XXXXU-UL50%-145dB
	278.66
	200.79
	289.8
	295.15

	SBFD-DXXXU-UL50%-145dB
	224.23
	146.14
	233.43
	240.54

	SBFD-XXXXU-UL50%-185dB
	274.11
	179.34
	289.79
	295.06

	SBFD-DXXXU-UL50%-185dB
	220.48
	144.33
	233.23
	241.02


Table 4: UL Mean/5%/50%/95% Average-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	92.35
	44.14
	97.99
	118.8

	SBFD-XXXXU-UL50%-145dB
	260.71
	133.91
	288.59
	294.7

	SBFD-DXXXU-UL50%-145dB
	218.51
	144.77
	233.18
	240.51

	SBFD-XXXXU-UL50%-185dB
	264.63
	170.42
	288.95
	294.15

	SBFD-DXXXU-UL50%-185dB
	264.63
	170.42
	288.95
	294.15


Table 5: UL Mean/5%/50%/95% Average-UPT assuming high RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	79.21
	22.69
	83.66
	117.32

	SBFD-XXXXU-UL50%-145dB
	242.73
	124.33
	274.08
	292.82

	SBFD-DXXXU-UL50%-145dB
	203.62
	113.15
	229.71
	238.29

	SBFD-XXXXU-UL50%-185dB
	247.06
	129.24
	280.96
	294.32

	SBFD-DXXXU-UL50%-185dB
	207.19
	113.54
	228.9
	238.04


Table 6: DL Mean/5%/50%/95% Average-UPT assuming low RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	438.29
	377.01
	446.07
	463.82

	SBFD-XXXXU-UL50%-145dB
	223.82
	145.07
	233.8
	240.38

	SBFD-DXXXU-UL50%-145dB
	281.27
	219.98
	289.81
	301.25

	SBFD-XXXXU-UL50%-185dB
	223.03
	170.46
	233.4
	240.38

	SBFD-DXXXU-UL50%-185dB
	277.5
	219.41
	289.08
	298.84


Table 7: DL Mean/5%/50%/95% Average-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	365.47
	287.67
	371.53
	429.8

	SBFD-XXXXU-UL50%-145dB
	156.8
	87.03
	156.75
	224.43

	SBFD-DXXXU-UL50%-145dB
	212.7
	116.68
	218.48
	284.08

	SBFD-XXXXU-UL50%-185dB
	153.63
	72.97
	159.2
	224.28

	SBFD-DXXXU-UL50%-185dB
	153.63
	72.97
	159.2
	224.28


Table 8: DL Mean/5%/50%/95% Average-UPT assuming high RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	272.3
	151.21
	278.7
	382.82

	SBFD-XXXXU-UL50%-145dB
	50.76
	1.96
	36.95
	136.57

	SBFD-DXXXU-UL50%-145dB
	95.94
	3.53
	90.97
	208.9

	SBFD-XXXXU-UL50%-185dB
	52.88
	2.26
	41.86
	132.68

	SBFD-DXXXU-UL50%-185dB
	100.35
	4.73
	90.69
	215.72


Table 9: UL Mean/5%/50%/95% Medium-UPT assuming low RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	102.98
	56.2
	114.3
	120.67

	SBFD-XXXXU-UL50%-145dB
	279.11
	200.79
	290.45
	295.5

	SBFD-DXXXU-UL50%-145dB
	225.04
	146.17
	243.31
	241.41

	SBFD-XXXXU-UL50%-185dB
	275.04
	178.8
	290.09
	295.44

	SBFD-DXXXU-UL50%-185dB
	219.7
	144.33
	231.72
	241.02


Table 10: UL Mean/5%/50%/95% Medium-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	96.73
	43.39
	110.93
	119.81

	SBFD-XXXXU-UL50%-145dB
	261.4
	133.95
	289.14
	294.99

	SBFD-DXXXU-UL50%-145dB
	219.83
	144.47
	233.51
	241.34

	SBFD-XXXXU-UL50%-185dB
	265.46
	170.42
	289.08
	294.97

	SBFD-DXXXU-UL50%-185dB
	262.17
	167.69
	286.91
	293.7


Table 11: UL Mean/5%/50%/95% Medium-UPT assuming high RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	84.9
	20.65
	95.32
	119.58

	SBFD-XXXXU-UL50%-145dB
	247.06
	124.33
	281.69
	294.47

	SBFD-DXXXU-UL50%-145dB
	205.76
	113.15
	230.38
	240.51

	SBFD-XXXXU-UL50%-185dB
	250.09
	130.7
	287.11
	294.97

	SBFD-DXXXU-UL50%-185dB
	201.92
	107
	222.75
	236.92


Table 12: DL Mean/5%/50%/95% Medium-UPT assuming low RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	445.89
	425.03
	449.89
	467.79

	SBFD-XXXXU-UL50%-145dB
	228.93
	148.51
	234.83
	241.43

	SBFD-DXXXU-UL50%-145dB
	288.16
	278.9
	292
	205.17

	SBFD-XXXXU-UL50%-185dB
	230.01
	198.02
	234.56
	241.66

	SBFD-DXXXU-UL50%-185dB
	286.75
	277.03
	291.67
	303.74


Table 13: DL Mean/5%/50%/95% Medium-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	409.56
	241.67
	433.75
	452.67

	SBFD-XXXXU-UL50%-145dB
	173.18
	69.01
	186.51
	235.17

	SBFD-DXXXU-UL50%-145dB
	237.2
	107.89
	276.33
	294.04

	SBFD-XXXXU-UL50%-185dB
	172.09
	62.87
	193.45
	243.75

	SBFD-DXXXU-UL50%-185dB
	172.09
	62.87
	193.45
	234.75


Table 14: DL Mean/5%/50%/95% Medium-UPT assuming high RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	281.38
	106.73
	258.21
	438.43

	SBFD-XXXXU-UL50%-145dB
	43.11
	1.31
	21.75
	156.08

	SBFD-DXXXU-UL50%-145dB
	93.4
	2.61
	71.69
	276.31

	SBFD-XXXXU-UL50%-185dB
	44.68
	1.69
	23.66
	159.98

	SBFD-DXXXU-UL50%-185dB
	95.87
	3.6
	82.61
	264.57


Table 15: UL Tail-UPT assuming Low RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	99.92
	53.55
	113.81
	120.35

	SBFD-XXXXU-UL50%-145dB
	278.04
	200.79
	289.17
	295.15

	SBFD-DXXXU-UL50%-145dB
	223.13
	144.72
	231.48
	240.48

	SBFD-XXXXU-UL50%-185dB
	272.43
	178.11
	288.63
	295.06

	SBFD-DXXXU-UL50%-185dB
	219.7
	144.33
	231.72
	241.02


Table 16: UL Tail-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	84.42
	30.06
	89.89
	118.68

	SBFD-XXXXU-UL50%-145dB
	259.08
	133.91
	287.15
	293.9

	SBFD-DXXXU-UL50%-145dB
	216.16
	139.75
	230.77
	240.1

	SBFD-XXXXU-UL50%-185dB
	262.17
	167.69
	286.91
	293.7

	SBFD-DXXXU-UL50%-185dB
	262.17
	167.69
	286.91
	293.7


Table 17: UL Tail-UPT assuming high RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	65.01
	13.47
	60.46
	116.41

	SBFD-XXXXU-UL50%-145dB
	234.18
	112.8
	262.78
	292.27

	SBFD-DXXXU-UL50%-145dB
	197.22
	93.29
	223.41
	238.19

	SBFD-XXXXU-UL50%-185dB
	238.87
	96.54
	270.83
	294.32

	SBFD-DXXXU-UL50%-185dB
	201.92
	107
	222.75
	236.92


Table 18: DL Tail-UPT assuming low RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	420.54
	237.41
	437.98
	462.96

	SBFD-XXXXU-UL50%-145dB
	212.97
	119.04
	230.97
	240.33

	SBFD-DXXXU-UL50%-145dB
	266.53
	148.05
	286.2
	300.95

	SBFD-XXXXU-UL50%-185dB
	209.2
	118.75
	230.71
	239.68

	SBFD-DXXXU-UL50%-185dB
	259.52
	147.96
	285.89
	296.83


Table 19: DL Tail-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	176.76
	70.51
	158.54
	361.99

	SBFD-XXXXU-UL50%-145dB
	72.5
	18.19
	58.44
	221.74

	SBFD-DXXXU-UL50%-145dB
	102.33
	24.09
	80.96
	275.03

	SBFD-XXXXU-UL50%-185dB
	74.48
	15.84
	60.94
	219.69

	SBFD-DXXXU-UL50%-185dB
	102.68
	27.84
	76.8
	276.04


Table 20: DL Tail-UPT assuming high RU for legacy TDD
	Simulation cases
	mean(Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	Baseline-DDDSU
	90.57
	22.61
	75.39
	229.79

	SBFD-XXXXU-UL50%-145dB
	14.89
	0.86
	4.63
	65.25

	SBFD-DXXXU-UL50%-145dB
	33.24
	1.29
	18.5
	129.62

	SBFD-XXXXU-UL50%-185dB
	16.01
	0.84
	5.67
	61.69

	SBFD-DXXXU-UL50%-185dB
	34.14
	1.27
	15.13
	144.76



Latency
Table 21: UL Mean/5%/50%/95% Packet-Latency assuming low RU for legacy TDD
	Simulation cases
	Mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.042179
	0.033135
	0.034994
	0.074692

	SBFD-XXXXU-UL50%-145dB
	0.014403
	0.013539
	0.013803
	0.019603

	SBFD-DXXXU-UL50%-145dB
	0.01795
	0.016596
	0.017142
	0.024887

	SBFD-XXXXU-UL50%-185dB
	0.015266
	0.013552
	0.013812
	0.022454

	SBFD-DXXXU-UL50%-185dB
	0.018651
	0.016553
	0.017165
	0.027574


Table 22: UL Mean/5%/50%/95% Packet-Latency assuming medium RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.049259
	0.033371
	0.03606
	0.0958

	SBFD-XXXXU-UL50%-145dB
	0.014403
	0.013539
	0.013803
	0.019603

	SBFD-DXXXU-UL50%-145dB
	0.018879
	0.016607
	0.017177
	0.027687

	SBFD-XXXXU-UL50%-185dB
	0.019023
	0.013558
	0.013836
	0.022485

	SBFD-DXXXU-UL50%-185dB
	0.019023
	0.013558
	0.013836
	0.022485


Table 23: UL Mean/5%/50%/95% Packet-Latency assuming high RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.103945
	0.03339
	0.041886
	0.217036

	SBFD-XXXXU-UL50%-145dB
	0.039913
	0.013537
	0.013907
	0.029647

	SBFD-DXXXU-UL50%-145dB
	0.063596
	0.016614
	0.017273
	0.031152

	SBFD-XXXXU-UL50%-185dB
	0.035126
	0.013537
	0.013904
	0.029597

	SBFD-DXXXU-UL50%-185dB
	0.024032
	0.016565
	0.017294
	0.032234


Table 24: DL Mean/5%/50%/95% Packet-Latency assuming low RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.009319
	0.008541
	0.008947
	0.011555

	SBFD-XXXXU-UL50%-145dB
	0.018648
	0.016564
	0.017123
	0.033148

	SBFD-DXXXU-UL50%-145dB
	0.014701
	0.013098
	0.013784
	0.026168

	SBFD-XXXXU-UL50%-185dB
	0.018784
	0.016571
	0.017141
	0.033308

	SBFD-DXXXU-UL50%-185dB
	0.015039
	0.013132
	0.013802
	0.026708


Table 25: DL Mean/5%/50%/95% Packet-Latency assuming medium RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.0013218
	0.008569
	0.009265
	0.027882

	SBFD-XXXXU-UL50%-145dB
	0.039924
	0.016683
	0.024986
	0.115941

	SBFD-DXXXU-UL50%-145dB
	0.027767
	0.013288
	0.014864
	0.076403

	SBFD-XXXXU-UL50%-185dB
	0.042142
	0.016672
	0.025877
	0.123794

	SBFD-DXXXU-UL50%-185dB
	0.042142
	0.016672
	0.025877
	0.123794


Table 26: DL Mean/5%/50%/95% Packet-Latency assuming high RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.0025454
	0.008633
	0.016623
	0.076927

	SBFD-XXXXU-UL50%-145dB
	0.747691
	0.017438
	0.168415
	3.621043

	SBFD-DXXXU-UL50%-145dB
	0.273034
	0.013665
	0.055241
	1.528552

	SBFD-XXXXU-UL50%-185dB
	0.680729
	0.017683
	0.153597
	3.194878

	SBFD-DXXXU-UL50%-185dB
	0.0269789
	0.013672
	0.048858
	1.35869


Table 27: DL Mean/5%/50%/95% UE-Average-Latency assuming low RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.009283
	0.008633
	0.00898
	0.011591

	SBFD-XXXXU-UL50%-145dB
	0.018752
	0.01664
	0.017112
	0.027979

	SBFD-DXXXU-UL50%-145dB
	0.014671
	0.01328
	0.013806
	0.020211

	SBFD-XXXXU-UL50%-185dB
	0.018677
	0.01664
	0.01714
	0.02557

	SBFD-DXXXU-UL50%-185dB
	0.014979
	0.01339
	0.013845
	0.020395


Table 28: DL Mean/5%/50%/95% UE-Average-Latency assuming medium RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.013159
	0.009489
	0.012371
	0.019211

	SBFD-XXXXU-UL50%-145dB
	0.040292
	0.017844
	0.033364
	0.081089

	SBFD-DXXXU-UL50%-145dB
	0.027547
	0.014093
	0.023504
	0.058584

	SBFD-XXXXU-UL50%-185dB
	0.043989
	0.017961
	0.033868
	0.099848

	SBFD-DXXXU-UL50%-185dB
	0.043989
	0.017961
	0.033868
	0.099848


Table 29: DL Mean/5%/50%/95% UE-Average-Latency assuming high RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.025867
	0.011666
	0.021283
	0.057492

	SBFD-XXXXU-UL50%-145dB
	0.802625
	0.043538
	0.355067
	2.981509

	SBFD-DXXXU-UL50%-145dB
	0.348698
	0.0222
	0.096277
	1.930077

	SBFD-XXXXU-UL50%-185dB
	0.716461
	0.040516
	0.294553
	2.541553

	SBFD-DXXXU-UL50%-185dB
	0.331382
	0.020828
	0.107889
	1.543485


Table 30: UL Mean/5%/50%/95% UE-Average-Latency assuming low RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.042978
	0.033237
	0.035057
	0.071179

	SBFD-XXXXU-UL50%-145dB
	0.014616
	0.013553
	0.013803
	0.019921

	SBFD-DXXXU-UL50%-145dB
	0.018274
	0.016629
	0.017142
	0.027373

	SBFD-XXXXU-UL50%-185dB
	0.015199
	0.013556
	0.013804
	0.022305

	SBFD-DXXXU-UL50%-185dB
	0.018984
	0.016596
	0.01715
	0.027715


Table 31: UL Mean/5%/50%/95% UE-Average-Latency assuming medium RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.051137
	0.03367
	0.042706
	0.093024

	SBFD-XXXXU-UL50%-145dB
	0.016732
	0.013573
	0.01386
	0.029871

	SBFD-DXXXU-UL50%-145dB
	0.01948
	0.016632
	0.017161
	0.027839

	SBFD-XXXXU-UL50%-185dB
	0.017786
	0.013599
	0.013845
	0.023471

	SBFD-DXXXU-UL50%-185dB
	0.017786
	0.013599
	0.013845
	0.023471


Table 32: UL Mean/5%/50%/95% UE-Average-Latency assuming high RU for legacy TDD
	Simulation cases- Low RU for legacy TDD
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.109028
	0.034114
	0.053445
	0.221303

	SBFD-XXXXU-UL50%-145dB
	0.059917
	0.013662
	0.014601
	0.034598

	SBFD-DXXXU-UL50%-145dB
	0.053262
	0.016787
	0.017423
	0.042875

	SBFD-XXXXU-UL50%-185dB
	0.033355
	0.013591
	0.014262
	0.030951

	SBFD-DXXXU-UL50%-185dB
	0.026365
	0.016808
	0.01753
	0.036968



5.2.2 Simulation results for Indoor/Hotspot scenrio
DL/UL resource utilization
Table 33: DL resource utilization for Indoor/Hotspot scenario
	Simulation cases
	Low RU
	Medium RU
	High RU

	Baseline-DDDSU
	6%
	22.9%
	49.1%

	SBFD-XXXXU-UL50%-145dB
	13.8%
	58.2%
	94%

	SBFD-DXXXU-UL50%-145dB
	11.3%
	44.4%
	88.1%

	SBFD-XXXXU-UL50%-185dB
	13.8%
	58.1%
	94%

	SBFD-DXXXU-UL50%-185dB
	11.4%
	44.4%
	88.1%


Table 34: UL resource utilization for Indoor/Hotspot scenario
	Simulation cases
	Low RU
	Medium RU
	High RU

	Baseline-DDDSU
	8.8%
	23.1%
	54.5%

	SBFD-XXXXU-UL50%-145dB
	2.1%
	6.5%
	12.3%

	SBFD-DXXXU-UL50%-145dB
	2.6%
	7.7%
	16%

	SBFD-XXXXU-UL50%-185dB
	2%
	6.5%
	12.2%

	SBFD-DXXXU-UL50%-185dB
	2.6%
	7.7%
	16%



UPT
Table 35: DL Average-UPT assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	425.78
	363.7
	437.56
	456.51

	SBFD-XXXXU-UL50%-145dB
	210.35
	158.59
	216.18
	236.37

	SBFD-DXXXU-UL50%-145dB
	267.53
	210.05
	278.02
	295.48

	SBFD-XXXXU-UL50%-185dB
	210.35
	158.59
	216.18
	236.37

	SBFD-DXXXU-UL50%-185dB
	267.53
	210.05
	278.02
	295.48


Table 36: DL Average-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	371.98
	293.74
	378.98
	430.45

	SBFD-XXXXU-UL50%-145dB
	123.95
	52.13
	123.8
	193.83

	SBFD-DXXXU-UL50%-145dB
	197.77
	97.26
	211.63
	265.45

	SBFD-XXXXU-UL50%-185dB
	123.95
	52.13
	123.8
	193.83

	SBFD-DXXXU-UL50%-185dB
	197.77
	97.26
	211.63
	265.45


Table 37: DL Average-UPT assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	256.74
	123.41
	259.01
	358.71

	SBFD-XXXXU-UL50%-145dB
	36.85
	3.2
	26.8
	106.43

	SBFD-DXXXU-UL50%-145dB
	68.17
	4.64
	51.49
	174.03

	SBFD-XXXXU-UL50%-185dB
	36.85
	3.2
	26.8
	106.43

	SBFD-DXXXU-UL50%-185dB
	68.17
	4.64
	51.49
	174.03


Table 38: UL Average-UPT assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	109.24
	67.58
	115.38
	119.6

	SBFD-XXXXU-UL50%-145dB
	286.98
	264.26
	290.33
	294.45

	SBFD-DXXXU-UL50%-145dB
	233.33
	228.63
	233.49
	239.82

	SBFD-XXXXU-UL50%-185dB
	286.98
	264.26
	290.33
	294.45

	SBFD-DXXXU-UL50%-185dB
	233.33
	228.63
	233.49
	239.82


Table 39: UL Average-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	99.14
	56.77
	109.23
	120.21

	SBFD-XXXXU-UL50%-145dB
	273.78
	187.54
	289.53
	294.05

	SBFD-DXXXU-UL50%-145dB
	229.19
	207.42
	232.63
	237.87

	SBFD-XXXXU-UL50%-185dB
	273.78
	187.54
	289.53
	294.05

	SBFD-DXXXU-UL50%-185dB
	229.19
	207.42
	232.63
	237.87


Table 40: UL Average-UPT assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	90.51
	26.27
	95.57
	119.14

	SBFD-XXXXU-UL50%-145dB
	273.29
	213.21
	286.78
	293.09

	SBFD-DXXXU-UL50%-145dB
	215.76
	116.52
	230.84
	238.55

	SBFD-XXXXU-UL50%-185dB
	273.29
	213.21
	286.78
	293.09

	SBFD-DXXXU-UL50%-185dB
	215.76
	116.52
	230.84
	238.55


Table 41: DL Median-UPT assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	444.36
	429.19
	445.86
	465.62

	SBFD-XXXXU-UL50%-145dB
	225.35
	160.09
	233.06
	238.38

	SBFD-DXXXU-UL50%-145dB
	284.36
	241.93
	289.08
	300.43

	SBFD-XXXXU-UL50%-185dB
	225.35
	160.09
	233.06
	238.38

	SBFD-DXXXU-UL50%-185dB
	284.36
	241.93
	289.08
	300.43


Table 42: DL Median-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	416.86
	329.47
	431.84
	451.48

	SBFD-XXXXU-UL50%-145dB
	137.88
	53.13
	135.59
	231.76

	SBFD-DXXXU-UL50%-145dB
	219.1
	92.77
	242.17
	291.59

	SBFD-XXXXU-UL50%-185dB
	137.88
	53.13
	135.59
	231.76

	SBFD-DXXXU-UL50%-185dB
	219.1
	92.77
	242.17
	291.59


Table 43: DL Median-UPT assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	275.65
	108.94
	277.62
	426.22

	SBFD-XXXXU-UL50%-145dB
	29.58
	1.61
	14.17
	110.74

	SBFD-DXXXU-UL50%-145dB
	62.24
	2.07
	31.52
	211.69

	SBFD-XXXXU-UL50%-185dB
	29.58
	1.61
	14.17
	110.74

	SBFD-DXXXU-UL50%-185dB
	62.24
	2.07
	31.52
	211.69


Table 44: UL Median-UPT assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	111.26
	60.5
	115.85
	120.28

	SBFD-XXXXU-UL50%-145dB
	290.19
	286.46
	291.44
	294.9

	SBFD-DXXXU-UL50%-145dB
	234.75
	229.05
	234.13
	241.68

	SBFD-XXXXU-UL50%-185dB
	290.19
	286.46
	291.44
	294.9

	SBFD-DXXXU-UL50%-185dB
	234.75
	229.05
	234.13
	241.68


Table 45: UL Median-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	105.79
	58.09
	115.54
	121.05

	SBFD-XXXXU-UL50%-145dB
	279.93
	230.36
	291.09
	294.86

	SBFD-DXXXU-UL50%-145dB
	233.82
	228.92
	233.98
	240.11

	SBFD-XXXXU-UL50%-185dB
	279.93
	230.36
	291.09
	294.86

	SBFD-DXXXU-UL50%-185dB
	233.82
	228.92
	233.98
	240.11


Table 46: UL Median-UPT assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	94.99
	26.27
	107.03
	120.64

	SBFD-XXXXU-UL50%-145dB
	280.98
	253.72
	290.25
	294.28

	SBFD-DXXXU-UL50%-145dB
	225.12
	180.24
	232.99
	239.9

	SBFD-XXXXU-UL50%-185dB
	280.98
	253.72
	290.25
	294.28

	SBFD-DXXXU-UL50%-185dB
	225.12
	180.24
	232.99
	239.9


Table 47: DL Tail-UPT assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	346.83
	189.59
	421.34
	443.86

	SBFD-XXXXU-UL50%-145dB
	165.35
	70.11
	162.01
	233.54

	SBFD-DXXXU-UL50%-145dB
	217.96
	124.68
	253.13
	291.32

	SBFD-XXXXU-UL50%-185dB
	165.35
	70.11
	162.01
	233.54

	SBFD-DXXXU-UL50%-185dB
	217.96
	124.68
	253.13
	291.32


Table 48: DL Tail-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	201.85
	82.65
	174.88
	390.34

	SBFD-XXXXU-UL50%-145dB
	54.34
	13.31
	45.49
	144.01

	SBFD-DXXXU-UL50%-145dB
	108.74
	34.22
	88.44
	254.9

	SBFD-XXXXU-UL50%-185dB
	54.34
	13.31
	45.49
	144

	SBFD-DXXXU-UL50%-185dB
	108.74
	34.22
	88.44
	254.9


Table 49: DL Tail-UPT assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	95.78
	24.31
	83.42
	204.48

	SBFD-XXXXU-UL50%-145dB
	7.1
	0.88
	4.3
	25.87

	SBFD-DXXXU-UL50%-145dB
	16.5
	0.99
	7.19
	76.34

	SBFD-XXXXU-UL50%-185dB
	7.1
	0.88
	4.3
	25.87

	SBFD-DXXXU-UL50%-185dB
	16.5
	0.99
	7.19
	76.34


Table 50: UL Tail-UPT assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	104.91
	59.44
	114.35
	119.6

	SBFD-XXXXU-UL50%-145dB
	281.48
	232.42
	288.42
	294.45

	SBFD-DXXXU-UL50%-145dB
	230.02
	228.25
	231.3
	239.81

	SBFD-XXXXU-UL50%-185dB
	281.48
	232.42
	288.42
	294.45

	SBFD-DXXXU-UL50%-185dB
	230.02
	228.25
	231.3
	239.81


Table 51: UL Tail-UPT assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	88.34
	35.9
	105.19
	120.21

	SBFD-XXXXU-UL50%-145dB
	255.15
	65.27
	286.43
	292.65

	SBFD-DXXXU-UL50%-145dB
	217.37
	138.52
	229.41
	235.78

	SBFD-XXXXU-UL50%-185dB
	255.15
	65.27
	286.43
	292.65

	SBFD-DXXXU-UL50%-185dB
	217.37
	138.52
	229.41
	235.78


Table 52: UL Tail-UPT assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	77.77
	22.4
	89.78
	119.14

	SBFD-XXXXU-UL50%-145dB
	247.29
	59.77
	279.59
	292.16

	SBFD-DXXXU-UL50%-145dB
	196.32
	29.9
	223.83
	236.97

	SBFD-XXXXU-UL50%-185dB
	247.29
	59.77
	279.59
	292.16

	SBFD-DXXXU-UL50%-185dB
	196.32
	29.9
	223.83
	236.97



Latency
Table 53: DL Packet-Latency assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.009818
	0.008543
	0.008987
	0.017043

	SBFD-XXXXU-UL50%-145dB
	0.020956
	0.016604
	0.017219
	0.03721

	SBFD-DXXXU-UL50%-145dB
	0.015561
	0.013176
	0.013858
	0.026993

	SBFD-XXXXU-UL50%-185dB
	0.020956
	0.016604
	0.017219
	0.03721

	SBFD-DXXXU-UL50%-185dB
	0.015561
	0.013176
	0.013858
	0.026993


Table 54: DL Packet-Latency assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.012498
	0.008575
	0.009304
	0.026125

	SBFD-XXXXU-UL50%-145dB
	0.049681
	0.016959
	0.031439
	0.143762

	SBFD-DXXXU-UL50%-145dB
	0.025438
	0.013357
	0.016285
	0.069085

	SBFD-XXXXU-UL50%-185dB
	0.049681
	0.016959
	0.031439
	0.143762

	SBFD-DXXXU-UL50%-185dB
	0.025438
	0.013357
	0.016285
	0.069085


Table 55: DL Packet-Latency assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.023363
	0.008666
	0.014283
	0.071406

	SBFD-XXXXU-UL50%-145dB
	0.825653
	0.026635
	0.320204
	3.227324

	SBFD-DXXXU-UL50%-145dB
	0.429219
	0.014544
	0.09899
	2.047278

	SBFD-XXXXU-UL50%-185dB
	0.825653
	0.026635
	0.320204
	3.227324

	SBFD-DXXXU-UL50%-185dB
	0.429219
	0.014544
	0.09899
	2.047278


Table 56: UL Packet-Latency assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.03823
	0.033446
	0.03467
	0.060737

	SBFD-XXXXU-UL50%-145dB
	0.020414
	0.013551
	0.013787
	0.015892

	SBFD-DXXXU-UL50%-145dB
	0.017214
	0.016552
	0.017149
	0.017484

	SBFD-XXXXU-UL50%-185dB
	0.020414
	0.013551
	0.013787
	0.015892

	SBFD-DXXXU-UL50%-185dB
	0.017214
	0.016552
	0.017149
	0.017484


Table 57: UL Packet-Latency assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.045941
	0.033112
	0.03511
	0.090156

	SBFD-XXXXU-UL50%-145dB
	0.057582
	0.013531
	0.013776
	0.018479

	SBFD-DXXXU-UL50%-145dB
	0.017708
	0.016593
	0.017175
	0.019432

	SBFD-XXXXU-UL50%-185dB
	0.057582
	0.013531
	0.013776
	0.018479

	SBFD-DXXXU-UL50%-185dB
	0.017708
	0.016593
	0.017175
	0.019432


Table 58: UL Packet-Latency assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.058903
	0.033494
	0.040213
	0.152283

	SBFD-XXXXU-UL50%-145dB
	0.045707
	0.013546
	0.013817
	0.020874

	SBFD-DXXXU-UL50%-145dB
	0.026882
	0.016594
	0.017214
	0.028044

	SBFD-XXXXU-UL50%-185dB
	0.045707
	0.013546
	0.013817
	0.020874

	SBFD-DXXXU-UL50%-185dB
	0.026882
	0.016594
	0.017214
	0.028044


Table 59: DL UE-Average-Latency assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.009779
	0.008776
	0.009176
	0.012419

	SBFD-XXXXU-UL50%-145dB
	0.020807
	0.016924
	0.018982
	0.030894

	SBFD-DXXXU-UL50%-145dB
	0.015926
	0.013548
	0.01464
	0.022562

	SBFD-XXXXU-UL50%-185dB
	0.020807
	0.016924
	0.018982
	0.030894

	SBFD-DXXXU-UL50%-185dB
	0.015926
	0.013548
	0.01464
	0.022562


Table 60: DL UE-Average-Latency assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.012662
	0.009392
	0.011753
	0.019897

	SBFD-XXXXU-UL50%-145dB
	0.053492
	0.02263
	0.042549
	0.11865

	SBFD-DXXXU-UL50%-145dB
	0.028296
	0.0152
	0.022966
	0.055362

	SBFD-XXXXU-UL50%-185dB
	0.053492
	0.02263
	0.042549
	0.11865

	SBFD-DXXXU-UL50%-185dB
	0.028296
	0.0152
	0.022966
	0.055362


Table 61: DL UE-Average-Latency assuming high RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.02492
	0.012696
	0.020676
	0.050757

	SBFD-XXXXU-UL50%-145dB
	0.746885
	0.065761
	0.40866
	2.396608

	SBFD-DXXXU-UL50%-145dB
	0.569057
	0.030925
	0.209084
	2.215153

	SBFD-XXXXU-UL50%-185dB
	0.746885
	0.065761
	0.40866
	2.396608

	SBFD-DXXXU-UL50%-185dB
	0.569057
	0.030925
	0.209084
	2.215153


Table 62: UL UE-Average-Latency assuming low RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.038174
	0.033446
	0.03467
	0.060737

	SBFD-XXXXU-UL50%-145dB
	0.015803
	0.013585
	0.013787
	0.015137

	SBFD-DXXXU-UL50%-145dB
	0.017174
	0.016679
	0.017131
	0.017496

	SBFD-XXXXU-UL50%-185dB
	0.015803
	0.013585
	0.013787
	0.015137

	SBFD-DXXXU-UL50%-185dB
	0.017174
	0.016679
	0.017131
	0.017496


Table 63: UL UE-Average-Latency assuming medium RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.045397
	0.033276
	0.037089
	0.081749

	SBFD-XXXXU-UL50%-145dB
	0.133546
	0.013603
	0.013816
	0.059281

	SBFD-DXXXU-UL50%-145dB
	0.017759
	0.016816
	0.017209
	0.019615

	SBFD-XXXXU-UL50%-185dB
	0.133546
	0.013603
	0.013816
	0.059281

	SBFD-DXXXU-UL50%-185dB
	0.017759
	0.016816
	0.017209
	0.019615


Table 64: UL UE-Average-Latency assuming hig RU for legacy TDD
	Simulation cases
	mean
	5%
	50%
	95%

	Baseline-DDDSU
	0.05648
	0.033574
	0.044551
	0.152283

	SBFD-XXXXU-UL50%-145dB
	0.044741
	0.013648
	0.013954
	0.031508

	SBFD-DXXXU-UL50%-145dB
	0.034833
	0.01677
	0.017356
	0.102019

	SBFD-XXXXU-UL50%-185dB
	0.044741
	0.013648
	0.013954
	0.031508

	SBFD-DXXXU-UL50%-185dB
	0.034833
	0.01677
	0.017356
	0.102019


Agreements achieved in RAN1#110 e-meeting
In RAN1#110 e-meeting, the following agreements were achieved:

Agreement 
Two types of RU (Resource utilization) are defined for SBFD evaluation.
· Type-1 RU: DL/UL Type-1 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of all the RBs per cell including DL, UL and guard bands over observation time.
· Type-2 RU (Follow TR 36.814): DL/UL Type-2 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of RBs per cell available for traffic for the given link direction over observation time
· Note: In case of MU-MIMO, one RB allocated to N users within a cell is only counted as used once.
· Companies are to submit results for both RU definitions
· FFS: RU definition for dynamic TDD evaluations
Agreement
For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering)
· 10 users per macro TRP
· [bookmark: _Hlk112083022]Step 1: Randomly drop X UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and the minimum distance between two UE cluster centers as Dinter-cluster 
· Step 2: Y% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, (1-Y%) users randomly and uniformly dropped throughout the macro geographical area
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· FFS the values of X, Dmacro-to-cluster, Dinter-cluster, R, Y%
· Optional: 
· 10 users per macro TRP, and all users are randomly and uniformly dropped within the macro cell
· At least for FR1: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· FFS: FR2 details

Agreement
For Dense Urban with 2-layer for FR1, consider micro cell TRPs are deployed as following 
· Step 1: Randomly drop [3] micro TRP centers within one macro cell geographical area considering the minimum distance between micro TRP centers (Dinter-micro-center) and the minimum distance between macro TRP and micro TRP center (Dmacro-to-micro-center).
· Step 2: Randomly deploy one micro TRP on the area circle around each micro TRP center with the radius of half of Dinter-micro-center 
· Step 3: Determine the horizontal angle of the micro TRPs with the planer facing to the micro TRP center.
· Dinter-micro-center =[57.9 m], Dmacro-to-micro-center = [105 m]



Agreement
For latency related performance metric for FTP model 3 in SLS, option 1 is baseline, it is up to companies to report the latency with option 2.
· Packet latency: defined as the time which 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.
· (baseline) Option 1: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· (optional) Option 2: Calculate the latency for each packet for each UE, and then calculate the average latency for each UE, then generate the CDF for these average latency for each UE
· UE-Average-Latency: defined as the average packet latency for a UE
· UE-Average-Latency CDF: The CDF of the UE-Average-Latency for all users.
· Mean/5%/50%/95% UE-Average-Latency: The mean/5%/50%/95% value of UE-Average-Latency for all users.
· Note: HARQ re-transmission should be considered for latency evaluation.
· Unfinished/dropped FTP packets are not incorporated in the packet latency calculation.
· Unfinished/dropped Packet Rate is defined as the number of the unfinished packets for all users divided by the total number of generated packets for all users
· To be reported as part of the system level simulation results

Agreement
For UPT (user perceived throughput) related performance metrics for FTP model 3 in SLS, adopt the following option.
· Option 1: UPT is defined as the size of an FTP packet divided by the time which 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 [Refer to TR36.814].
· Unfinished FTP packets should be incorporated in the UPT calculation. The number of served bits (possibly zero) of an unfinished FTP packet by the end of the simulation is divided by the served time (simulation end time – file arrival time) [Refer to TR36.889].
· Consider zero bit for dropped FTP packets.
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
· Tail-UPT of a user: defined as the worst 5% UPT among all FTP packets intended for this user [Refer to TR36.814].
· Median-UPT of a user: defined as the 50% UPT among all FTP packets intended for this user.
· Average-UPT CDF: The CDF of the Average-UPTs for all users.
· Tail-UPT CDF: The CDF of the Tail-UPTs for all users.
· Median-UPT CDF: The CDF of the Median-UPTs for all users.
· Mean/5%/50%/95% Average-UPT: The mean/5%/50%/95% value of Average-UPTs for all users.
· Mean/5%/50%/95% Tail-UPT: The mean/5%/50%/95% value of Tail-UPTs for all users.
· Mean/5%/50%/95% Median-UPT: The mean/5%/50%/95% value of Median-UPTs for all users.
Agreement
· Adopt the following table for traffic model of FTP model 3 for scenarios in deployment case 1 for SBFD.
	
	Indoor office (FR1&FR2)
	Urban Macro (FR1)
	Dense Urban Macro layer (FR1&FR2)
	Dense Urban Micro layer (FR2)
	Dense Urban with 2-layer (FR1)

	General
	UL and DL are simulated simultaneously. Companies to report which option is used.
· Option 1: Each UE is either assigned UL traffic or DL traffic.
· assume the same number of UEs for UL and DL, FFS the total number of UEs
· FFS how to handle the UE clustering case
· Option 2: Each UE is assigned both UL traffic and DL traffic.

	FTP packet size
	Both symmetric and asymmetric packet size for UL and DL can be considered. Companies to report which option is used.
· Option 1: Symmetric packet size: 
· 1Kbyte for DL/UL, 0.1Mbytes for DL/UL, 0.5Mbytes for DL/UL, 2Mbytes for DL/UL
· Option 2: Asymmetric packet size: 
·  4Kbytes for DL and 1Kbyte for UL, 0.5Mbyte for DL and 0.125 Mbytes for UL

	UL arrival rate for legacy TDD
	· The UL arrival rate is selected to reach a target UL traffic load (RU).
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The UL arrival rate#1 of Macro cell and UL arrival rate#2 of Micro cell are selected to reach target UL traffic load (RU)#1 of Macro cell and target UL traffic load (RU)#2 of Micro cell, respectively
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

	DL arrival rate for legacy TDD
	· The DL arrival rate is selected to reach a target DL traffic load (RU).
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The DL arrival rate#1 of Macro cell and DL arrival rate#2 of Micro cell are selected to reach target DL traffic load (RU)#1 of Macro cell and target DL traffic load (RU)#2 of Micro cell, respectively
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

	Arrival rate for SBFD
	The UL and DL FTP packet arrival rate for SBFD are the same as legacy TDD.



Working assumption:
· Adopt the following table for gNB-gNB channel model and gNB-UE channel model.
	
	Dense urban, Urban macro
	Indoor office

	Large-scale channel parameters
	FR1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m), 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m)
FR2-1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m) 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m) 
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
FR2-1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)

	Fast fading parameters
	FR1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro-to-Micro: UMa O2O in TR 38.901
· Micro-to-Micro: UMi-Street canyon O2O in TR 38.901 (hUE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
FR2-1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa O2O in TR 38.901 (hUE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro-to-Micro: UMa O2O in TR 38.901 
· Micro-to-Micro: UMi-Street canyon O2O in TR 38.901 (hUE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE=3m), ASA and ZSA statistics updated to be the same as ASD and ZSD

FR2-1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m), ASA and ZSA statistics updated to be the same as ASD and ZSD



Agreement
· For evaluation of SBFD and dynamic/flexible TDD, adopt the following evaluation assumptions.
	
	FR1
	FR2-1

	System bandwidth
	100MHz
	100MHz

	Numerology
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 120kHz

	UE Tx power
	23dBm
	23 dBm. EIRP should not exceed 43 dBm
[refer to TR 38.802 Table A.2.1-1]

	Open loop power control parameters
	Companies to report power control parameters.
For calibration:
· P0= -60 dBm, alpha = 0.6 for InH [refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
· P0= -86 dBm, alpha = 0.9 for Dense Urban [refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
· P0= -80 dBm, alpha = 0.8 for Urban Macro

	BS receiver noise figure
	5dB 
[refer to TR 38.802 Table A.2.1-1]
	7dB 
[refer to TR 38.802 Table A.2.1-1]

	UE receiver noise figure
	9 dB 
[refer to TR 38.802 Table A.2.1-1]
	13 dB (baseline), 10 dB (optional) 
[refer to TR 38.802 Table A.2.1-1]

	UE receiver
	MMSE-IRC as the baseline receiver. 
Note: Advanced receiver is not precluded.
[refer to TR 38.802 Table A.2.1-1]

	Feedback assumption
	Realistic [refer to TR 38.802 Table A.2.1-1]

	Channel estimation
	Companies to report the option used.
Option 1: Ideal
Option 2: Realistic [refer to TR 38.802 Table A.2.1-1]

	UE processing capability
	UE processing capability 1 as baseline
	UE processing capability 1 as baseline

	Handover margin
	3 dB [refer to TR 38.828 Table 5.2.1.4-1]

	UE attachment
	Based on RSRP from port 0 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels. 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]

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

	DL/UL Modulation
	Up to 256QAM

	Transmission scheme
	Companies to report transmission schemes (e.g., SU-MIMO, MU-MIMO, maximum layers for SU-MIMO/MU-MIMO, etc) 
For calibration, consider SU-MIMO with single layer for both DL and UL 

	Scheduling
	PF

	Overhead
	Companies to report the overhead assumption



Agreement
Update the previous agreement as below:
For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering at least for FR1)
· M users per macro TRP
· Step 1: Randomly drop X UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and the minimum distance between two UE cluster centers as Dinter-cluster 
· Step 2: Y% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, (1-Y%) users randomly and uniformly dropped in the macro geographical area outside the clusters
· Note: UEs dropped within the UE cluster(s) are indoor with 3km/h; UEs dropped outside the UE cluster(s) are outdoor in car with 30km/h
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· FFS: Indoor UEs height 
· Y%=80%
· FFS the values of M, X, Dmacro-to-cluster, Dinter-cluster, R
· Optional: 
· 10 users per macro TRP (per direction), and all users are randomly and uniformly dropped within the macro cell
· At least for FR1: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1]
· FFS: FR2 details

Agreement
For LOS probability of gNB-gNB channel, 
· For Macro-gNB-to-Macro-gNB case
· Option 3: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
· X = 0.75
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.901.

Agreement
For Dense Urban Micro layer for FR2-1, 
· Regarding the layout, only consider the Micro TRPs of Dense Urban 2-layer network. All users communicate with micro TRPs, i.e. macro cell is only used for determining position of micro TRP. 
· Regarding UE distribution, all users are randomly and uniformly dropped around Micro TRP center with the radius of R (R = [28.9m]).

Agreement
For UE distribution of Dense Urban with 2-layer, reuse the modeling in TR38.802 as much as possible.
· For FTP traffic model 3: 2/3 users randomly and uniformly dropped around micro TRP centers with radius of R (R = [28.9m]), 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area.
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

Agreement
· For evaluation of SBFD and dynamic/flexible TDD, the following BS transmit power for legacy TDD are considered. These values are for the single operator case.
	
	FR1
	FR2-1

	Urban macro
	· Option 1: [53] dBm for 100MHz
· Option 2: [49] dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
	N.A.

	Dense Urban Macro layer
	· Option 1: [53] dBm for 100MHz
· Option 3: [44] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: [43] dBm for 200MHz [refer to TR 38.828 Table 5.2.2.4-1]

	Dense Urban Micro layer
	· Option 3: [40] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 2: [33] dBm for 200MHz. EIRP should not exceed 68 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]

	Indoor hotspot
	· Option 2: [24] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.1.1.2-1]
	· Option 1: [23] dBm for 200MHz. EIRP should not exceed 58 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]



Agreement
For evaluation of SBFD and dynamic/flexible TDD, use BS antenna radiation pattern as following:
· InH: reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (Table A.2.1-7 in TR 38.802)
· Urban Macro/ Dense Urban Macro layer / Dense Urban Micro layer: reuse Table 9 in Report ITU-R M.2412 for both FR1&FR2-1 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
· Companies can also consider evaluation with other realistic BS antenna radiation pattern

Agreement
For evaluation of SBFD and dynamic/flexible TDD, use UE antenna radiation pattern as following:
· FR1: Omni-directional with 0 dBi element gain 
· FR2: reuse Table 11 in Report ITU-R M.2412 (same as UE antenna radiation pattern model 1 in Table A.2.1-8 in TR 38.802)

Working Assumption
	Parameters
	Indoor office
	Urban macro / Dense Urban Macro layer
	Dense Urban with 2-layer

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m) 
	Single layer
Macro layer: 
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
	Two layer
Macro layer:
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer: According to previous agreement
· Baseline: 3 Micro BSs per Macro BS
· Optional: 6, or 9 Micro BSs per Macro BS

	Inter-BS (2D) distance
	20m [TR 38.802 Table A.2.1-11]
	500m for Urban Macro [TR 38.802 Table A.2.1-11]
200m for Dense Urban Macro layer [TR 38.802 Table A.2.1-1]
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 105m 
Minimum Micro-center-to-micro-center distance: 57.9m

	Minimum BS-UE (2D) distance
	0m [TR 38.802 Table A.2.1-11]
	35m [TR 38.802 Table A.2.1-11]
	Macro-to-UE: 35m 
Micro-to-UE: 10m
[TR 38.802 Table A.2.1-11]

	Minimum UE-UE (2D) distance
	FFS
	FFS :3m [TR 38.802 Table A.2.1-11]
	FFS: 3m [TR 38.802 Table A.2.1-11]

	BS antenna height
	3 m [TR 38.802 Table A.2.1-1]
	25 m [TR 38.802 Table A.2.1-1]
	25m for macro cells and 10m for micro cells [TR 38.802 Table A.2.1-1]



Conclusion
· For SLS of NR duplex evolution, Rural scenario is not considered in Rel-18.
· For NR duplex evolution evaluation, FR2-2 is not considered in Rel-18.
Agreement
For SBFD evaluation from RAN1 perspective, the evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority.

Agreement
RAN1 strives to agree on system level simulation parameters for SBFD deployment case 4 by RAN1#110bis-e with specific focus on different power levels and load levels between two operators in adjacent carriers.

Agreement
For evaluation of SBFD operation, separate-Tx/Rx antenna array can be modelled by two panel groups.
· Legacy parameters ,  and  are used for description of each panel group:
· M: Number of vertical antenna elements within a panel, on one polarization
· N: Number of horizontal antenna elements within a panel, on one polarization
· P: Number of polarizations
· : Number of panels in a column within a panel group.
· : Number of panels in a row within a panel group.
· : Antenna panel spacing in horizontal direction within a panel group.
· : Antenna panel spacing in vertical direction within a panel group.
· Companies are to report the separation of the two panel groups. Introduce new parameters  as illustrated in the following figure.
· : Panel group spacing in the horizontal direction. Typically,  = 0.
· : Panel group spacing in the vertical direction.
[image: ]
Agreement
For evaluation and comparison between SBFD and legacy TDD, the two options for the SBFD antenna configuration agreed in RAN1#109 are further clarified as below:
· SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-2 (same as Opt 2 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-3 (new): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD.
These options are further clarified with examples in the following:
· For legacy TDD with shared-Tx/Rx antenna array, assume the antenna configuration is . The total number of TxRUs is  , and the total number of antenna elements is .
[image: Shape

Description automatically generated with low confidence]
· For SBFD antenna configuration option-1, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (same as legacy TDD), and the total number of antenna elements is (same as legacy TDD). One method on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols is illustrated as below. Other methods are not precluded and can be reported by companies. 
· Method 1: 
· In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Tx chains in TxRU group#2.
· In UL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Rx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#2.
· In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#2.
[image: Graphical user interface

Description automatically generated]
· For SBFD antenna configuration option-2, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (same as legacy TDD), and the total number of antenna elements is (two times of that for legacy TDD). Two methods on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols are illustrated as below. Other methods are not precluded and can be reported by companies. 
· Method 2-1: 
· In DL slots, L antenna elements on panel group#1 are connected to K Tx chains.
· In UL slots, L antenna elements on panel group#2 are connected to K Rx chains.
· In SBFD slots, L antenna elements on panel group#1 are connected to K Tx chains, and L antenna elements on panel group#2 are connected to K Rx chains.
[image: Diagram

Description automatically generated]
· Method 2-2: 
· In DL slots, L antenna elements on panel group#1 are connected to K Tx chains.
· In UL slots, L antenna elements on panel group#1 are connected to K Rx chains.
· In SBFD slots, L antenna elements on panel group#1 are connected to K Tx chains, and L antenna elements on panel group#2 are connected to K Rx chains.
[image: Diagram

Description automatically generated]
· For SBFD antenna configuration option-3, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (half of that for legacy TDD), and the total number of antenna elements is (same as legacy TDD). The method on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols are illustrated as below. Other methods are not precluded and can be reported by companies. 
· Method 3-1: 
· In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains.
· In UL slots, L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains.
· In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains.
[image: Graphical user interface, diagram

Description automatically generated]
· Method 3-2: 
· In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1.
· In UL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Rx chains in TxRU group#1.
· In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#1.
[image: Diagram

Description automatically generated]

Working Assumption
For UE-UE channel model, reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 as baseline, and other models are not precluded.
UE-UE channel model
	
	Dense urban, Urban macro
	Indoor hotspot

	Large-scale channel parameters
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 in TR38.802
FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802
	FR1:
· Option1 : UE-to-UE: A.2.1.2 in TR36.843 (*)
· Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)

	Fast fading parameters
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843 (ITU InH) for indoor to indoor, and 3D UMi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. 
· Optioin 2: UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

	(*):	For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5* din” is excluded in pathloss formula given in A.2.1.2 of TR36.843, and the penetration loss is derived according to Table A.2.1-13 in TR38.802.



Agreement
For evaluation of adjacent-channel coexistence between two networks for Urban Macro and Dense Urban Macro layer scenarios in RAN1, consider grid shifts between two networks of 0% and 100%.
· the topologies shown below can be used for the 0% and 100% grid shift for RAN1 evaluation.


Agreement
For evaluation of SBFD operation, it is up to companies to report the BS antenna configurations used in their simulations. The BS antenna configurations in the following table can be considered for calibration purpose.
	Scenarios
	FR
	Legacy TDD
	SBFD

	BS antenna configuration for Indoor office
	FR1
	= (4,4,2,1,1; 4,4) 
= (0.5, 0.5)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (2,4,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ


	
	FR2-1
	=(16,8,2,1,1; 1,1)
= (0.5, 0.5)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ

	BS antenna configuration for Urban Macro/ Dense Urban Macro layer/ Dense Urban Micro layer
	FR1
	=
(8,8,2,1,1;2,8) 
polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,1,1).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	
	FR2-1
	=
(4,16,2,2,2; 1,1)
= (0.5, 0.5)λ, +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,2,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ
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