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[bookmark: _Ref4817]Introduction
In RAN#95 meeting, a revised SID on NR duplex evolution has been endorsed with the following objectives [1].
	[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



In this contribution, we provide our analysis for deployment scenario, interference model, evaluation methodology, and simulation assumptions.
General considerations
Overview
According to the justification of SID, allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. Subband non-overlapping full duplex at the gNB side within a conventional TDD band is a potential enhancement on this limitation of the conventional TDD operation. 
Since Rel-18 is the first NR release to study full-duplex, it is essential to perform thorough analysis and study for sub-band non-overlapping duplex in this release. Because this is going to lay the foundation for in-band overlapping full duplex for both gNB and UE for both 5G and 6G in the future.
Dynamic/flexible TDD is another focus of this SI. The interference model and potential interference management/cancellation solutions for subband full duplex can likely be reused for dynamic/flexible TDD. Considering dynamic/flexible TDD is an urgent market need, it should be treated with the same priority as subband full duplex.
Overall, the have the following proposal.
Proposal 1: For Rel-18 duplex evolution SI,
· Perform thorough analysis and study for sub-band non-overlapping duplex in Rel-18 to lay the foundation for future duplex study for both 5G and 6G.
· Perform thorough analysis and study for dynamic/flexible TDD with the same priority as sub-band non-overlapping duplex.
Challenges
The main limitation of conventional TDD system is the UL, i.e., UL throughput, UL coverage and DL&UL latency. However, for legacy TDD system, UL throughput, UL coverage and DL&UL latency can already be ensured separately by different techniques. For example, UL throughput can be improved by UL MIMO and allocating more UL symbols in each TDD periodicity. Rel-16/17 has specified several solutions in URLLC to reduce UL latency, e.g., mini-slot PUCCH. Furthermore, considering that Rel-17 coverage WI has finalized some enhancements for PUCCH, PUSCH and Msg3, the coverage for UL has been improved a lot. 
The main challenges for the conventional TDD system are ensuring more than one of UL throughput, UL coverage and DL&UL latency simultaneously. 
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously, e.g., video surveillance. 
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously, e.g., machine vision.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously, e.g., condition monitoring sensors for safety. 
If we further consider DL together with UL, we can assume that DL coverage is not an issue for conventional TDD system. Then the main challenges for conventional TDD are ensuring DL throughput + one of UL throughput, UL coverage and DL&UL Latency together.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously, e.g., online gaming. 
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously, e.g., XR.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously, e.g., high-definition live video stream. 


Figure 2-1: Challenges of the conventional TDD operation.
Rel-18 duplex evolution should consider these above 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
Proposal 2: Rel-18 duplex evolution considers the following 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.
Scenarios
Scenarios for SBFD
During RAN1#109-e meeting, the following deployment cases have been defined for SBFD. 
	Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.



The scenarios for Deployment Case 1 and Deployment Case 4 have been agreed in RAN1#109-e meeting. The scenarios for Deployment Case 2 and Case 3 are still undefined.
	Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· [bookmark: _Hlk103319711]FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results.

Agreement
For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
· FR1: Urban Macro
· FR2-1: Dense Urban Macro layer
· FFS: UE outdoor/indoor proportion, clustering, etc
· FFS: the grid shift between two networks, e.g., 0%, 100%
· FFS: Indoor hotspot, Dense Urban Micro layer




For SBFD Deployment Case 2, different cells belonging to the same operator use different SBFD configurations. This scenario mainly happens in Hetnet, e.g., dense urban. For example, Macro and Micro cells use different SBFD configuration. This scenario may also happen in urban scenario where different areas are dominated by different traffics. Thus base stations in different areas may need to use different SBFD configurations. Thus, the following scenarios are proposed for Deployment Case 2. 
Proposal 3: For SBFD Deployment Case 2, at least consider the following scenarios for evaluation:
· For FR1,
· Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro and micro use different SBFD configurations
· (Optional) Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· (Optional) Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· (Optional) Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)

For SBFD Deployment Case 3, some of the cells use legacy TDD configuration while some other cells use SBFD configuration. This is also likely to happen in Hetnet, e.g., dense urban. For example, Macro cells use legacy TDD and Micro cells use SBFD configuration. This scenario may also happen in urban scenario where different areas are dominated by different traffics. Thus base stations in different areas may choose to use SBFD configuration or legacy TDD configuration based on its dominant traffic. Thus, the following scenarios are proposed for Deployment Case 3.
Proposal 4: For SBFD Deployment Case 3, at least consider the following scenarios for evaluation:
· For FR1,
· Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro and micro use different SBFD configurations
· (Optional) Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· (Optional) Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· (Optional) Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)

Dynamic TDD
In RAN1#109-e meeting, the scenarios for dynamic TDD were discussed but without any agreements. The main controversial issue is whether to consider adjacent-channel coexistence case between dynamic TDD and legacy TDD. From our perspective, adjacent-channel interference is one of the challenges for deployment of dynamic TDD, it is worth studying this scenario in Rel-18. Thus, the following scenarios are proposed for dynamic TDD from our perspective.
Proposal 5: For evaluation of dynamic/flexible TDD, consider the following scenarios for evaluation:
· FR1
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment
· Adjacent-channel coexistence case between dynamic TDD and legacy TDD
· FFS: detailed scenario for adjacent-channel coexistence case
· Urban Macro with dynamic TDD UL/DL assignment
· Dense Urban with two layers deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Micro gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Micro gNBs use dynamic TDD UL/DL assignment
· FR2-1
· Indoor office with dynamic TDD UL/DL assignment
· Dense Urban Macro layer with dynamic TDD UL/DL assignment

Simulation methodologies and assumptions
First of all, system level simulation is needed to evaluate the potential gain of subband full duplex, e.g., the gain of UL throughput, UL coverage and latency. In addition to system level simulation, we are also open to other simulation methods if deemed necessary.
For system evaluation, the DL and UL need to be simulated simultaneously in the same system in order to evaluate the DL/UL interference and comprehensively understand the potential gain and impact to both DL and UL.
Calibration
RAN1 has sent an LS to RAN4 to seek information for the interference models for gNB self-interference, co-channel inter-subband interference and adjacent channel interference. It will take RAN4 multiple meetings to discuss these interference models. If RAN4 doesn’t progress smoothly, RAN1 will have to wait for RAN4’s input to carry out RAN1’s simulation. To avoid this high dependency on RAN4’s input, RAN1 can start discussing simulation parameters and calibrate geometry by defining some simplified interference model from RAN1 perspective just for calibration. Without calibration, it is difficult to draw any conclusion for SBFD or dynamic TDD in the end if different companies get different results. Thus, to avoid such situation, it is suggested to perform SLS simulation calibration first.
Regarding the simplified interference model from RAN1 perspective for calibration, the ACLR/ACS/ACIR model can be reused by assuming the adjacent channel interference or inter-subband interference is flat over frequency domain. The existing ACLR requirements (e.g., the following table) can be reused for calibration.
	Parameter
	Assumption/Value

	ACIR BS-BS
	43 dB

	ACIR BS-UE
	33 dB

	ACIR UE-BS
	30 dB

	ACIR UE-UE
	28 dB



Once RAN1 receives RAN4 input, RAN1 can further decide whether to calibrate the geometry based on RAN4’s input again. After geometry calibration, the RAN4’s input will of course be considered in the performance evaluation. In this sense, RAN1 can avoid getting stuck due to waiting for RAN4’s input.
Proposal 6: RAN1 firstly calibrates geometry based on some simplified interference model defined by RAN1 and secondly calibrates geometry based on RAN4’s input once it is available.
· The ACLR model can be reused as the simplified interference model for calibration by assuming the adjacent channel interference and inter-subband interference is flat over frequency domain
Interference model
RAN1 has sent an LS to RAN4 to ask for information on interference model for self-interference, adjacent channel interference and inter-subband interference. The co-channel intra-subband interference model is still up to RAN1. From our perspective, the following interference model can be used for co-channel intra-subband interference.
gNB-gNB co-channel intra-subband interference per RB of this intra-subband per aggressor gNB

 
	Notation
	Explanation

	n
	The UL RB index of the victim gNB.

	

	The total number of DL RBs of the active BWP of the aggressor gNB.

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim gNB.

	

	The large scale coupling loss between the aggressor gNB and victim gNB, e.g., pathloss

	

	The small scale coupling loss for one RB n between the aggressor gNB and victim gNB derived from the channel H.
Note: Only the RB n of the aggressor gNB is considered for the RB n (with the same frequency) of the victim gNB in this case.



UE-UE co-channel intra-subband interference per RB of this intra-subband per aggressor UE


	Notation
	Explanation

	n
	The DL RB index of the victim UE.

	

	The total number of scheduled UL RBs of the aggressor UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim UE.

	

	The Tx beam forming gain of the aggressor UE.

	

	The Rx beam forming gain of the victim UE.

	

	The large scale coupling loss between the aggressor UE and victim UE, e.g., pathloss



The other interference models described in Appendix 8.2 can be used as the starting point for RAN1 calibration before receiving RAN4’s detailed interference models.
Proposal 7: Use the following interference model for subband full duplex simulation as the starting point.
· gNB-gNB co-channel intra-subband interference per RB of this intra-subband per aggressor gNB


· UE-UE co-channel intra-subband interference per RB of this intra-subband per aggressor UE


· Other interference models described in Appendix 8.2 can be used as the starting point for SLS calibration.

Simulation assumptions for SBFD
gNB topology
In RAN1#109-e meeting, the dense urban with 2-layer has been agreed as one candidate scenario for SBFD. Based on the layout of urban macro, the dropping schemes can be summarized as follows:
· Step1: Randomly drop cluster centers within the area of Macro TRP. Generate a circle with radius (Rc) around the cluster centers. Meanwhile, consider the minimum distance between small cell centers (Dscc).
· Step 2: Randomly deploy small cell antennas on area circle with the radius of half of Dscc.
· Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center. 
[image: ]
Figure 4-1: Topology of dense urban.
For Case 4 with two different operators, grid-shift can be considered for simulation. From our perspective, both 0% and 100% grid shift can be considered. However, it seems that companies have different understandings on the topology of grid-shift. It is essential for companies to reach consensus on the definition first.
Proposal 8: RAN1 considers 0% and 100% grid shift for Case 4 with different operators for SBFD simulation.
· FFS the topology for different percentage of grid shift.
UE distribution
The UE to UE interference highly depends on the distance between UEs. If the number of UEs dropped in each cell is not large, it is likely that no or small UE-UE interference can be observed. However, this is not aligned with the practical situation. For example, in the shopping mall, sports centre or factory, the density of UE is pretty high. It is likely to observe high UE-UE interference in these scenarios if SBFD is deployed. Thus, to properly simulate UE-UE interference, UE cluster can be considered. 
In order to demonstrate the distance between dropped UEs, we performed simulation of UE dropping and counts the distance between UEs and RSRP of UE-UE channel. The simulation results are as following. This simulation is based on Urban Macro scenario in FR1, and 30 UEs per cell is used for this simulation. Based on the simulation results, we can see most of the UE-UE distance is larger than 100m. With this long distance between UEs, the UE-UE CLI can even be ignored. 
Thus, in order to simulate the practical scenario where UEs may be gathered together, we propose to introduce UE cluster. If UE cluster is introduced in the simulation, then at least the following aspects need to be clarified.
1) What’s the area of this UE cluster;
2) How many UE clusters are there in each cell;
3) How many UEs are dropped within each cluster;
Proposal 9: RAN1 considers UE cluster model in the SBFD simulation. FFS details, e.g., 
· What’s the area of this UE cluster;
· How many UE clusters are there in each cell;
· How many UEs are dropped within each cluster;

[image: C:\Users\10240317\Downloads\C1_202208110833010252150130104103fd.png]
Figure 4-2: RSRP vs. Distance between UE to UE 
Another issue related to the UE dropping for dense urban is how many UEs are dropped in the Macro area and how many UEs are dropped in the Micro areas. According to 38.802, around 1/3 UEs are dropped in the Macro areas and the other 2/3 UEs are dropped in the Micro areas.
Performance metrics
In RAN1#109-e meeting, the following agreements were made on performance metrics.
	Agreement
At least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation.
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· DL/UL received SINR using SLS
· Coverage metric
· FFS: MPL to achieve a certain bit rate in UL and DL
· FFS: definitions of the above metrics
· FFS: other metrics



Regarding the DL/UL UPT, the following definition from TR36.814 can be considered as the start point. 
	The following performance metrics are considered for non-full buffer traffic models.
-	Mean, 5, 50, 95 % user throughput
-	User throughput = amount of data (file size) / time needed to download data
-	time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver



However, for FTP3, each UE will generate multiple packets. The following different calculation methods need to be clarified among companies.
Alt.1: {among of data (file size) for all the packets generated by one UE} divided by {time needed to download data starts when the first packet is received in the transmit buffer, and ends when the last bit of the last packet is correctly delivered to the receiver}
Alt.2: Calculate the user throughput for each packet, i.e., {among of data (file size) for each packet for one UE} divided by {time needed to download data starts when the each corresponding packet is received in the transmit buffer, and ends when the last bit of the corresponding packet is correctly delivered to the receiver}
Alt.2-1: Calculate the average user throughput for each UE and get one CDF for the average user throughput;
Alt.2-2: Generate the CDF for each packet of each UE.
Another issue that is not clear is how to handle the packets not correctly received. Based on the current definition, it only considers the packets that are correctly delivered to the receiver. However, if the number of packets that are not correctly received by the receiver due to the interference, they should also be considered in the performance metric. Companies may need to have aligned understanding on this aspect. Otherwise, it is difficult to draw conclusions.
Proposal 10: Regarding the DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS for SBFD and dynamic/flexible TDD evaluation, clarify the following issues.
· Alt.1: {amount of data (file size) for all the packets generated by one UE} divided by {time needed to download data starts when the first packet is received in the transmit buffer, and ends when the last bit of the last packet is correctly delivered to the receiver}
· Alt.2: Calculate the user throughput for each packet, i.e., {amount of data (file size) for each packet for one UE} divided by {time needed to download data starts when the each corresponding packet is received in the transmit buffer, and ends when the last bit of the corresponding packet is correctly delivered to the receiver}
· Alt.2-1: Calculate the average user throughput for each UE and get one CDF for the average user throughput;
· Alt.2-2: Generate the CDF for each packet of each UE.
FFS how to count/consider the packets that are not correctly delivered to the receiver (e.g., due to interference).

Meanwhile, the DL and UL latency can use the same definition from the above table, i.e., it is from the time when packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver. When we draw the CDF for the latency, since each UE generates multiple packets, the following alternatives should be clarified.
Alt.1: 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;
Alt.2: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
Proposal 11: Clarify the performance metric for SBFD and dynamic/flexible TDD evaluation as following:
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS: time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
· Alt.1: 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;
· Alt.2: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
Regarding the resource utilization, it can be defined as {number of RB per cell used by traffic during observation time / total number of RB per cell available for traffic over observation time}. The issue is how to calculate the total number of RB per cell available for traffic over observation time. From our perspective, for DL RU, the total number of RB per cell available for traffic over observation time only counts the DL RBs without considering the guard band and UL RBs. Similarly, for UL RU, the total number of RB per cell available for traffic over observation time only counts the UL RBs.
	-	Resource utilization (RU)
-	Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time
-	In case of MU-MIMO, one RB allocated to N users within a cell is counted as used N times 



Regarding the DL/UL received SINR, it is not suitable for geometry calibration since the received SINR is highly depending on the scheduling mechanism and other detailed simulation assumptions. Thus, it is suggested to use “DL/UL SINR” instead of “DL/UL received SINR” for calibration.  
Proposal 12: Clarify the performance metric for SBFD and dynamic/flexible TDD evaluation as following:
· Resource utilization using SLS
· Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time
· Note: For DL RU, the total number of RB per cell available for traffic over observation time only counts the DL RBs without considering the guard band and UL RBs. Similarly, for UL RU, the total number of RB per cell available for traffic over observation time only counts the UL RBs.
· DL/UL received SINR using SLS
Regarding the coverage metric, similar approach used in the Rel-17 coverage enhancement SI can be reused here. The following methods can be considered.
Method#1:
Step1: Perform SLS for legacy TDD system and get the 5% SINR (SINR#1);
Step2: Perform LLS for legacy TDD system to get the target SINR (SINR#2), with which UE can achieve a certain bit rate in UL and DL;
Step3: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the 5% SINR (SINR#3);
Step4: Perform LLS for SBFD system to get the target SINR (SINR#4), with which UE can achieve a certain bit rate in UL and DL;
Step5: Compare the gap (SINR#1 – SINR#2) with gap (SINR#3 – SINR#4) to determine if SBFD system can improve the coverage.
Method#2:
Step1: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the interference levels (e.g., interference levels for the 5%-tile SINR UE or 5%-tile of the interference levels);
Step2: Perform LLS for SBFD system to get the target SINR, with which UE can achieve a certain bit rate in UL and DL;
Step3: Generate a link budget for MPL and input the interference levels in Step1 and target SINR in Step2 in the link budget;
Step4: Compare the MPL with legacy TDD system.

Proposal 13: Consider the following methods for coverage evaluation for SBFD.
Method#1:
Step1: Perform SLS for legacy TDD system and get the 5% SINR (SINR#1);
Step2: Perform LLS for legacy TDD system to get the target SINR (SINR#2), with which UE can achieve a certain bit rate in UL and DL;
Step3: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the 5% SINR (SINR#3);
Step4: Perform LLS for SBFD system to get the target SINR (SINR#4), with which UE can achieve a certain bit rate in UL and DL;
Step5: Compare the gap (SINR#1 – SINR#2) with gap (SINR#3 – SINR#4) to determine if SBFD system can improve the coverage.
Method#2:
Step1: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the interference levels for the 5%-tile UE;
Step2: Perform LLS for SBFD system to get the target SINR, with which UE can achieve a certain bit rate in UL and DL;
Step3: Generate a link budget for MPL and input the interference levels in Step1 and target SINR in Step2 in the link budget;
Step4: Compare the MPL with legacy TDD system.

Traffic model
In RAN1#109-e meeting, the following agreements were achieved for traffic model.
	Agreement
Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered. Performance evaluation comparison between different duplex modes (e.g., legacy static TDD vs. SBFD) should be performed based on the same amount of input traffic.
· FFS: other traffic models, e.g., XR, VoIP
· FFS: Packet size, traffic load, ratio of DL/UL traffic
· FFS: additionally consider different amount of input traffic at least for adjacent-channel coexistence studies



Regarding the packet size, traffic load and ratio of DL/UL traffic, the following can be considered as the starting point. 
Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} [TR36.828]
-	per UE λd/ λu is determined based on the RU, e.g., 5/2.5 2.5/1.25 2.5/0.8

Proposal 14: Consider the following traffic model for SBFD simulation.
Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} [TR36.828]
-	per UE λd/ λu is determined based on the RU, e.g., 5/2.5 2.5/1.25 2.5/0.8
Antenna configurations
In RAN1#109-e meeting, the following agreements were made on antenna configurations for SBFD.
	Agreement
For evaluation of SBFD operation, BS uses separate panels for simultaneous downlink transmission and uplink reception, we can call it separate-Tx/Rx antenna array for description of evaluation assumption.
· Companies can report the separation of the Tx panel and Rx panel assumed in their simulation.
· Companies can report how the antenna elements are used for transmission or reception in a slot if BS does not perform simultaneous downlink transmission and uplink reception.


Agreement
For evaluation and comparison between SBFD and legacy TDD, assume 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. Regarding antenna elements, both of the two options can be used.
· Opt 1: 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.
· Opt 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
· Companies report which option is assumed in their simulation.



Some further discussion were carried out in the email discussion and it was summarized as following. Two options are defined for companies to report, where Opt 1 uses the same number of antenna elements of the antenna array for legacy TDD and Opt 2 uses two times of the number of antenna elements of the antenna array for legacy TDD. 
	
	
Legacy TDD (shared-Tx/Rx antenna array, single panel for simplicity)
	SBFD (separate-Tx/Rx antenna array, two panels for simplicity: panel#1 for Tx and panel#2 for Rx when gNB perform simultaneous Tx and Rx)

	 
Opt 1
	 
 
(N=192 elements, M=64 Tx chains, M=64 Rx chains) Single panel with N (e.g. 192 antenna elements) and mapped to M TxRUs (e.g. 64 TxRUs, including 64 Tx chains and 64 Rx chains), every subarray with 3 antenna elements connects to 1 TxRU (i.e. connected to 1 Tx chain and 1 Rx chain.)
	 
Alt 1-1 (N=192 elements, M=64 Tx chains, M=64 Rx chains): Each panel has N/2 antenna elements (e.g. 96 antenna elements), and every subarray with 3 antenna elements connects to 1 TxRU (i.e. connected to 1 Tx chain and 1 Rx chain, please note that every subarray of panel#1 also connects to 1 Rx chain, and every subarray of panel#2 also connects to 1 Tx chain. This allows gNB to use all the N antenna elements and M TxRUs for transmission/reception in at least DL-only/UL-only slot)  

Alt 1-2 (N=192 elements, M/2=32 Tx chains, M/2=32 Rx chains.): Each panel has N/2 antenna elements (e.g. 96 antenna elements), and every subarray with 3 antenna elements of panel#1 only connects to 1 Tx chain but not connects to Rx chain, and every subarray with 3 antenna elements of panel#2 only connects to 1 Rx chain but not connects to Tx chain. In this case, actually, only M/2=32 TxRUs (i.e., M/2=32 Tx chains and M/2=32 Rx chains) are needed.

	 
Opt 2
	
	 
(2*N=384 elements, M=64 Tx chains, M=64 Rx chains): Each panel has N antenna elements (e.g. 192 antenna elements), and every subarray with 3 antenna elements of panel#1 only connects to 1 Tx chain but not connects to Rx chain, and every subarray with 3 antenna elements of panel#2 only connects to 1 Rx chain but not connects to Tx chain.



For Opt 1, there are still two sub-alternatives as described in the above table, i.e., Alt.1-1 and Alt.1-2.
· For Alt.1-1, during the legacy DL slot or UL slot, all the N antenna elements can be used for transmission or reception, respectively. During the SBFD slot, N/2 antenna elements are used for transmission and reception, respectively.
· For Alt.1-2, during the legacy DL slot or UL slot, only N/2 antenna elements can be used for transmission or reception, respectively. During the SBFD slot, N/2 antenna elements are used for transmission and reception, respectively.
Both Alt.1-1 and Alt.1-2 are workable and they are highly dependent on the network implementation. Meanwhile, the detailed normative work for Alt.1-1 and Alt.1-2 is different. For example, RAN1 has to discuss on how to combine the two separate panels for transmission/reception for Alt.1-1, the legacy M-TRP mechanism may be reused. Both Alt.1-1 and Alt.1-2 should be allowed for companies to report. 
Proposal 15: Update the previous agreements as following.
	Agreement
For evaluation and comparison between SBFD and legacy TDD, assume 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. Regarding antenna elements, both of the two options can be used.
· Opt 1: The total number of antenna elements of the antenna array for SBFD (N) is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Alt.1-1: during the legacy DL slot or UL slot, all the N antenna elements can be used for transmission or reception, respectively. During the SBFD slot, N/2 antenna elements are used for transmission and reception, respectively.
· Alt.1-2: during the legacy DL slot or UL slot, only N/2 antenna elements can be used for transmission or reception, respectively. During the SBFD slot, N/2 antenna elements are used for transmission and reception, respectively.
· Opt 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
Companies report which option is assumed in their simulation.



Channel model
In RAN1#109-e meeting, the following agreements on channel model were achieved. 
	Agreement
For gNB-gNB co-channel/adjacent-channel channel model and UE-UE co-channel/adjacent-channel channel model in RAN1 SLS,
· Large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies report whether small scale fading (e.g., fast fading including antenna gain) is also modelled in their simulation.
· Note: Antenna gain is calculated based on the gNB-gNB or UE-UE LOS direction instead on the multi-path directions if fast fading is not modeled.
· FFS: how to model realistic LOS probability for gNB-gNB and UE-UE channel model.
· FFS: How to set aligned channel model amongst companies for SLS calibration (if needed).

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




Since the base station is usually deployed at a higher position, gNB-gNB channel model has a higher LOS probability. From our perspective, we can assume 80% LOS probability as the starting point.
Regarding the angular spread, the simulation assumption in TR38.802 can be reused. For gNB-gNB channel model, ASA and ZSA statistics are updated to be the same as ASD and ZSD, ZOD offset = 0. For UE-UE channel model, ASD and ZSD statistics are updated to be the same as ASA and ZSA.
Proposal 16: 
Regarding the gNB-gNB channel model,
· LOS probability for gNB-gNB channel are updated as 80%.
· ASA and ZSA statistics are updated to be the same as ASD and ZSD, ZoD offset = 0. 
Regarding the UE-UE channel model,
· ASD and ZSD statistics are updated to be the same as ASA and ZSA.
Subband configuration
In RAN1#109-e meeting, the following agreements on subband configuration were achieved. 
	Agreement
For SBFD evaluation, consider the following for SBFD subband configurations:
· SBFD Subband configuration#1 with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
· SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
· Use the following parameters for description of SBFD subband configuration in evaluation assumptions:
· ND: the number of RBs in one DL subband
· NU: the number of RBs in one UL subband
· NG: the number of RBs in one guard band between one UL subband and one DL subband

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




From our perspective, at least one of Alt.3 and Alt.4 should be simulated for fair comparison between SBFD and legacy TDD. From our perspective, we use Alt.4 with the following configurations.
· 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%] 25 of the channel bandwidth. SBFD Subband configuration#1 with {DUD}={96:69:96} pattern is applied and guard band is 6 RB in each side.

In addition, we also consider Alt.2 with the following configurations.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] 19.4 of the channel bandwidth. SBFD Subband configuration#1 with {DUD}={104:53:104} pattern is applied and guard band is 6 RB in each side.

Proposal 17: Consider the following configurations for SBFD simulation.
· 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%] 25 of the channel bandwidth. SBFD Subband configuration#1 with {DUD}={96:69:96} pattern is applied and guard band is 6 RB in each side.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] 19.4 of the channel bandwidth. SBFD Subband configuration#1 with {DUD}={104:53:104} pattern is applied and guard band is 6 RB in each side.
Simulation assumptions for dynamic TDD
For Dynamic TDD, most of the simulation assumptions are the same as that for SBFD. To avoid duplication, only the simulation assumptions specific to dynamic TDD are summarized in this section.
Regarding the slot formation configuration, the following can be used as the starting point.
Legacy TDD configurations: DDDSU, S=[10:2:2];   
Dynamic TDD configurations：Macro cell: DDDSU, S=[10:2:2]; small cell: DSUUU, S=[10:2:2]
Regarding the traffic model, different traffic models can be used for cells with different slot format to adjust to the slot format. The following can be used as the starting point from our perspective.
	TDD Case
	Traffic model

	Legacy TDD
DDDSU, S=[10:2:2]
	Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {4:1}
-	λd/ λu = 0.25/0.0625 or 0.5/0.125

	Dynamic TDD
DDDSU (Marco)+
DSUUU(small cell)
S=[10:2:2]
	Macro: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {4:1}
-	λd/ λu = 0.25/0.0625 or 0.5/0.125
Small cell: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {1:4}
-	λd/ λu = 0.0625/0.25 or 0.125/0.5



Proposal 18: Consider the following slot format traffic model for dynamic TDD simulation.
	TDD Case
	Traffic model

	Legacy TDD
DDDSU, S=[10:2:2]
	Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {4:1}
-	λd/ λu = 0.25/0.0625 or 0.5/0.125

	Dynamic TDD
DDDSU (Marco)+
DSUUU(small cell)
S=[10:2:2]
	Macro: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {4:1}
-	λd/ λu = 0.25/0.0625 or 0.5/0.125
Small cell: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {1:4}
-	λd/ λu = 0.0625/0.25 or 0.125/0.5


Preliminary simulation results
Simulation assumptions
We perform SLS and get some preliminary simulation results for Indoor Hotspot and Dense urban. The detailed simulation assumptions can be found in the appendix in section 8.1. 
Some of the key simulation assumptions are also highlighted as following.
1. Separate antenna panels are used for SBFD. The number of total antenna elements for SBFD are two times of that for legacy TDD (baseline).
2. Subband configuration: Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 19.4 of the channel bandwidth. SBFD Subband configuration#1 with {DUD}={104:53:104} pattern is applied and guard band is 6 RB in each side.
3. The average DL/UL throughput per UE and DL/UL latency per packet are used as the performance metrics.
4. Different arrival rate for FTP3 for DL/UL per UE is used to adjust the RU for DL and UL.
Simulation results
Indoor Hotspot
Based on the simulation results, we draw the following observation. Obviously, UL throughput gain attributes to the increased UL resources. Meanwhile, to some extent, the UL throughput gain is also due to the reduced latency. 
Observation 1: For Indoor Hotspot scenarios, compared with legacy TDD, 
· DL throughput degradation for SBFD is observed in case higher RU and lower RU. 
· UL throughput gain for SBFD is observed in case of higher RU and lower RU. The gain for the case of higher RU is larger than that for lower RU.
· DL latency is increased and UL latency is reduced. 
	Table 5-1: Indoor Hotspot λd/ λu : 10/1.25

	DL throughput
	DL latency

	[image: ]
DL performance based on 83.13% RU for Legacy TDD and 92.22% RU for SBFD
	


	UL throughput
	UL latency

	[image: ]
UL performance based on 51.46% RU for Legacy TDD and 14.10% RU for SBFD
	




	Table 5-2: Indoor Hotspot λd/ λu : 2.5/1.25

	DL throughput
	DL latency

	[image: ]
DL performance based on 4.30% RU for Legacy TDD and 6.52% RU for SBFD
	


	UL throughput
	UL latency

	[image: ]
UL performance based on 48.73% RU for Legacy TDD and 10.10% RU for SBFD
	




	Table 5-3: Indoor Hotspot λd/ λu : 10/0.8

	DL throughput
	DL latency

	[image: ]

	


	UL throughput
	UL latency

	[image: ]
UL performance based on 10.46% RU for Legacy TDD and 6.21% RU for SBFD
	


	Table 5-4: Indoor Hotspot λd/ λu : 2.5/0.8

	DL throughput
	DL latency

	[image: ]
DL performance based on 4.30% RU for Legacy TDD and 6.52% RU for SBFD
	


	UL throughput
	UL latency

	[image: ]
UL performance based on 9.99% RU for Legacy TDD and 4.85% RU for SBFD
	




Dense urban
Based on the simulation results, we draw the following observation. Obviously, UL throughput gain attributes to the increased UL resources. Meanwhile, to some extent, the UL throughput gain is also due to the reduced latency. 
Observation 2: For Dense urban scenarios, compared with legacy TDD, 
· DL throughput degradation for SBFD is observed in case higher RU and lower RU. 
· UL throughput gain for SBFD is observed in case of higher RU and lower RU.
· DL latency is increased and UL latency is reduced. 

	Table 5-5: Dense urban λd/ λu : 5/2.5

	DL throughput
	DL latency

	[image: ]
DL performance based on 3.16% RU for Legacy TDD and 3.82% RU for SBFD
	


	UL throughput
	UL latency

	[image: ]
UL performance based on 35.44% RU for Legacy TDD and 15.74% RU for SBFD
	




	Table 5-6: Dense urban λd/ λu : 2.5/1.25

	DL throughput
	DL latency

	[image: ]
DL performance based on 1.50% RU for Legacy TDD and 2.0% RU for SBFD
	


	UL throughput
	UL latency

	[image: ]
UL performance based on 30.44% RU for Legacy TDD and 13.31% RU for SBFD
	




Conclusion
General considerations
Proposal 1: For Rel-18 duplex evolution SI,
· Perform thorough analysis and study for sub-band non-overlapping duplex in Rel-18 to lay the foundation for future duplex study for both 5G and 6G.
· Perform thorough analysis and study for dynamic/flexible TDD with the same priority as sub-band non-overlapping duplex.
Proposal 2: Rel-18 duplex evolution considers the following 6 challenges of legacy TDD system and evaluate the potential gain of subband full duplex.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.

Scenarios
Proposal 3: For SBFD Deployment Case 2, at least consider the following scenarios for evaluation:
· For FR1,
· Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro and micro use different SBFD configurations
· (Optional) Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· (Optional) Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· (Optional) Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
Proposal 4: For SBFD Deployment Case 3, at least consider the following scenarios for evaluation:
· For FR1,
· Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro and micro use different SBFD configurations
· (Optional) Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· (Optional) Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· (Optional) Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)

Proposal 5: For evaluation of dynamic/flexible TDD, consider the following scenarios for evaluation:
· FR1
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment
· Adjacent-channel coexistence case between dynamic TDD and legacy TDD
· FFS: detailed scenario for adjacent-channel coexistence case
· Urban Macro with dynamic TDD UL/DL assignment
· Dense Urban with two layers deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Micro gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Micro gNBs use dynamic TDD UL/DL assignment
· FR2-1
· Indoor office with dynamic TDD UL/DL assignment
· Dense Urban Macro layer with dynamic TDD UL/DL assignment

Simulation methodologies and assumptions
Proposal 6: RAN1 firstly calibrates geometry based on some simplified interference model defined by RAN1 and secondly calibrates geometry based on RAN4’s input once it is available.
· The ACLR model can be reused as the simplified interference model for calibration by assuming the adjacent channel interference and inter-subband interference is flat over frequency domain
Proposal 7: Use the following interference model for subband full duplex simulation as the starting point.
· gNB-gNB co-channel intra-subband interference per RB of this intra-subband per aggressor gNB


· UE-UE co-channel intra-subband interference per RB of this intra-subband per aggressor UE


· Other interference models described in Appendix 8.2 can be used as the starting point for SLS calibration.

Proposal 8: RAN1 considers 0% and 100% grid shift for Case 4 with different operators for SBFD simulation.
· FFS the topology for different percentage of grid shift.
Proposal 9: RAN1 considers UE cluster model in the SBFD simulation. FFS details, e.g., 
· What’s the area of this UE cluster;
· How many UE clusters are there in each cell;
· How many UEs are dropped within each cluster;
Proposal 10: Regarding the DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS for SBFD and dynamic/flexible TDD evaluation, clarify the following issues.
· Alt.1: {amount of data (file size) for all the packets generated by one UE} divided by {time needed to download data starts when the first packet is received in the transmit buffer, and ends when the last bit of the last packet is correctly delivered to the receiver}
· Alt.2: Calculate the user throughput for each packet, i.e., {amount of data (file size) for each packet for one UE} divided by {time needed to download data starts when the each corresponding packet is received in the transmit buffer, and ends when the last bit of the corresponding packet is correctly delivered to the receiver}
· Alt.2-1: Calculate the average user throughput for each UE and get one CDF for the average user throughput;
· Alt.2-2: Generate the CDF for each packet of each UE.
FFS how to count/consider the packets that are not correctly delivered to the receiver (e.g., due to interference).

Proposal 11: Clarify the performance metric for SBFD and dynamic/flexible TDD evaluation as following:
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS: time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
· Alt.1: 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;
· Alt.2: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
Proposal 12: Clarify the performance metric for SBFD and dynamic/flexible TDD evaluation as following:
· Resource utilization using SLS
· Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time
· Note: For DL RU, the total number of RB per cell available for traffic over observation time only counts the DL RBs without considering the guard band and UL RBs. Similarly, for UL RU, the total number of RB per cell available for traffic over observation time only counts the UL RBs.
· DL/UL received SINR using SLS

Proposal 13: Consider the following methods for coverage evaluation for SBFD.
Method#1:
Step1: Perform SLS for legacy TDD system and get the 5% SINR (SINR#1);
Step2: Perform LLS for legacy TDD system to get the target SINR (SINR#2), with which UE can achieve a certain bit rate in UL and DL;
Step3: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the 5% SINR (SINR#3);
Step4: Perform LLS for SBFD system to get the target SINR (SINR#4), with which UE can achieve a certain bit rate in UL and DL;
Step5: Compare the gap (SINR#1 – SINR#2) with gap (SINR#3 – SINR#4) to determine if SBFD system can improve the coverage.
Method#2:
Step1: Perform SLS for SBFD system and consider the SBFD interferences in the SLS to get the interference levels for the 5%-tile UE;
Step2: Perform LLS for SBFD system to get the target SINR, with which UE can achieve a certain bit rate in UL and DL;
Step3: Generate a link budget for MPL and input the interference levels in Step1 and target SINR in Step2 in the link budget;
Step4: Compare the MPL with legacy TDD system.

Proposal 14: Consider the following traffic model for SBFD simulation.
Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} [TR36.828]
-	per UE λd/ λu is determined based on the RU, e.g., 5/2.5 2.5/1.25 2.5/0.8
Proposal 15: Update the previous agreements as following.
	Agreement
For evaluation and comparison between SBFD and legacy TDD, assume 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. Regarding antenna elements, both of the two options can be used.
· Opt 1: The total number of antenna elements of the antenna array for SBFD (N) is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Alt.1-1: during the legacy DL slot or UL slot, all the N antenna elements can be used for transmission or reception, respectively. During the SBFD slot, N/2 antenna elements are used for transmission and reception, respectively.
· Alt.1-2: during the legacy DL slot or UL slot, only N/2 antenna elements can be used for transmission or reception, respectively. During the SBFD slot, N/2 antenna elements are used for transmission and reception, respectively.
· Opt 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
Companies report which option is assumed in their simulation.



Proposal 16: 
Regarding the gNB-gNB channel model,
· LOS probability for gNB-gNB channel are updated as 80%.
· ASA and ZSA statistics are updated to be the same as ASD and ZSD, ZoD offset = 0.
Regarding the UE-UE channel model,
· ASD and ZSD statistics are updated to be the same as ASA and ZSA.
Proposal 17: Consider the following configurations for SBFD simulation.
· 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%] 25 of the channel bandwidth. SBFD Subband configuration#1 with {DUD}={96:69:96} pattern is applied and guard band is 6 RB in each side.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] 19.4 of the channel bandwidth. SBFD Subband configuration#1 with {DUD}={104:53:104} pattern is applied and guard band is 6 RB in each side.

Proposal 18: Consider the following slot format traffic model for dynamic TDD simulation.
	TDD Case
	Traffic model

	Legacy TDD
DDDSU, S=[10:2:2]
	Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {4:1}
-	λd/ λu = 0.25/0.0625 or 0.5/0.125

	Dynamic TDD
DDDSU (Marco)+
DSUUU(small cell)
S=[10:2:2]
	Macro: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {4:1}
-	λd/ λu = 0.25/0.0625 or 0.5/0.125
Small cell: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {1:4}
-	λd/ λu = 0.0625/0.25 or 0.125/0.5



Preliminary simulation results
Observation 1: For Indoor Hotspot scenarios, compared with legacy TDD, 
· DL throughput degradation for SBFD is observed in case higher RU and lower RU. 
· UL throughput gain for SBFD is observed in case of higher RU and lower RU. The gain for the case of higher RU is larger than that for lower RU.
· DL latency is increased and UL latency is reduced. 
Observation 2: For Dense urban scenarios, compared with legacy TDD, 
· DL throughput degradation for SBFD is observed in case higher RU and lower RU. 
· UL throughput gain for SBFD is observed in case of higher RU and lower RU.
· DL latency is increased and UL latency is reduced. 

Reference
[1]  RP-220633, Revised SID: Study on evolution of NR duplex operation, CMCC, RAN#95-e meeting.

Appendix
Detailed simulation parameters for geometry calibration
Table.7-1: Simulation parameters
	Parameters
	Value

	Scenario
	Urban Macro
	Indoor Hotspot
	Dense Urban

	Layout
	Single layer - Macro layer: Hex. Grid
7 sites, 21cells
	Factory hall size 120x50 m
	Macro layer:  Hex. Grid
Micro layer: Number of micro BSs per macro cell: 3; All micro BSs are all outdoor
As a layout of macro cell, 7 macro sites, 3 sectors per site model with wrap around

	Inter-BS distance
	500m
	20m
	200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	33dBm/MHz based on TR 38.830
	24 dBm per 20 MHz for 4GHz
	33dBm per 20 MHz based on TR 38.802

	UE Tx power
	23dBm

	TxRU mapping
	Per panel, reuse models in TR 36.897.
Option 1: a single TXRU is mapped per panel per polarization.

	BS antenna configuration
	2 Tx/2 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 1, 1) for legacy TDD;
(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 2; 1, 1) for SBFD;
(dH, dV) = (0.5, 0.8)λ

	BS antenna height
	25m
	3m
	Macro cells: 25m
Micro cells: 10m

	BS receiver noise figure
	5dB for 4GHz

	UE antenna configuration
	For 4GHz:
2 Tx/2 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 2) 

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0 = -80, alpha =0.8
	P0= -60; alpha = 0.6
	P0 = -80, alpha =0.8

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]
	0m
	Macro-to-UE: 35m
Micro-to-UE: 10m

	Minimum UE-UE (2D) distance
	3m (TR36.843)
	1m (TR38.828)
	3m (TR36.843)

	UE density
	10 UEs per TRxP

	Self interference suppression
	120dB

	CLI
	ACIR BS-BS 43dB
ACIR BS-UE 33dB
ACIR UE-BS 30dB
ACIR UE-UE 28dB



Detailed interference model
gNB self-interference per RB



[bookmark: _GoBack]Note: The Tx antenna gain and Rx antenna gain of the gNB can also be integrated into .
	Notation
	Explanation

	n, m
	n is the UL RB index of the gNB, m is the DL RB index of the gNB.

	

	The total number of DL RBs of the active BWP of the gNB.

	

	The total number of (allocated) DL RBs of the gNB.

	

	The maximum transmission power of the gNB.

	

	The Tx antenna gain of the gNB.

	

	The Rx antenna gain of the gNB.

	

	The gNB self-interference suppression, e.g., antenna separation, RF domain, digital domain.
Basic assumption for RAN1 simulation calibration: 90dB, 130dB.
Note: Currently, it is described per RB. In the end, it is up to RAN4 how to define it, e.g.., it may be described per subband.



gNB-gNB co-channel inter-subband interference per RB per inter-subband per aggressor gNB


	Notation
	Explanation

	n, m
	n is the UL RB index of the victim gNB, m is the DL RB index of the aggressor gNB.

	

	The total number of DL RBs of the active BWP of the aggressor gNB.

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim gNB.

	

	The large scale coupling loss between the aggressor gNB and victim gNB, e.g., pathloss

	

	The small scale coupling loss between RB n of the victim gNB and the RB m of the aggressor gNB derived by the channel H.

	

	The ACIR between RB n of the victim gNB and the RB m of the aggressor gNB.
Note: Currently, it is described per RB. In the end, it is up to RAN4 how to define it, e.g.., it may be described per subband.



gNB-gNB adjacent interference per RB per aggressor gNB


	Notation
	Explanation

	n
	The UL RB index of the victim gNB

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim gNB.

	

	The Tx beam forming gain of the aggressor gNB.

	

	The Rx beam forming gain of the victim gNB.

	

	The large scale coupling loss between the aggressor gNB and victim gNB, e.g., pathloss

	

	The ACIR between the victim gNB and the aggressor gNB.
Note: The ACIR values in TR38.828 can be reused.



Note: It is assumed that adjacent channel gNB is always transmitting with the maximum transmission power. FFS the number and location of adjacent channel gNBs.
UE-UE co-channel inter-subband interference per RB per inter-subband per aggressor UE


	Notation
	Explanation

	n, m
	n is the DL RB index of the victim UE, m is the UL RB index of the aggressor UE.

	

	The total number of scheduled UL RBs of the aggressor UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim UE.

	

	The Tx beam forming gain of the aggressor UE.

	

	The Rx beam forming gain of the victim UE.

	

	The large scale coupling loss between the aggressor UE and victim UE, e.g., pathloss

	

	The ACIR between RB n of the victim UE and the RB m of the aggressor UE.
Note: Currently, it is described per RB. In the end, it is up to RAN4 how to define it, e.g.., it may be described per subband.



UE-UE adjacent interference per RB per aggressor UE


	Notation
	Explanation

	n
	The DL RB index of the victim UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim UE.

	

	The Tx beam forming gain of the aggressor UE.

	

	The Rx beam forming gain of the victim UE.

	

	The large scale coupling loss between the aggressor UE and victim UE, e.g., pathloss

	

	The ACIR between the victim UE and the aggressor UE.
Note: The ACIR values in TR 38.828 can be reused.



Note: It is assumed that adjacent channel UE is always transmitting with the maximum transmission power. FFS the number and location of adjacent channel UEs.

gNB-UE co-channel intra-subband interference (DL) per RB of this intra-subband per aggressor gNB


	Notation
	Explanation

	n
	The DL RB index of the victim UE.

	

	The total number of DL RBs of the active BWP of the aggressor gNB.

	

	The maximum transmission power of the aggressor gNB.

	

	The Tx antenna gain of the aggressor gNB.

	

	The Rx antenna gain of the victim UE.

	

	The large scale coupling loss between the aggressor gNB and victim UE, e.g., pathloss

	

	The small scale coupling loss for one RB n between the aggressor gNB and victim UE derived from the channel H.
Note: Only the RB n of the aggressor gNB is considered for the RB n (with the same frequency) of the victim UE in this case.



UE-gNB co-chanel intra-subband interference (UL) per RB of this intra-subband per aggressor UE


	Notation
	Explanation

	n
	The UL RB index of the victim gNB.

	

	The total number of scheduled UL RBs of the aggressor UE.

	

	The maximum transmission power of the aggressor UE.

	

	The Tx antenna gain of the aggressor UE.

	

	The Rx antenna gain of the victim gNB.

	

	The large scale coupling loss between the aggressor UE and victim gNB, e.g., pathloss

	

	The small scale coupling loss for one RB n between the aggressor UE and victim gNB derived from the channel H.
Note: Only the RB n of the aggressor UE is considered for the RB n (with the same frequency) of the victim gNB in this case.
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