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In RAN#95 meeting, a revised SID on NR duplex evolution has been endorsed [1]. In this contribution, we provide our analysis for deployment scenario, interference model, evaluation methodology, simulation assumptions and simulation results.
General considerations
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 1: 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. In RAN1#110 meeting, it has been agreed that evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority. 
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 2: 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 or Urban Macro + Indoor office. 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 3: For SBFD Deployment Case 3, at least consider the following scenarios for evaluation:
· For FR1,
· Case 3-2: Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro is legacy TDD and micro applies the same SBFD configurations
· Case 3-2: Urban Macro + Indoor office
· Urban Macro is legacy TDD and Indoor office applies the same SBFD configurations
· Case 3-1: (Optional) Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Case 3-1: (Optional) Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· Case 3-1: (Optional) Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)

Overall, the existing simulation scenarios can be summarized as following.
	Deployment scenarios
	FR1
	FR2-1

	Deployment Case 1
(Higher priority)
	Indoor office
Urban macro 
Dense Urban with 1-layer or 2-layer 
	Indoor office
Dense Urban Macro layer
Dense Urban micro

	Deployment Case 2
	Dense Urban with 2-layer
Urban macro
	Dense Urban Macro layer
Dense Urban micro

	Deployment Case 3-1
	Urban macro
	Dense Urban Macro layer
Dense Urban micro

	Deployment Case 3-2
(Higher priority)
	Dense Urban with 2-layer (Macro is legacy TDD and micro applies the same SBFD configurations)
HetNet with Urban Macro and Indoor office (Macro is legacy TDD and micro applies the same SBFD configurations)
	

	Deployment Case 4
(Higher priority)
	Urban Macro
	Dense Urban Macro layer



Dynamic TDD
In RAN1#109-e meeting and RAN1#110 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. Another controversial issue is whether to consider dynamic TDD UL/DL assignment. From our perspective, static TDD UL/DL configuration can be used as the baseline and dynamic TDD UL/DL assignment can be optional at least for FR1.
If HetNet with Urban macro and Indoor office is adopted, the number of base stations needs to be determined. From our perspective, to reduce the simulation overload, it is suggested to adopt 3 BSs per 120m x 50m.
Thus, the following scenarios are proposed for dynamic TDD from our perspective.
Proposal 4: 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 (Baseline): Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2 (Optional): Indoor gNBs use dynamic TDD UL/DL assignment
Note: 3 BSs per 120m x 50m is adopted.
· 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 (Baseline): Micro gNBs use UL dominant static TDD UL/DL configuration
· Option 2 (Optional): 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 and interference models
RAN1 has sent a LS to RAN4 to seek information for the interference models for gNB self-interference, co-channel inter-subband interference and adjacent channel interference. In RAN4#104-e meeting, RAN4 has replied RAN1’s LS with some preliminary analysis of the self-interference, inter-subband interference and adjacent interference. The following table summarizes some highlights from RAN4’s response briefly.
	Interference
	Highlights of RAN4 response

	Self-interference
	Spatial isolation, frequency isolation, beam null/isolation and digital IC can be considered.
Frequency flat can be assumed at least to subband level.

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	Similar as self-interference but with different antenna isolation

	
	Inter-site
	Transmitter leakage and receiver impairment similar as self-interference but with inter-site isolation. The following can be used as the baseline.
TX leakage candidate: gNB ACLR
Receiver impairment candidate: gNB ACS

	UE-UE co-channel inter-subband
	Tx model: In-band emission, per-RB emission
Rx model: In-channel selectivity requirements for the UE are not defined

	gNB-gNB adjacent channel interference
	Co-site inter-sector
	Alternative 1: ACLR and ACS
Alternative 2: similar modelling as for self-interference(RSI) but with different antenna isolation and overall isolation

	
	Inter-site
	ACLR, ACS

	UE-UE adjacent channel interference
	ACLR, ACS



As we can observe, the above RAN4 response is still pretty much brief. It will still take RAN4 multiple meetings to discuss these interference models. 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.
The following simplified interference models can be used as the baseline for companies’ simulation calibration. Regarding the self-interference, RAN4 mentioned taking 1dB sensitivity degradation due to self-interference of DL transmission as starting point for system level evaluation and feasibility study. In other words, the self-interference has to be suppressed to (Noise floor – 6dB).
	Interference
	Simplified interference models for calibration

	Self-interference
	Self-interference is suppressed to (Noise floor – 6dB)
Frequency flat over all the UL subband

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference

	
	Inter-site
	TX leakage: gNB ACLR
Receiver impairment: gNB ACS
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	TX leakage: UE ACLR
Receiver impairment: UE ACS
Tx and Rx isolation: path loss between the aggressor UE and victim UE

	gNB-gNB adjacent channel interference
	Co-site inter-sector
	The same assumption as self-interference

	
	Inter-site
	TX leakage: gNB ACLR
Receiver impairment: gNB ACS
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE adjacent channel interference
	TX leakage: UE ACLR
Receiver impairment: UE ACS
Tx and Rx isolation: path loss between the aggressor UE and victim UE



The following ACIR assumptions can be used for simulation 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 5: RAN1 firstly calibrates geometry based on the following simplified interference model defined by RAN1 and secondly calibrates geometry based on RAN4’s input once it is available.
	Interference
	Simplified interference models for calibration

	Self-interference
	Self-interference is suppressed to (Noise floor – 6dB)
Frequency flat over all the UL subband

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference

	
	Inter-site
	TX leakage: gNB ACLR
Receiver impairment: gNB ACS
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	TX leakage: UE ACLR
Receiver impairment: UE ACS
Tx and Rx isolation: path loss between the aggressor UE and victim UE

	gNB-gNB adjacent channel interference
	Co-site inter-sector
	The same assumption as self-interference

	
	Inter-site
	TX leakage: gNB ACLR
Receiver impairment: gNB ACS
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE adjacent channel interference
	TX leakage: UE ACLR
Receiver impairment: UE ACS
Tx and Rx isolation: path loss between the aggressor UE and victim UE



Simulation assumptions for SBFD
gNB topology
In RAN1#110 meeting, we reached the following agreement for dense urban with 2-layer. 
	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]



As shown in the following figure, the ISD for dense urban macro is 200m. For each sector of dense urban macro, the maximum range is about 133.3m. If Dmacro-to-micro-center = 105 m, the candidate geographic area for micro centre is too limited. Meanwhile, if Dinter-micro-center =57.9 m, it is even difficult to put all the three micros into this sector.


In section A.2.1 of TS38.802, the following two options are provided. From our perspective, the below Option 2 can be reused.
	Table A.2.1-9: Minimum distance between TRPs and UE cluster radius
(a) Option 1
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRP centers (m)
	Radius of UE dropping within a cluster: R (m)

	3
	57.9
	<28.9

	6
	42.4
	<21.2

	9
	32
	<16


(b) Option 2
	Number of the micro TRPs per macro TRP
	Minimum distance between Micro TRP centers (m)
	Radius of UE dropping within a cluster: R (m)

	3
	40
	50

	6
	32
	50

	9
	25
	50






From our perspective, we can consider the following as baseline. By setting the Dmacro-to-micro-center = 30 m, the minimum distance between Macro TRP and UE can still be remained as 10m.
· 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 = 40 m, Dmacro-to-micro-center = 30 m

Proposal 6: Update the previous agreements reached in RAN1#110 as following.
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 = 40 m, Dmacro-to-micro-center = 30 m

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. 
[image: C:\Users\10240317\Downloads\C1_202208110833010252150130104103fd.png]
Figure 4-2: RSRP vs. Distance between UE to UE 

During RAN1#110 meeting, companies reached the following agreement on UE distribution. Regarding the number of UEs per macro TRP, we can still keep it as 10 if the number of UE clusters is not large, e.g., 1 or 2 UE clusters per macro TRP.
	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



Regarding the radius of UE cluster, to reflect the practical situation, R=20m can be the baseline.
Regarding the minimum distance between macro TRP to UE cluster centre, if the minimum distance between macro TRP and UE is to be kept, then the minimum distance between macro TRP to UE cluster center can be defined as Dmacro-to-cluster = {minimum distance between macro TRP and UE + R}. 
· For Urban Macro, Dmacro-to-cluster = 35+20=55m
· For Dense urban macro, Dmacro-to-cluster = 10+20=30m
If multiple UE clusters are adopted, then the minimum distance between two UE cluster centres can be set as Dinter-cluster = 57.9m.
Regarding the antenna height for indoor UEs, 1.5m can be set as the baseline.
Regarding minimum UE-UE distance, it seems that companies have different understandings on this. From our perspective, it can be defined as 1~3m up to companies to report.
Overall, we have the following proposal.
Proposal 7: For UE distribution of Urban Macro and Dense Urban Macro layer, 
· 1 or 2 UE clusters per macro TRP.
· Radius of UE cluster, R=20m
· Regarding minimum distance between macro TRP to UE cluster centre
· For Urban Macro, Dmacro-to-cluster = 35+20=55m
· For Dense urban macro, Dmacro-to-cluster = 10+20=30m
· Minimum distance between two UE cluster centres, Dinter-cluster = 57.9m
· Antenna height for indoor UEs, 1.5m
· minimum UE-UE distance, 1~3m up to companies to report

Channel model
In RAN1#110 meeting, we have determined the following for gNB-gNB channel models. Most of the issues have been resolved. However, for dense urban, only the Macro-to-Micro channel model has been agreed and the Micro-to-Macro channel model is still missing.
	Dense urban, Urban macro

	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)
· [bookmark: _Hlk114852220]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) 



From our perspective, the Micro-to Macro channel model can use the UMi-Street canyon in TR 38.901 as the baseline, i.e., Micro-to-Macro: UMi-Street canyon in TR 38.901 (hUE =25m).
Proposal 8: Regarding the channel model for dense urban with two layers, define the following channel model.
· Micro-to-Macro: UMi-Street canyon in TR 38.901 (hUE =25m)

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 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 9: 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.
Power allocation of gNB
In RAN1#110 meeting, the following antenna options are discussed and agreed for simulation.
	Option1 Method1
	[image: ]

	Option2
Method 2-1
	[image: ]

	Option2
Method 2-2
	[image: ]

	Option3
Method 3-1
	[image: ]

	Option3
Method 3-2
	[image: ]



For all the options and methods, only K/2 Tx chains are applied during the SBFD slots/symbols. In addition, for Option3 Method 3-1 and Option3 Method 3-2, only K/2 Tx chains are applied during the DL slots/symbols. For all these case with only K/2 Tx chains, only half of the gNB transmission power can be applied since the PA is bundled with Tx chains.

Another issue is about the gNB transmission power during SBFD symbols, there are different alternatives. From our perspective, Alt.1 should be the baseline and it can be implemented by network.
· Alt.1: During SBFD symbols, gNB maximum transmission power is not changed due to that partial of RBs are designated as UL subband.
· Alt.2: During SBFD symbols, gNB maximum transmission power is reduced due to that partial of RBs are designated as UL subband.

Proposal 10: Regarding power allocation of gNB for SBFD,
· For the case when only K/2 Tx chains are applied, only half of the gNB transmission power can be applied since the PA is bundled with Tx chains.
· During SBFD symbols, gNB maximum transmission power is not changed due to that partial of RBs are designated as UL subband.

Switching gap configuration
Different antenna configurations have been agreed in RAN1#110 meeting. For Option1 Method1, Option2 Method 2-2 and Option3 Method 3-2, there are direction switching for certain antenna panels. Take Option1 Method1 as an example, in the DL symbols and SBFD symbols, the first antenna panel is used for DL transmission. In UL symbols, the first antenna panel is switched for UL reception. A switching gap is needed for the direction switching. 1 or 2 symbols can be reserved as the switching gap. 
Proposal 11: For SBFD simulation, in case of direction switching for one certain antenna panel, a switching gap is needed.
· The switching gap can be 1 symbol or 2 symbols, which is up to company to report.

Adjacent channel
In RAN1#110 meeting, the following agreement is reached. For SBFD deployment case 4, Urban Macro for FR1 and Dense Urban Macro layer for FR2 have been determined as the simulation scenarios. The interference level is highly dependent on the transmission power of gNB, thus it is beneficial to simulate different power levels in adjacent carriers.
Regarding the load levels, low load, medium load and high load can be simulated. They can be simulated via different probability of applying the adjacent interference. For example, for low load, the adjacent channel interference will be applied with 10% as the probability; for medium load, the adjacent channel interference will be applied with 50% as the probability; for high load, the adjacent channel interference will be applied with 100% as the probability.
	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.



Proposal 12: For simulation of SBFD deployment case 4,
· Different power levels in adjacent carriers can be simulated and it is up to company to report the power levels.
· Different load levels in adjacent carriers can be simulated and consider the following as baseline.
· for low load, the adjacent channel interference will be applied with 10% as the probability; 
· for medium load, the adjacent channel interference will be applied with 50% as the probability; 
· for high load, the adjacent channel interference will be applied with 100% as the probability

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.
Traffic model
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. Note that different traffic models for Macro and Micro/Indoor office can also be considered.
	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)
-	Average Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11

	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)
-	Average Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11
Small cell: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11



Proposal 13: Consider the following slot format traffic model for dynamic TDD simulation.
· Note: different traffic models for Macro and Micro/Indoor office can also be considered.
	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)
-	Average Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11

	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)
-	Average Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11
Small cell: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11



Performance metric
Regarding the RU definition for dynamic TDD, it is still FFS in RAN1#110’s discussion. 
	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



From our perspective, Type-2 RU definition is sufficient, which is the same as legacy definition for previous simulation. 
Proposal 14: Apply Type-2 RU definition for dynamic TDD simulation.

Preliminary simulation results
Simulation assumptions
We perform SLS and get some preliminary simulation results for Indoor Hotspot and Dense urban (two layers). In RAN1#110 meeting, several antenna configurations were agreed. Considering different antenna configurations may have big impact on the SBFD performance especially if different antenna configurations are configured with different antenna elements. Thus, in this section, we provided simulation results for “SBFD Option1-Method 1” and “SBFD Option2: Method 2-1”.
	SBFD Option1-Method 1
	[image: ]

	SBFD Option2: Method 2-1
	[image: ]



Two baseline TDD slot formats are assumed in our simulation. 
· Baseline#1: (DDSUU), in this case, the DL/UL resource ratio is almost the same as SBFD (XXXXU).
· Baseline#2: (DDDSU), in this case, the UL resource in SBFD (XXXXU) is increased compared with baseline#2.
The simulation assumptions for “SBFD Option2: Method 2-1” and Legacy TDD slot format using Baseline #2 are captured in our contribution R1-2205959 submitted in RAN1#110 meeting. The results are copied in this section and the simulation assumptions for“SBFD Option2: Method 2-1” are captured in the Appendix 8.1 as well for convenient comparison. The simulation assumptions for “SBFD Option1: Method 1” are captured in Appendix 8.2. 
Due to the limited simulation time, the simulation assumptions for “SBFD Option1: Method 1” and “SBFD Option2: Method 2-1” are not aligned yet. Although the simulation assumptions are not exactly the same, some high-level observations can be drawn based on the existing simulation results. 
Simulation results
Indoor Hotspot
SBFD Option2: Method 2-1
	Table 5-1: Indoor Hotspot λd/ λu : 10/1.25

	DL: Mean of Average UPT
	DL latency

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


	UL: Mean of Average UPT
	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: Mean of Average UPT
	DL latency

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


	UL: Mean of Average UPT
	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: Mean of Average UPT
	DL latency

	[image: ]

	


	UL: Mean of Average UPT
	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: Mean of Average UPT
	DL latency

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


	UL: Mean of Average UPT
	UL latency

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




SBFD Option1-Method 1
Table.5-5: DL Performance metric for Indoor Hotspot 
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -3.78%

	
	
	
	Gain over Baseline#2: -26.21%

	Unfinished/dropped packet rate
	5.08%
	3.53%
	3.15%

	
	Type-1 RU
	13.30%
	12.24%
	13.16%

	
	Type-2 RU
	22.16%
	15.29%
	21.66%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -11.94%

	
	
	
	Gain over Baseline#2: -34.45%

	Unfinished/dropped packet rate
	5.45%
	5.35%
	4.07%

	
	Type-1 RU
	25.11%
	23.19%
	30.54%

	
	Type-2 RU
	41.85%
	28.99%
	50.28%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -16.65%

	
	
	
	Gain over Baseline#2: -39.98%

	Unfinished/dropped packet rate
	5.39%
	5.46%
	4.71%

	
	Type-1 RU
	31.86%
	29.40%
	40.04%

	
	Type-2 RU
	53.10%
	36.75%
	65.93%



Table.5-6: UL Performance metric for Indoor Hotspot
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -46.58%

	
	
	
	Gain over Baseline#2:+22.79%

	Unfinished/dropped packet rate
	0.10%
	0.20%
	0.17%

	
	Type-1 RU
	5.37%
	5.04%
	5.32%

	
	Type-2 RU
	13.43%
	25.18%
	14.99%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -48.46%

	
	
	
	Gain over Baseline#2: +26.8%

	Unfinished/dropped packet rate
	0.00%
	0.06%
	0.15%

	
	Type-1 RU
	8.27%
	8.24%
	8.44%

	
	Type-2 RU
	20.68%
	41.22%
	23.80%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT
	0 %
	0 %
	Gain over Baseline#1: -49.54%

	
	
	
	Gain over Baseline#2: +30.55%

	Unfinished/dropped packet rate
	0.08%
	0.26%
	0.18%

	
	Type-1 RU
	10.34%
	10.15%
	10.35%

	
	Type-2 RU
	25.85%
	50.77%
	29.18%


Observations
For Indoor Hotspot scenarios with SBFD Option2: Method 2-1, the main simulation assumptions are captured in Appendix 8.1 and detailed simulation assumptions can be found in our previous RAN1 contribution R1-2205959 submitted in RAN1#110 meeting. For this case, only baseline#2 is considered for comparison. Compared with baseline#2, the DL resources are reduced in SBFD system. That’s the reason why some DL performance loss is observed for most of the simulation cases. UL performance gain is observed due to the increased UL resources and more transmission opportunities for UL.
For Indoor Hotspot scenarios with SBFD Option1-Method 1, the number of antenna elements and the number of applied Tx chains or Rx chains during SBFD symbols are reduced to half. Theoretically, this may lead to 3dB performance loss due to the impact on UL beam forming gain at the gNB side. Similar issue also happens for DL. That’s why DL and UL performance loss are observed in this case.
Based on the simulation results, we draw the following observations. 
Observation 1: For Indoor Hotspot scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT 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 Indoor Hotspot scenarios with SBFD Option1-Method 1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD

Dense urban: 2 Layer
SBFD Option2: Method 2-1
	Table 5-7: Dense urban λd/ λu : 5/2.5

	DL: Mean of Average UPT
	DL latency

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


	UL: Mean of Average UPT
	UL latency

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


	Table 5-8: Dense urban λd/ λu : 2.5/1.25

	DL: Mean of Average UPT
	DL latency

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


	UL: Mean of Average UPT
	UL latency

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




[bookmark: _Hlk115442735]SBFD Option1-Method 1
Table.5-9: DL Performance metric for Dense urban 2 Layer 
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -31.81%

	
	
	
	Gain over Baseline#2:-44.77%

	Macro
	Type-1 RU
	8.32%
	8.04%
	10.28%

	
	Type-2 RU
	13.86%
	10.06%
	16.98%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -33.99%

	
	
	
	Gain over Baseline#2:-46.59%

	Pico
	Type-1 RU
	1.91%
	1.83%
	4.27%

	
	Type-2 RU
	3.19%
	2.29%
	4.51%

	Unfinished/dropped packet rate 
	0.25%
	0.13%
	0.89%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -35.17%

	
	
	
	Gain over Baseline#2:-47.59%

	Macro
	Type-1 RU
	10.25%
	9.84%
	13.56%

	
	Type-2 RU
	17.08%
	12.30%
	22.42%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -37.07%

	
	
	
	Gain over Baseline#2:-48.95%

	Pico
	Type-1 RU
	2.33%
	2.23%
	5.57%

	
	Type-2 RU
	3.89%
	2.79%
	9.78%

	Unfinished/dropped packet rate 
	0.19%
	0.07%
	1.32%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -37.78%

	
	
	
	Gain over Baseline#2:-49.71%

	Macro
	Type-1 RU
	12.03%
	11.48%
	16.84%

	
	Type-2 RU
	20.04%
	14.35%
	27.83%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -41.94%

	
	
	
	Gain over Baseline#2:-52.9%

	Pico
	Type-1 RU
	2.80%
	2.67%
	4.48%

	
	Type-2 RU
	4.66%
	3.33%
	7.40%

	Unfinished/dropped packet rate 
	0.45%
	0.21%
	1.56%



Table.5-10: UL Performance metric for Dense urban 2 Layer
	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -51.27%

	
	
	
	Gain over Baseline#2:+11.16%

	Macro
	Type-1 RU
	4.30%
	4.16%
	4.25%

	
	Type-2 RU
	10.74%
	20.80%
	11.99%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -51.36%

	
	
	
	Gain over Baseline#2:+4.91%

	Pico
	Type-1 RU
	0.92%
	0.87%
	0.89%

	
	Type-2 RU
	2.31%
	4.37%
	2.51%

	Unfinished/dropped packet rate
	0.46%
	0.53%
	0.79%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -52.63%

	
	
	
	Gain over Baseline#2:+10.72%

	Macro
	Type-1 RU
	5.23%
	5.22%
	5.36%

	
	Type-2 RU
	13.09%
	26.09%
	15.13%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -52.22%

	
	
	
	Gain over Baseline#2:+5.7%

	Pico
	Type-1 RU
	1.12%
	1.12%
	1.12%

	
	Type-2 RU
	2.81%
	5.62%
	3.15%

	Unfinished/dropped packet rate
	0.20%
	0.13%
	0.35%

	

	
	Baseline#1
(DDSUU)
	Baseline#2
(DDDSU)
	SBFD
(XXXXU)

	Mean of Average UPT of Macro
	0 %
	0 %
	Gain over Baseline#1: -52.04%

	
	
	
	Gain over Baseline#2:+12.54%

	Macro
	Type-1 RU
	6.65%
	6.48%
	6.62%

	
	Type-2 RU
	16.63%
	32.40%
	18.68%

	Mean of Average UPT of Pico
	0 %
	0 %
	Gain over Baseline#1: -51.38%

	
	
	
	Gain over Baseline#2:+6.31%

	Pico
	Type-1 RU
	1.44%
	1.39%
	1.36%

	
	Type-2 RU
	3.59%
	6.95%
	3.83%

	Unfinished/dropped packet rate
	0.24%
	0.22%
	0.24%


Observations
For Dense urban: 2 Layer, similar analysis and observations as that for Indoor Hotspot can be conducted (see Section 5.2.1.3). Thus, we have the following observations.  
Observation 3: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT gain for SBFD is observed in case of higher RU and lower RU.
· DL latency is increased and UL latency is reduced.

Observation 4: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD
Summary
Overall, although the simulation assumptions for “SBFD Option2: Method 2-1” and “SBFD Option1-Method 1” are not fully aligned. We observed similar observations for Indoor Hotspot and Dense urban (2-layer) scenarios. DL UPT and UL UPT performance loss will be observed if the number of antenna elements and antenna ports are halved during the SBFD symbols. From this perspective, it is better to focus the SBFD simulation on antenna configuration 2.
· [bookmark: _GoBack]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).

Proposal 15: RAN1 to focus the SBFD performance simulation on antenna configuration 2.

Conclusion
General considerations
Proposal 1: 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 2: 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 3: For SBFD Deployment Case 3, at least consider the following scenarios for evaluation:
· For FR1,
· Case 3-2: Dense Urban with 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· Macro is legacy TDD and micro applies the same SBFD configurations
· Case 3-2: Urban Macro + Indoor office
· Urban Macro is legacy TDD and Indoor office applies the same SBFD configurations
· Case 3-1: (Optional) Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· For FR2-1,
· Case 3-1: (Optional) Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· Case 3-1: (Optional) Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
Proposal 4: 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 (Baseline): Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2 (Optional): Indoor gNBs use dynamic TDD UL/DL assignment
Note: 3 BSs per 120m x 50m is adopted.
· 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 (Baseline): Micro gNBs use UL dominant static TDD UL/DL configuration
· Option 2 (Optional): 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 5: RAN1 firstly calibrates geometry based on the following simplified interference model defined by RAN1 and secondly calibrates geometry based on RAN4’s input once it is available.
	Interference
	Simplified interference models for calibration

	Self-interference
	Self-interference is suppressed to (Noise floor – 6dB)
Frequency flat over all the UL subband

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference

	
	Inter-site
	TX leakage: gNB ACLR
Receiver impairment: gNB ACS
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	TX leakage: UE ACLR
Receiver impairment: UE ACS
Tx and Rx isolation: path loss between the aggressor UE and victim UE

	gNB-gNB adjacent channel interference
	Co-site inter-sector
	The same assumption as self-interference

	
	Inter-site
	TX leakage: gNB ACLR
Receiver impairment: gNB ACS
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE adjacent channel interference
	TX leakage: UE ACLR
Receiver impairment: UE ACS
Tx and Rx isolation: path loss between the aggressor UE and victim UE



Proposal 6: Update the previous agreements reached in RAN1#110 as following.
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 = 40 m, Dmacro-to-micro-center = 30 m

Proposal 7: For UE distribution of Urban Macro and Dense Urban Macro layer, 
· 1 or 2 UE clusters per macro TRP.
· Radius of UE cluster, R=20m
· Regarding minimum distance between macro TRP to UE cluster centre
· For Urban Macro, Dmacro-to-cluster = 35+20=55m
· For Dense urban macro, Dmacro-to-cluster = 10+20=30m
· Minimum distance between two UE cluster centres, Dinter-cluster = 57.9m
· Antenna height for indoor UEs, 1.5m
· minimum UE-UE distance, 1~3m up to companies to report

Proposal 8: Regarding the channel model for dense urban with two layers, define the following channel model.
· Micro-to-Macro: UMi-Street canyon in TR 38.901 (hUE =25m)

Proposal 9: 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 10: Regarding power allocation of gNB for SBFD,
· For the case when only K/2 Tx chains are applied, only half of the gNB transmission power can be applied since the PA is bundled with Tx chains.
· During SBFD symbols, gNB maximum transmission power is not changed due to that partial of RBs are designated as UL subband.

Proposal 11: For SBFD simulation, in case of direction switching for one certain antenna panel, a switching gap is needed.
· The switching gap can be 1 symbol or 2 symbols, which is up to company to report.
Proposal 12: For simulation of SBFD deployment case 4,
· Different power levels in adjacent carriers can be simulated and it is up to company to report the power levels.
· Different load levels in adjacent carriers can be simulated and consider the following as baseline.
· for low load, the adjacent channel interference will be applied with 10% as the probability; 
· for medium load, the adjacent channel interference will be applied with 50% as the probability; 
· for high load, the adjacent channel interference will be applied with 100% as the probability

Proposal 13: Consider the following slot format traffic model for dynamic TDD simulation.
· Note: different traffic models for Macro and Micro/Indoor office can also be considered.
	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)
-	Average Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11

	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)
-	Average Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11
Small cell: Burst buffer with FTP traffic model 3 (packet size = 0.1, 0.5, and 2.0 MB)
-	Ratio of DL/UL traffic = {3:1}
-	λd/ λu = 20/7, 30/9 or 40/11



Proposal 14: Apply Type-2 RU definition for dynamic TDD simulation.

 Preliminary simulation results
Observation 1: For Indoor Hotspot scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT 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 Indoor Hotspot scenarios with SBFD Option1-Method 1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD
Observation 3: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· DL UPT degradation for SBFD is observed in case higher RU and lower RU. 
· UL UPT gain for SBFD is observed in case of higher RU and lower RU.
· DL latency is increased and UL latency is reduced.
Observation 4: For Dense urban scenarios with SBFD Option2: Method 2-1, compared with legacy TDD, 
· Both DL and UL observe some UPT performance loss in most cases due to the half number of antenna elements and half number of antenna ports in SBFD symbols
· UL observes some UPT performance gain compared with baseline#2 mainly due to the increased UL resource for SBFD

Proposal 15: RAN1 to focus the SBFD performance simulation on antenna configuration 2.

Reference
[1]  RP-220633, Revised SID: Study on evolution of NR duplex operation, CMCC, RAN#95-e meeting.
Appendix
Simulation assumptions for SBFD Option2: Method 2-1
Table.8-1: Simulation parameters for SBFD
	Parameters
	Value

	Scenario
	Indoor office
	Dense Urban

	Layout
	Indoor office size 120x50 m
Single layer: 12BSs per 120m x 50m
	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

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	20m
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 30m
Minimum Micro-center-to-micro-center distance: 40m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	24 dBm per 20MHz
	53dBm for Macro
40dBm for Micro

	UE Tx power
	23dBm

	Frame structure
	Legacy TDD DDDSU, S=[12D:2G:0U]
SBFD: SSSSU
S = [(subband-1:D; subband-2:U; subbband-3:D] , 273RBs, 104:53:104(DUD),- Guard RB: 6RBs in each side

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

	BS antenna configuration
	· Legacy TDD:
· = (4,4,2,1,1; 1,1)
· = (0.5,0.5)λ,  +45°/-45° polarization;
· SBFD:
· SBFD antenna configuration option-2 (Method2- 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
	Legacy TDD:
=(4,4,2,1,1;1,1)
 = (0.5, 0.8)λ,  +45°/-45° polarization;
SBFD:
· 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, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

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

	BS antenna radiation pattern
	Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 in TR 38.802)
	Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

	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, 1)

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

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0= -60; alpha = 0.6
	P0 = -86, alpha =0.8 for Macro
P0 = -86, alpha =0.8 for Micro

	Minimum BS-UE (2D) distance
	0m
	Macro-to-UE: 10m
Micro-to-UE: 10m

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

	UE density
	10 UEs per TRxP

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 2

	UE attachment
	Based on RSRP from port 0

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

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	0dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	Self-interference suppression
	120dB
Frequency flat over the whole subband level.

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference suppression.

	
	Inter-site
	TX leakage: gNB ACLR = 45dB
Receiver impairment: gNB ACS=45dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	Only large-scale model is applied.




Simulation assumptions for SBFD Option1: Method 1
Table.8-2: Simulation parameters for SBFD
	Parameters
	Value

	Scenario
	Indoor office
	Dense Urban

	Layout
	Indoor office size 120x50 m
Single layer: 12BSs per 120m x 50m
	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

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	Inter-BS distance
	20m
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 30m
Minimum Micro-center-to-micro-center distance: 40m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	BS Tx power
	24 dBm
	53dBm for Macro
40dBm for Micro

	UE Tx power
	23dBm

	Frame structure
	Legacy TDD case1: DDDSU, S=[12D:2G:0U]; case2: DDSUU, S=[12D:2G:0U];
SBFD: SSSSU
S = [(subband-1:D; subband-2:U; subbband-3:D] , 273RBs, 104:53:104(DUD),- Guard RB: 6RBs in each side

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

	BS antenna configuration
	Legacy TDD:
= (4,4,2,1,1; 4,4)
= (0.5,0.5)λ,  +45°/-45° polarization;
SBFD:
· 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

	Legacy TDD:
=(8,8,2,1,1;2,8)
 = (0.5, 0.8)λ,  +45°/-45° polarization;
SBFD:
· 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

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

	BS antenna radiation pattern
	Reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (same as Wall-mount model in Table A.2.1-7 in TR 38.802)
	Reuse Table 9 in Report ITU-R M.2412 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)

	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, 1)

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

	UE receiver noise figure
	9 dB for 4GHz

	UE power control
	P0= -60; alpha = 0.6
	P0 = -80, alpha =0.8 for Macro
P0 = -90, alpha =0.9 for Micro

	Minimum BS-UE (2D) distance
	0m
	Macro-to-UE: 10m
Micro-to-UE: 10m

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

	UE density
	10 UEs per TRxP

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Ideal

	UE processing capability
	UE processing capability 1

	UE attachment
	Based on RSRP from port 0

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

	DL/UL Modulation
	Up to 64QAM

	Handover margin
	3dB

	Transmission scheme and Scheduling
	SU-MIMO with PF

	Self-interference suppression
	Taking 1dB sensitivity degradation due to self-interference of DL transmission
Frequency flat over the whole subband level.

	gNB-gNB co-channel inter-subband
	Co-site inter-sector
	The same assumption as self-interference suppression.

	
	Inter-site
	TX leakage: gNB ACLR = 45dB
Receiver impairment: gNB ACS=45dB
Tx and Rx isolation: path loss between the aggressor gNB and victim gNB

	UE-UE co-channel inter-subband
	Only large-scale model is applied.






27/28
Sector 1
Sector2
Sector 0
Dense Urban Macro
200m
133.3m



image2.emf
Sector 1

Sector2

Sector 0

Dense Urban 

Macro

200m


image3.png
RSAP [dBm]

Una,FR1

-40%

80

80

-100

120

-140

-180

-180

)

220
0

100

200

a0 400 s00
Distance between UEZUE ]

600

700




image4.png
TXRU group #2 DL slots/symbols

i ] uL
“TRUgoup 2 SBFD slots/symbols

SBFD Option 1-Method 1

TxRU group #2

UL
UL slots/symbols




image5.png
DL DL

—0 —
bUL\. bUL\.
DL slots/symbols SBFD slots/symbols UL slots/symbols

SBFD Option 2: Method 2-1




image6.png
DL DL
e e

K Rx Chains K Rx Chains UL
uL

DL slots/symbols SBFD slots/symbols UL slots/symbols
SBFD Option 2: Method 2-2





image7.png
Panel group#1
L/2 elements

K/2 Tx Chains

K/2 Rx Chains
Panel group#2

L/2 elements

DL slots/symbols

Panel group#1
L/2 elements

K/2 Tx Chains

K/2 Rx Chains
Panel group#2
L/2 elements

SBFD slots/symbols

Panel group#1

L/2 elements

K/2 Tx Chains

K/2 Rx Chains

Panel group#2
L/2 elements

UL slots/symbols

SBFD Option 3: Method 3-1





image8.png
Panel group#1
L/2 elements

Panel group#1
L/2 elements

Panel group#1
L/2 elements

K/2 Tx Chains K/2 Tx Chains K/2 Tx Chains

K/2 Rx Chains K/2 Rx Chains K/2 Rx Chains

Panel group#2 Panel group#2

L/2 elements

Panel group#2

L/2 elements L/2 elements

DL slots/symbols SBFD slots/symbols UL slots/symbols

SBFD Option 3: Method 3-2





image9.png
600

500

400

300

200

100

Downlink[Mbps]

- 25%e

-25%0

-33%«
o [H

Mean UE Thput

5% UE Thput 50% UE Thput

mlegacy TDD mSBFD

95% UE Thput





0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image10.wmf
0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image11.png
250

200

150

100

50

Uplink[Mbps]

75%¢
164% 273%+
i 1087
[] i =
Mean U_E Thput 5% UE_Thput 50% U; Thput 95% U; Thput

mlegacy TDD mSBFD





0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image12.wmf
0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image13.png
Downlink[Mbps]
1000
800
600

38%w
400 40%» -40%w
200 42%» I

Mean UE Thput 5% UE Thput ~ 50% UE Thput ~ 95% UE Thput

o

mlegacy TDD mSBFD




0

5

10

15

20

25

30

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image14.wmf
0

5

10

15

20

25

30

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image15.png
300
250
200
150
100

50

o

255%

Mean UE Thput

Uplink[Mbps]

321%«

2462% I
B =

5% UEThput  50% UE Thput

mlegacy TDD HSBFD

116%

95% UE Thput




0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image16.wmf
0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image17.png
800
700
600
500
400
300
200
100

Downlink[Mbps]

-46%0

- -41%e
-48%

9% -

Mean UE Thput 5% UE Thput 50% UE Thput

mlegacy TDD mSBFD

95% UE Thput





0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image18.wmf
0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image19.png
Uplink[Mbps]

250

3%

200 -

27%e 39%e
150 -

100

118%¢

50

0 | _

Mean UE Thput 5% UE Thput 50% UE Thput 95% UE Thput

mlegacy TDD mSBFD





0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image20.wmf
0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image21.png
1000

800

Downlink[Mbps]
600

-38%e
400 -40%e | -40%e 1
200 I 42%» I 1
0 a2

Mean UE Thput 5% UE Thput ~ 50% UE Thput ~ 95% UE Thput

mlegacy TDD  mSBFD





0

5

10

15

20

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image22.wmf
0

5

10

15

20

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL latency[ms]

 

 

Legacy TDD

SBFD


image23.png
300
250
200
150
100

50

Uplink[Mbps]

35%¢

3%

6%«

203%¢ I

Mean UE Thput

5% UE Thput  50% UE Thput

Hlegacy TDD MSBFD

95% UE Thput





0

2

4

6

8

10

12

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image24.wmf
0

2

4

6

8

10

12

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL latency[ms]

 

 

Legacy TDD

SBFD


image25.png
800
700
600
500
400
300
200
100

Downlink[Mbps]

-41%w
-30%e
= -27%
-38%« -27%+ -16%+
I - I - I
l - Hm

Macro  Macro 5% Macro 50%Macro95% Micro  Micro5% Micro 50% Micro 95%
Mean UE UEThput UEThput UEThput MeanUE UEThput UEThput UEThput
Thput Thput

Hlegacy TDD HSBFD




0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL Latency[ms]

 

 

Legacy TDD

SBFD


image26.wmf
0

5

10

15

20

25

30

35

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL Latency[ms]

 

 

Legacy TDD

SBFD


image27.png
250

200

150

100

50

0

47%e

. I 48%

Uplink[Mbps]

%0

196%«

T74%¢
l 672%«

127%¢

3292%e

Macro  Macro 5% Macro 50% Macro 95%  Micro Micro 5% Micro 50% Micro 95%

Mean UE  UE Thput
Thput

UEThput UEThput Mean UE UE Thput
Thput

mlegacy TDD  mSBFD

UEThput  UE Thput




0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL Latency[ms]

 

 

Legacy TDD

SBFD


image28.wmf
0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL Latency[ms]

 

 

Legacy TDD

SBFD


image29.png
900
800
700
600
500
400
300
200
100

Downlink[Mbps]

41%w -40%w
-36%w -36%e 27%w -10%w
I 68°/M I I 78%“ I I

Macro  Macro5% Macro50% Macro95% Micro  Micro5% Micro 50% Micro 95%
Mean UE UEThput UEThput UEThput MeanUE UEThput UEThput UE Thput
Thput Thput

mlegacy TDD  mSBFD




0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL Latency[ms]

 

 

Legacy TDD

SBFD


image30.wmf
0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

DL Latency[ms]

 

 

Legacy TDD

SBFD


image31.png
250

200

150

100

5

S

o

23%¢

Uplink[Mbps]

16%e

125%¢
52%0 I I

26%¢

650%e I |
-I

Macro  Macro 5% Macro 50% Macro 95%  Micro Micro 5% Micro 50% Micro 95%

Mean UE  UE Thput
Thput

UEThput UEThput Mean UE UE Thput
Thput

mlegacy TDD  mSBFD

UEThput  UE Thput




0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL Latency[ms]

 

 

Legacy TDD

SBFD


image32.wmf
0

5

10

15

20

25

30

35

40

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

UL Latency[ms]

 

 

Legacy TDD

SBFD


image33.png
(M,N,P,M,,N,)




image34.png




image35.png
2L = 2PMNM,N,




Microsoft_Visio___1.vsdx
UL throughput
UL coverage


DL throughput
DL&UL Latency

4

1

2

3

5

6



image1.emf
UL 

throughput

UL coverage

DL throughput

DL&UL Latency

4

1

2

3

5

6


