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1 Introduction
In RAN#75 plenary meeting, a new WID on NR was approved [1], the objectives are as follows:

· Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:

· Enablers for interference management mechanisms for handling cross-link interference.

· Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1
At 3GPP RAN1#88 meeting before, some agreement and conclusion have been reached about the evaluation methodology and candidate CLI mitigation schemes and performance evaluation of multiple schemes [2][3][4].
At 3GPP RAN1#88 meeting [5], the following agreement and conclusion were reached:
Conclusion #1:

· Summarize the evaluation results for indoor hotspot scenario based on the agreed framework from last meeting

· Summarize observations based on the evaluation results for indoor hotspot scenario
Conclusion #2:

· Summarize the evaluation results for urban macro scenario based on the agreed framework from last meeting

· Summarize observations based on the evaluation results for urban macro scenario
Conclusion #3:

· Summarize the evaluation results for dense urban scenario based on the agreed framework from last meeting

· Summarize observations based on the evaluation results for dense urban scenario
Agreements #1:

· Evaluation results for flexible duplexing is captured in section 10 of TR38.802
· Evaluation results are summarized in the attached sheet in R1-1703818

· Which can be further updated upon availability of new results (by Friday morning)

· Agreed evaluation assumption for flexible duplexing is also captured in appendix A.2 of TR38.802
· Agreed assumption are indicated in slide 5-9 in R1-1703818
Agreements #2:

· Observations for indoor hotspot scenario:

· Evaluations show that duplexing flexibility with cross-link interference mitigation schemes and on a 4GHz and 30GHz provides better UPT compared to static UL/DL resource partition and duplexing flexibility without cross-link interference mitigation schemes

· Evaluations show that duplexing flexibility without cross-link interference mitigation schemes on a 4GHz and 30GHz provides better UPT compared to static UL/DL resource partition at least for some cases

· The evaluated cross-link interference mitigation schemes include sensing based methods, advanced receivers (e.g. MMSE-IRC, EMMSE-IRC), coordinated scheduling/beamforming, power control, link adaptation, hybrid dynamic/static UL/DL resource assignment. 

Agreements #3:

· For urban macro scenario, evaluations show that duplexing flexibility with cross-link interference mitigation schemes on a 4GHz unpaired spectrum and on a 2GHz paired spectrum provides better average UPT compared to static UL/DL resource partition and duplexing flexibility without cross-link interference mitigation schemes. 

· The evaluated cross-link interference mitigation schemes include advanced receivers (e.g. MMSE-IRC, EMMSE-IRC, packet exchange for interference cancellation), coordinated scheduling/beamforming, power control, link adaptation.

· For urban macro scenario, evaluations show that duplexing flexibility on a 2GHz paired spectrum with SRS on the DL part without dynamic DL/UL resource allocation provides better cell average/edge throughput compared to no SRS on the DL part of the spectrum.

· Note: it is up to the rapporteur whether or not to include the references of contributions on evaluation results in the observations (to be consistent with other parts of the TR)

Agreements #4:

· For dense urban scenario, evaluations show that duplexing flexibility with cross-link interference mitigation schemes on a 4GHz and 30GHz unpaired spectrum provides better UPT compared to static UL/DL resource partition and duplexing flexibility without cross-link interference mitigation schemes

· The evaluated cross-link interference mitigation schemes include advanced receivers (e.g. MMSE-IRC, eMMSE-IRC), sensing based schemes, coordinated scheduling/beamforming, power control, link adaptation, hybrid dynamic/static UL/DL resource assignment.
To evaluate the feasibility and/or gain of sensing based schemes for cross-link interference mitigation in an indoor hotspot scenario at 4GHz, some simulation results can be found in the our company’s/related contribution [6] [7]. In this contribution, we will supplement some additional simulation results for some typical scenarios such as traffic ratio is {1:1}, {1:2}, {4:1} in low, medium and high load. 
2 Modeling of cross-link interference (CLI) mitigation
In the dynamic TDD system, CLI such as DL-to-UL interference and UL-to-DL interference exist in the case that neighboring cells use different transmission direction on the same or partially-overlapping time/frequency resource as shown in Figure 1.
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Figure 1: Cross-link interference for dynamic TDD system

For the indoor scenarios with multiple TRPs in one room, CLI will severely degrade the potential performance resulted from flexible resource allocation, especially for the cases with dense gNB or UE deployment. Therefore, some CLI mitigation schemes, e.g., sensing based schemes are considered in our evaluation.
For the indoor scenarios with multiple UEs in one room, when two adjacent UEs separately operate with transmission and reception over the same or partially-overlapping time-frequency resource simultaneously, the downlink reception of the UE will be impacted by the uplink transmission of the UE. The impact may be very strong for the small distance between two UEs.

The sensing based schemes can be used to mitigate/avoid the UE-UE interference or gNB-gNB interference. To be specific, gNB or UE perform channel sensing operation before transmission to mitigate/avoid CLI. In addition, to enable a proper handling of CLI, the interference level should be accurately sensed or measured. The sensing based interference measurement can be done using long term based measurements or short term based measurements.
For short term measurements, the node measures the interference more frequent and use the instantaneous measurement e.g., clear channel assessment (CCA)/sensing results as an input to the dynamic scheduling. Based on this, the node competes for the instantaneous channel sensing for optimal transmission, e.g., adjust transmission link direction or transmit power, etc.

For long term based measurements, the CLI can be handled by statistical measurement metrics, e.g., busy/idle rate of channel sensing. If the ratio of the channel sensing idle/busy is greater than a (pre)configuration threshold, then the slot(s)/subframe(s) is without or with serious interference.
3 Evaluation methodology for dynamic TDD
3.1 Simulation assumption
In this section, the detailed assumptions used for the system level simulations are provided as shown in the appendix.  The following TDD cases are considered for the system-level evaluations:

Option1: Static TDD (Legacy LTE TDD)
A TDD scheme where the DL: UL ratio for the allocated subframe is fixed and the same DL: UL ratio is used by all nodes in the network. This scheme is equivalent to the traditional legacy TDD. In other words, the number of DL subframes followed by UL subframes are the same and synchronous across all the nodes in the network.

Operation based on static TDD is not the risk of incurring so-called CLI while the DL to UL ratio for the allocated subframes follows a static or semi-static structure that is matched to the long term statistics of the incoming DL to UL traffic ratio.
Option 2: Dynamic TDD

A dynamic TDD scheme where the direction of transmission is not fixed on any resource and it can be changed dynamically between DL and UL. In this evaluation, the change of transmission direction/transmission direction is dependent on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, the resource is assigned for DL transmission. Otherwise, UL transmission resource is allocated.

Operation based on dynamic TDD is expected to result in so-called CLI where the transmission with DL is the result in another transmission with UL.
Option 3: Dynamic TDD with Sensing
The method of dynamic TDD is used along with a sensing operation at the gNB or UE before DL transmission (e.g. the UE performs sensing on the DL subframe, if successful the UE can transmit its UL traffic on the DL subframe) or UL transmission (e.g. the gNB performs sensing on the UL subframe, if successful the gNB can transmit its DL traffic on the UL subframe). 
This simulation is carried out for the case with heavy DL traffic assumptions, with downlink and uplink traffic ratio of {2:1}, {4:1}. heavy UL traffic assumption downlink and uplink traffic ratio of {1:2} and more balanced DL and UL traffic assumption downlink and uplink traffic ratio of {1:1}. The baseline downlink-uplink subframe ratio is 6:4 (TDD configuration 1: D S U U D D S U U D). In addition, a packet size of 0.5 Mbytes is considered for the FTP traffic. Dynamic TDD with carrier frequency 4GHz is considered. Here, we assume dynamic TDD is only applicable to the data channel and the DL/UL control channel is aligned for different cells to avoid cross-link interference in the control channel for simplicity.
To observe the impact of different time scales in dynamic TDD, user packet throughput (UPT) and resource unit (RU) is applied as a performance metric. The detailed performance metrics used in this simulation are listed as follows:

· Average user packet throughput
· {5%, 50%, 95%} user throughput
· RU 
3.2 Evaluation results and analysis
In this section, some simulation results for some typical traffic ratios are provided, e.g., DL and UL performance of different TDD cases with traffic ratio {1:1}, {1:2}, {2:1},{4:1} in low, medium and high load. Among them, fixed ratio of UL-DL subframes are the baseline for static TDD. In duplexing flexibility, schedulers can change its subframe direction based on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, the resource is assigned for DL transmission. Otherwise, UL transmission resource is allocated.
Form Table 1 to Table 5, we provide the evaluation results on 4GHz carrier frequency. From the simulation results it can be observed that dynamic TDD can achieve better UPT performance than static TDD in low load case, but the performance cannot be well guaranteed in medium and high load cases due to serious CLI. However, dynamic TDD with sensing can have significant improvement for UL and DL performance in any load cases such as low, medium and high load.
In addition, the simulation results also show that static TDD cannot well adapt to dynamic change of uplink and downlink traffic load ratios due to the fixed ratio of UL-DL subframes. Dynamic TDD can adapt to dynamic change of uplink and downlink traffic load ratios, but the system performance may be degraded due to strong CLI. However, dynamic TDD with sensing can not only adapt to dynamic change of uplink and downlink traffic load ratios, but also can achieve CLI mitigation, so that the system performance can be improved.
Table 1: Indoor Hotspot Scenario, 4GHz, Traffic ratio {1:1}, Different TDD Feature, DL and UL Performance 
	Indoor Hotspot Scenario@4GHz

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)

	1:1
Low Load
	Static TDD
	9.126 
	76.851 
	102.589 
	72.172 
	100.000 
	2.392 
	6.180 
	51.965 
	77.426 
	47.856 
	99.676 
	2.950 

	
	Dynamic TDD
	3.997

-56.20%
	124.085

+61.46%
	166.667

+62.46%
	113.177

+56.82%
	100.000 
	2.435 
	1.117

-81.93%
	89.651

+72.59%
	145.503

+87.93%
	83.757

+75.02%
	98.835 
	3.452 

	
	Dynamic TDD with sensing (-82dBm)
	15.828

+73.44%
	120.338

+56.59%
	166.667

+62.46%
	112.642

+56.07%
	100.000 
	1.819 
	15.119

+144.64%
	128.444

+147.17%
	190.476

+146.01%
	117.867

+146.30%
	99.813 
	2.599 

	1:1
Medium

Load
	Static TDD
	10.998 
	49.592 
	91.719 
	50.797 
	98.959 
	8.652 
	0.676 
	5.891 
	26.780 
	9.089 
	85.150 
	24.836 

	
	Dynamic TDD
	0.837

-92.39%
	14.906

-69.94%
	71.959

-21.54%
	23.401

-53.93%
	82.593 
	21.228 
	1.039

+53.70%
	7.898

+34.07%
	50.561

+88.80%
	14.953

+64.52%
	81.671 
	42.328 

	
	Dynamic TDD with sensing (-82dBm)
	10.947

-0.47%
	45.525

-8.20%
	99.5845

+8.58%
	49.364

-2.82%
	99.700 
	9.697 
	2.249

+232.69%
	32.481

+451.37%
	112.558

+320.31%
	40.453

+345.08%
	98.123 
	24.770 

	1:1
High Load
	Static TDD
	10.068 
	38.041 
	73.063 
	39.584 
	98.771 
	13.338 
	0.428 
	3.107 
	18.305 
	5.615 
	71.705 
	31.335 

	
	Dynamic TDD
	0.478

-95.25%
	7.345

-80.69%
	44.651

-38.89%
	13.34

-66.30%
	74.448 
	25.439 
	0.699

+63.32%
	5.726

+84.29%
	34.822

+90.23%
	11.089

+97.49%
	70.231 
	48.062 

	
	Dynamic TDD with sensing (-82dBm)
	4.538

-54.93%
	20.447

-46.25%
	50.660

-30.66%
	23.455

-40.74%
	98.515 
	17.984 
	0.826

+92.99%
	6.53

+110.17%
	45.142

+146.61%
	13.256

+138.08%
	80.872 
	46.681 

	Note1
- schemes
    - Static TDD ： The ratio of UL-DL subframes is fixed and the same subframe ratios is used by all nodes in the network . The scheme is the baseline.
    - Dynamic TDD：The change of transmission direction/transmission direction is dependent on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, the resource is assigned for DL transmission. Otherwise, UL transmission resource is allocated. 
    - Dynamic TDD with sensing：The method of dynamic TDD is used along with a sensing operation at the gNB or UE before DL transmission (e.g. the UE performs sensing on the DL slot, if successful the UE can transmit its UL traffic on the DL slot) or UL transmission (e.g. the gNB performs sensing on the UL slot, if successful the gNB can transmit its DL traffic on the UL slot). 
-  FTP model 3 with 0.5Mbytes
-  Carrier frequency： 4.0GHz
-  BS antenna configurations： Omni antenna model, (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1)
-  λ(files/s): 0.12, 0.2, 0.24. 
Note2
- RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources  (irrespective of link directions).
- DL and UL Performance for different TDD cases     


Table 2: Indoor Hotspot Scenario, 4GHz, Traffic ratio {1:2}, Different TDD Feature, DL and UL Performance 
	Indoor Hotspot Scenario@4GHz

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)

	1:2
Low Load
	Static TDD
	23.872
	97.5215
	105.263
	73.673
	100
	1.1115
	3.0015
	25.447
	66.958
	26.9695
	98.518
	10.729

	
	Dynamic TDD
	0.769

-96.78%
	104.728

+7.39%
	166.667

+58.33%
	91.242

+23.85%
	99.477
	1.758
	6.367

+112.13%
	78.603

+208.89%
	129.62

+93.58%
	74.386

+175.82%
	99.207
	7.054

	
	Dynamic TDD with sensing (-82dBm)
	23.558

-1.32%
	104.133

+6.78%
	166.667

+58.34%
	91.279

+23.90%
	99.477
	1.244
	17.344

+477.84%
	121.459

+377.38%
	190.476

+184.47%
	119.151

+341.80%
	99.631
	5.486

	1:2
Medium

Load
	Static TDD
	9.282
	73.007
	102.339
	68.119
	99.591
	3.203
	0.321
	3.919
	22.025
	6.895
	65.737
	31.960 

	
	Dynamic TDD
	0.295

-96.82%
	6.777

-90.72%
	104.855

+2.46%
	24.608

-63.88%
	75.477
	11.742
	1.401

+336.45%
	12.308

+214.06%
	48.563

+120.49%
	17.226

+149.83%
	88.323
	51.073

	
	Dynamic TDD with sensing (-62dBm)
	2.296

-75.26%
	39.966

-45.26%
	112.835

+10.26%
	46.271

-32.04%
	98.652
	5.133
	7.361

+2193.15%
	33.769

+761.67%
	75.961

+244.89%
	37.919

+449.95%
	93.583
	38.152

	1:2
High Load
	Static TDD
	4.586
	63.217
	101.282
	62.258
	99.481
	4.941
	0.03
	1.819
	13.703
	3.627
	51.982
	34.173

	
	Dynamic TDD
	0.021

-99.54%
	2.871

-95.46%
	46.611

-53.98%
	11.092

-82.18%
	60.684
	12.572
	1.09

+3533.33%
	5.187

+185.16%
	29.007

+111.68%
	9.636

+165.67%
	80.153
	59.698

	
	Dynamic TDD with sensing (-62dBm)
	1.497

-67.36%
	24.441

-61.34%
	66.887

-33.96%
	28.693

-53.91%
	98.218
	7.881
	0.884

+2846.27%
	10.318

+467.63%
	44.152

+222.21%
	15.793

+335.43%
	80.044
	55.342

	Note1
- schemes
    - Static TDD ： The ratio of UL-DL subframes is fixed and the same subframe ratios is used by all nodes in the network . The scheme is the baseline.
    - Dynamic TDD：The change of transmission direction/transmission direction is dependent on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, the resource is assigned for DL transmission. Otherwise, UL transmission resource is allocated.
    - Dynamic TDD with sensing：The method of dynamic TDD is used along with a sensing operation at the gNB or UE before DL transmission (e.g. the UE performs sensing on the DL slot, if successful the UE can transmit its UL traffic on the DL slot) or UL transmission (e.g. the gNB performs sensing on the UL slot, if successful the gNB can transmit its DL traffic on the UL slot). 
-  FTP model 3 with 0.5Mbytes
-  Carrier frequency： 4.0GHz
-  BS antenna configurations： Omni antenna model, (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1)
-  λ(files/s): 0.12, 0.2, 0.24. 
Note2
- RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources  (irrespective of link directions).
- DL and UL Performance for different TDD cases     


Table 3: Indoor Hotspot Scenario, 4GHz, Traffic ratio {2:1}, Different TDD Feature, DL and UL Performance 
	Indoor Hotspot Scenario@4GHz

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)

	2:1
Low Load
	Static TDD
	4.586
	63.217
	101.282
	62.258
	99.481
	4.941
	17.919
	59.576
	78.431
	48.949
	100.000 
	1.849

	
	Dynamic TDD
	3.221
-29.76%
	112.833
+78.49%
	166.667
+64.56%
	108.641
+74.50%
	99.481
	3.890 
	1.007
-94.38%
	81.165
+36.24%
	136.302
+73.79%
	70.146
+43.30%
	98.514
	2.971

	
	Dynamic TDD with sensing (-82dBm)
	8.408
+83.34%
	115.055
+82.00%
	166.667
+64.56%
	110.899
+78.13%
	100.000 
	3.371
	23.334
+30.22%
	112.837
+89.40%
	190.476
+142.86%
	101.786
+107.94%
	99.719
	1.756

	2:1
Medium

Load
	Static TDD
	3.015
	12.512
	38.309
	16.194
	97.729
	27.954
	5.142
	44.087
	76.933
	42.145
	99.497
	4.551

	
	Dynamic TDD
	0.959
-68.19%
	15.228
+21.71%
	61.738
+61.16%
	21.636
+33.61%
	89.607
	35.584
	0.148
-97.12%
	3.858
-91.25%
	67.643
-12.08%
	14.832
-64.81%
	72.187
	29.808

	
	Dynamic TDD with sensing (-82dBm)
	9.589
+218.04%
	38.376
+206.71%
	81.761
+113.43%
	41.415
+115.75%
	98.603
	18.386
	5.598
+8.87%
	44.853
+1.74%
	105.75
+37.46%
	48.244
+14.47%
	99.267
	8.071

	2:1
High Load
	Static TDD
	1.600 
	8.945
	32.201
	12.274
	93.387
	35.275
	2.809
	21.462
	52.422
	22.536
	97.627
	12.805

	
	Dynamic TDD
	0.818
-48.88%
	4.388
-50.94%
	34.272
+6.43%
	9.486
-22.71%
	85.414
	42.485
	0.150
-94.66%
	2.118
-90.13%
	21.088
-59.77%
	6.280
-72.13%
	55.427
	33.121

	
	Dynamic TDD with sensing (-82dBm)
	2.633
+64.56%
	18.797
+110.14%
	64.608
+100.64%
	25.659
+109.05%
	94.927
	29.331
	1.966
-30.01%
	21.917
+2.12%
	73.779
+40.75%
	27.811
+23.41%
	93.909
	18.353

	Note1
- schemes
    - Static TDD ：The ratio of UL-DL subframes is fixed and the same subframe ratios are used by all nodes in the network. The scheme is the baseline.
    - Dynamic TDD：The change of transmission direction/transmission direction is dependent on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, the resource is assigned for DL transmission. Otherwise, UL transmission resource is allocated.
    - Dynamic TDD with sensing：The method of dynamic TDD is used along with a sensing operation at the gNB or UE before DL transmission (e.g. the UE performs sensing on the DL slot, if successful the UE can transmit its UL traffic on the DL slot) or UL transmission (e.g. the gNB performs sensing on the UL slot, if successful the gNB can transmit its DL traffic on the UL slot). 
-  FTP model 3 with 0.5Mbytes
-  Carrier frequency： 4.0GHz
-  BS antenna configurations： Omni antenna model, (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1)
-  λ(files/s): 0.12, 0.2, 0.24. 
Note2
- RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions).
- DL and UL Performance for different TDD cases     


Table 4: Indoor Hotspot Scenario, 4GHz, Traffic ratio {4:1}, Different TDD Feature, DL and UL Performance
	Indoor Hotspot Scenario@4GHz

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)

	4:1
Low Load
	Static TDD
	10.188
	55.449
	100
	54.548
	99.018
	7.234
	15.035
	64.256
	78.431
	44.698
	100.000 
	0.774

	
	Dynamic TDD
	35.994

+253.30%
	113.156

+104.07%
	166.667

+66.70%
	111.77

+104.90%
	99.565
	4.806
	0.66

-95.61%
	47.066

-26.75%
	140.741

+79.45%
	57.703

+29.10%
	99.194
	1.724

	
	Dynamic TDD with sensing(-82dBm)
	19.981

+96.12%
	110.718

+99.68%
	166.667

+66.70%
	107.292

+96.69%
	99.127
	4.454
	9.946

-33.85%
	80.808

+25.76%
	190.476

+142.86%
	80.909

+81.01%
	99.621
	1.068

	4:1
Medium

Load
	Static TDD
	1.356
	7.325
	29.525
	10.762
	90.683
	37.356
	11.317
	61.446
	78.431
	49.926
	99.813
	1.398

	
	Dynamic TDD
	2.535

+86.95%
	15.915

+117.27%
	51.736

+75.23%
	19.941

+85.29%
	94.331
	42.551
	0.126

-98.89%
	2.039

-96.68%
	57.594

-26.57%
	12.334

-75.30%
	69.854
	19.402

	
	Dynamic TDD with sensing(-82dBm)
	4.268

+214.75%
	17.770

+142.59%
	50.235

+70.14%
	21.713

+101.76%
	94.911
	34.864
	5.579

-50.70%
	42.787

-30.37%
	88.156

+12.40%
	41.917

-16.04%
	99.278
	2.727

	4:1
High Load
	Static TDD
	0.747
	3.033
	18.843
	5.683
	81.411
	43.615
	7.535
	54.805
	77.705
	48.058
	100
	2.289

	
	Dynamic TDD
	1.178

+57.70%
	4.746

+56.48%
	31.702

+68.24%
	8.683

+52.79%
	92.07
	55.016
	0.085

-98.87%
	0.78

-98.58%
	18.262

-76.50%
	4.42

-90.80%
	46.082
	20.761

	
	Dynamic TDD with sensing(-82dBm)
	1.095

+46.59%
	5.753

+89.68%
	32.587

+72.94%
	9.731

+71.23%
	86.867
	44.894
	2.644

-64.91%
	38.36

-30.01%
	67.817

-12.73%
	35.467

-26.20%
	99.151
	3.846

	Note1
- schemes
    - Static TDD ：The ratio of UL-DL subframes is fixed and the same subframe ratios are used by all nodes in the network. The scheme is the baseline.
    - Dynamic TDD：The change of transmission direction/transmission direction is dependent on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, the resource is assigned for DL transmission. Otherwise, UL transmission resource is allocated.
    - Dynamic TDD with sensing：The method of dynamic TDD is used along with a sensing operation at the gNB or UE before DL transmission (e.g. the UE performs sensing on the DL slot, if successful the UE can transmit its UL traffic on the DL slot) or UL transmission (e.g. the gNB performs sensing on the UL slot, if successful the gNB can transmit its DL traffic on the UL slot). 
-  FTP model 3 with 0.5Mbytes
-  Carrier frequency： 4.0GHz
-  BS antenna configurations： Omni antenna model, (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1)
-  λ(files/s): 0.12, 0.2, 0.24. 
Note2
- RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions).
- DL and UL Performance for different TDD cases     


Table 5: Additional observations for Indoor Hotspot scenario
	Comparison Type
	DL:UL traffic ratio
	Is UPT improved by Duplexing flexibility?

	
	
	Low RU
	Medium RU
	High RU

	
	
	5th%-ile UPT
	Mean UPT
	Served /offered traffic
	5th%-ile UPT
	Mean UPT
	Served /offered traffic
	5th% -ile UPT
	Mean UPT
	Served /offered traffic

	Comparison A(@4GHz) 
	1:1

1:2

2:1
4:1
	NO
Mix(UL+)

No
Mix(DL+)
	Yes
Yes
Yes
Yes
	0.98
0.99
0.98
0.99
	Mix(UL+)
Mix(UL+)

No
Mix(DL+)
	Mix(UL+)

Mix(UL+)

Mix(DL+)
Mix(DL+)
	0.81
0.88
0.72
0.69
	Mix(UL+)

Mix(UL+)

No
Mix(DL+)
	Mix(UL+)

Mix(UL+)

No
Mix(DL+)
	0.70
0.80
0.55
0.46

	Comparison B(@4GHz)
- CLI mitigation based on sensing
	1:1

1:2

2:1
4:1
	Yes
Mix(UL+)

Yes
Mix(DL+)
	Yes
Yes

Yes
Yes
	0.99
0.99
0.99
0.99
	Mix(UL+)

Mix(UL+)

Yes
Mix(DL+)
	Mix(UL+)

Mix(UL+)

Yes
Mix(DL+)
	0.98
0.93
0.99
0.99
	Mix(UL+)

Mix(UL+)

Mix(DL+)

Mix(DL+)
	Mix(UL+)

Mix(UL+)

Yes
Mix(DL+)
	0.80
0.80

0.93
0.99

	Comparison C(@4GHz)
- CLI mitigation based on sensing
	1:1

1:2

2:1
4:1
	Yes
Yes
Yes
Mix(UL+)
	Mix(UL+)

Yes
Yes
Mix(UL+)
	0.99
0.99
0.99
0.99
	Yes
Yes
Yes
Yes
	Yes
Yes
Yes
Yes
	0.98
0.93
0.99
0.99
	Yes
Mix(DL+)
Yes
Mix(UL+)
	Yes
Yes
Yes
Yes
	0.80
0.80
0.93
0.99

	Notes:

Comparison A: Gain in UPT with Duplexing flexibility without CLI mitigation schemes as compared to Static DL/UL resource partition

Comparison B: Gain in UPT with Duplexing flexibility with CLI mitigation schemes as compared to Static DL/UL resource partition

Comparison C: Gain in UPT with Duplexing flexibility with CLI mitigation schemes as compared to Duplexing flexibility without CLI mitigation schemes

Mix(DL+): Gain in DL UPT, Loss in UL UPT

Mix(UL+): Loss in DL UPT, Gain in UL UPT 

Low, Medium, High RU: For baseline scheme: 25, 50 and 80%, respectively as in Table 1-4 




Observation 1: The simulation results show that duplexing flexibility with sensing based scheme on 4GHz provides better UPT performance compared to static TDD and dynamic TDD without CLI mitigation scheme.

Observation 2: The simulation results show that dynamic TDD without CLI mitigation scheme on 4GHz provides better UPT performance compared to static TDD at least for some traffic load cases.
Based on the above observations, the sensing based scheme would be a promising interference mitigation method. 
Proposal 1: Sensing based interference mitigation method should be supported in dynamic TDD system.
4 Conclusion 
In this contribution, some simulation results in indoor hotspot scenario are given and discussion. With the discussion and simulation results, we have the following proposals and observations:
Observation 1: The simulation results show that duplexing flexibility with sensing based scheme on 4GHz provides better UPT performance compared to static TDD and dynamic TDD without CLI mitigation scheme.

Observation 2: The simulation results show that dynamic TDD without CLI mitigation scheme on 4GHz provides better UPT performance compared to static TDD at least for some traffic load cases.
Proposal 1: Sensing based interference mitigation method should be supported in dynamic TDD system.
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6 Appendix

Table I: Simulation assumptions
	Parameters
	Indoor scenario

	Layout
	Indoor floor: (12 BSs per 120m X 50m)

	Inter-BS distance
	20m

	Minimum BS-UE (2D) distance
	0m

	Minimum UE-UE (2D) distance
	3m

	System bandwidth
	20MHz per CC

	Carrier frequency
	4.0GHz

	Number of carriers
	1

	BS TX power
	24 dBm

	UE TX power
	23 dBm

	Channel model
	TRP-to-UE: ITU InH

TRP-to-TRP: ITU InH
UE-to-UE: A.2.1.2 in TR36.843

	BS antenna
	Omni antenna model; (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1); 2Tx, 2Rx

	BS antenna height:
	3m

	UE antenna
	Omni; 2Tx, 2Rx

	UE antenna height
	1.5m

	eNB antenna element gain
	5dBi

	Antenna gain of UE
	0 dBi

	UE distribution
	10 users per TRP; 100% indoor (3km/h)

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE power control
	Full power

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes

	Traffic load
	Downlink and uplink traffic ratios = {2:1},{1:1},{1:2},{4,1}

	Static TDD configuration
	Configuration 1(DL:UL= 6:4)
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