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1 Introduction
In 3GPP RAN1 #86[1], the evaluation methodology for dynamic TDD was discussed and the following WFs were agreed:

Agreement:

· The WF in R1-168053 [2] is agreed, with the following updates:

· Channel model: 

· Current entries are used as a starting point

· Can further discussion whether or not to update the channel model

· Traffic model

· Add optional DL/UL ratio of 1:1

· Add one more packet size of 2Mbtyes

· Add “other FTP model is not precluded”

· UE receive noise figure:

· Update according to last meeting’s agreements on the noise figures (i.e., 10dB vs. 13dB)

· Layout

· Add: FFS other cluster dropping models for dense Urban
Agreement:

· Slide 2 in R1-168372 [3] is agreed with the following update:

· The following assumption is used as starting point for flexible duplex evaluation, and further update might be made.

Agreement:

· R1-168373 [4] is agreed with the following update:

· The following assumption is used as starting point for flexible duplex evaluation, and further update might be made.
In 3GPP RAN1 #87 [5], the following agreement were reached.
Agreements: 
· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:

· Advanced receiver for interference cancellation/suppression 

· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)

· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)

· Link adaptation
· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.

· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 

· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement

· Study metric(s) to be used for CLI measurement, e.g., RSRP

· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)

· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP
In 3GPP RAN1 AH_NR#1 [6], the performance evaluation of multiple schemes was discussed and the following WFs were agreed:
Conclusion:

· Discuss further offline on how to capture performance evaluation results – Zukang (Huawei). Revisit later this week. 

· Companies are encouraged to further update the evaluation results
Conclusion:

· The WF in R1-1701329[7] is agreed

· Companies are encouraged to perform evaluations under various RU percentage values

· Note: the RU for a link direction (DL or UL) herein is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions)

· Companies should also report assumptions regarding backhaul

· In performing evaluations for flexible duplexing operation, companies should take into account additional overhead for the operation.
Conclusion:

· The proposal of adding a note as in R1-1700087[8] is agreed
To evaluate the feasibility and/or gain of sensing based schemes for cross-link interference mitigation in NR deployment scenarios such as indoor hotspot, system-level evaluations should be conducted based on the agreed evaluation assumptions. In this contribution, some preliminary simulation results for the indoor hotspot scenario are given and discussed. 
2 Modeling of cross-link interference (CLI) mitigation
In the dynamic TDD system, cross-link interference 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, cross-link interference will severely degrade the potential performance resulted from flexible resource allocation, especially for the cases with dense gNB or UE deployment. Therefore, some preliminary CIM 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 [9]. To be specific, gNB or UE perform channel sensing operation before transmission to mitigate/avoid cross-link interference. In addition, to enable a proper handling of cross-link interference, 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 long term based measurements, the cross-link interference can be handled by statistical measurement value, e.g., busy/idle rate of channel sensing. If the ratio of the channel sensing idle/busy is greater than a threshold value, then the slot(s)/subframe(s) is without or with serious interference.

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.
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 cross-link interference 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 incoming traffic and the scheduler decisions and any subframe can transmit DL or UL traffic.

Operation based on dynamic TDD is expected to result in so-called cross-link interference 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} 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. 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) cumulative distribution function (CDF) 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
This section provides some evaluation results for some typical cases, such as DL and UL performance for different TDD cases, dynamic TDD with different sensing threshold values and different TDD cases with different DL and UL traffic ratio. Among them, fixed ratio of UL-DL subframes is the baseline for static/legacy LTE TDD. While for dynamic TDD, schedulers can change its subframe direction according to the size of traffic load. Compared with the dynamic TDD, dynamic TDD with sensing operation can reduce the probability of cross-link interference between DL and UL. More details are as follows:
· Case 1: DL and UL Performance for different TDD cases
The DL and UL performance of different TDD cases under low load, medium load and high load are shown in tables 1-3, respectively. In each table, we compare the throughput gain in uplink and downlink for static TDD, dynamic TDD and dynamic TDD with sensing. 
As can be seen from tables 1-3, for static TDD, the downlink-uplink subframe ratio of the configuration is not aligned well to the downlink and uplink offered traffic ratio, this will lead to a decline in system performance to some extent. Dynamic TDD attempts to address this issue by flexible resource allocation (e.g., DL or UL). However, the DL-to-UL interference affects the UL performance and vice versa. Without interference mitigation schemes, dynamic TDD case improves uplink and/or downlink performance compare to the static TDD case. But the dynamic TDD case causes a significant degradation in the uplink, especially in the medium load case which fall from 47.544 to 19.819 Mbps as well as in the high load case which fall from 27.763 to 7.740 Mbps. Interference mitigation helps improve the system performance to some extent, especially for uplink. In contrast, interference mitigation schemes based sensing can further mitigate cross-link interference, thereby protecting the uplink transmission. This results in a higher downlink throughput without sacrificing uplink throughput.
Table 1: DL and UL Performance for different TDD cases in low load
	TDD Cases
	Static TDD
	Dynamic TDD
	Dynamic TDD with sensing

	DL

UPT CDF

[Mbps]
	5%
	4.586 
	3.221 
	5.053 

	
	50%
	63.217 
	112.833 
	117.488 

	
	95%
	101.282 
	166.667 
	166.667 

	
	Mean
	62.258 
	108.641 
	111.471 

	DL RU (%)
	RU
	8.893 
	4.409 
	3.245 

	UL

UPT CDF

[Mbps]
	5%
	17.921 
	1.007 
	1.617 

	
	50%
	58.111 
	81.165 
	90.938 

	
	95%
	78.431 
	136.302 
	145.156 

	
	Mean
	48.864 
	70.146 
	78.326 

	UL RU (%)
	RU
	4.161 
	26.714 
	21.557 

	𝜆 (files/s)
	0.12


Table 2: DL and UL Performance for different TDD cases in medium load
	TDD Cases
	Static TDD
	Dynamic TDD
	Dynamic TDD with sensing

	DL

UPT CDF

[Mbps]
	5%
	10.068 
	2.097 
	13.176 

	
	50%
	38.041 
	30.192 
	72.017 

	
	95%
	73.063 
	71.412 
	128.036 

	
	Mean
	39.584 
	33.620 
	73.816 

	DL RU (%)
	RU
	24.007 
	42.827 
	8.392 

	UL

UPT CDF

[Mbps]
	5%
	5.761 
	0.452 
	1.341 

	
	50%
	53.276 
	12.219 
	54.333 

	
	95%
	77.692 
	62.582 
	131.061 

	
	Mean
	47.544 
	19.819 
	57.072 

	UL RU (%)
	RU
	7.834 
	65.205 
	25.074 

	𝜆 (files/s)
	0.18


Table 3: DL and UL Performance for different TDD cases in high load
	TDD Cases
	Static TDD
	Dynamic TDD
	Dynamic TDD with sensing

	DL

UPT CDF

[Mbps]
	5%
	1.924
	0.966 
	3.001 

	
	50%
	13.855
	5.863 
	20.096 

	
	95%
	42.626
	40.882 
	67.373 

	
	Mean
	16.985
	12.047 
	27.352 

	DL RU (%)
	RU
	54.438
	68.463  
	48.454  

	UL

UPT CDF

[Mbps]
	5%
	3.170
	0. 278
	1.977 

	
	50%
	27.948
	2.338 
	20.159 

	
	95%
	58.460
	25.798 
	81.920 

	
	Mean
	27.763
	7.740 
	27.541 

	UL RU (%)
	RU
	21.444  
	72.267  
	47.894 

	𝜆 (files/s)
	0.24


Observation 1: Duplexing flexibility with cross-link interference mitigation can improve the DL and UL performance in indoor hotspot scenario.

Proposal 1: Sensing based schemes should be considered for dynamic TDD interference mitigation in NR.
· Case 2: DL and UL Performance for dynamic TDD with different sensing Threshold values
The DL and UL performance for dynamic TDD with different sensing Threshold values under low load and medium load are shown in Table 4 and 5, respectively. In each table, we compare the throughput gain in uplink and downlink for different threshold values such as -30dBm, -42dBm, -54dBm, -62dBm and infinite. For (e)LAA, CCA/LBT threshold need to satisfy regulatory requirements to realize fairness coexistence among different systems, while for license carriers, sensing threshold selection cannot follow the above regulatory requirements. The simulation results show that the system performance is different with different sensing Threshold values. Among them, when the threshold value is near -42dBm, the system performance is better. Based on this, to improve system performance, it is necessary to further study the effects of different sensing Threshold values, thereby select a proper sensing threshold.
Table 4: DL and UL Performance for dynamic TDD with different sensing Threshold in low load

	Sensing Threshold
	-30dBm
	-42dBm
	-54dBm
	-62dBm
	Infinite

	DL

UPT CDF

[Mbps]
	5%
	2.582 
	5.053 
	7.127 
	2.399 
	4.586 

	
	50%
	114.876 
	117.488 
	110.225 
	106.453 
	63.217 

	
	95%
	166.667 
	166.667 
	166.667 
	166.667 
	101.282 

	
	Mean
	110.640 
	111.471 
	105.062 
	103.744 
	62.258 

	DL RU (%)
	RU
	4.281 
	3.245 
	2.997 
	2.989 
	8.893 

	UL

UPT CDF

[Mbps]
	5%
	1.590 
	1.617 
	1.514 
	1.771 
	17.921 

	
	50%
	81.868 
	90.938 
	99.088 
	101.631 
	58.111 

	
	95%
	145.834 
	145.156 
	145.503 
	148.893 
	78.431 

	
	Mean
	72.157 
	78.326 
	83.413 
	84.805 
	48.864 

	UL RU (%)
	RU
	24.570 
	21.557 
	23.687 
	16.135 
	4.161 

	𝜆 (files/s)
	0.12


Table 5: DL and UL Performance for dynamic TDD with different sensing Threshold in medium load
	Sensing Threshold
	-30dBm
	-42dBm
	-54dBm
	-62dBm
	Infinite

	DL

UPT CDF

[Mbps]
	5%
	2.595 
	13.176 
	7.354 
	6.036 
	10.068 

	
	50%
	28.109 
	72.017 
	41.115 
	34.503 
	38.041 

	
	95%
	73.877 
	128.036 
	101.607 
	85.183 
	73.063 

	
	Mean
	33.313 
	73.816 
	47.531 
	39.178 
	39.584 

	DL RU (%)
	RU
	44.398 
	8.392 
	9.421 
	9.541 
	24.007 

	UL

UPT CDF

[Mbps]
	5%
	0.243 
	1.341 
	1.558 
	0.748 
	5.761 

	
	50%
	9.378 
	54.333 
	54.282 
	41.543 
	53.276 

	
	95%
	84.517 
	131.061 
	131.042 
	130.636 
	77.692 

	
	Mean
	22.246 
	57.072 
	57.678 
	51.027 
	47.544 

	UL RU (%)
	RU
	63.830 
	25.074 
	24.475 
	29.496 
	7.834 

	𝜆 (files/s)
	0.18


Proposal 2: Different sensing Threshold values should be considered to be further studied to improve system performance.
· Case 3: DL and UL Performance for different TDD cases with different DL and UL traffic ratio
DL and UL performance for different TDD cases with different DL and UL traffic ratios are shown in Table 6. In Table 6, we compare the throughput gain in uplink and downlink for different TDD cases such as static TDD and dynamic TDD with sensing. The simulation results show that compared with static TDD, dynamic TDD with sensing can adapt to dynamic change of uplink and downlink traffic load ratios, in order to achieve more balanced UL/DL resources usage as well as uplink and downlink performance.

Table 6: DL and UL Performance for different TDD cases with different DL and UL traffic ratio
	Parameter
	DL and UL traffic ratio
	Static TDD
	Dynamic TDD with sensing

	DL

UPT CDF

[Mbps]
	5%
	1:1
	17.621 
	1.495 

	
	
	4:1
	1.924
	2.267

	
	50%
	1:1
	54.549 
	14.883 

	
	
	4:1
	13.855
	26.330

	
	95%
	1:1
	100.000 
	79.210 

	
	
	4:1
	42.626
	77.781

	
	Mean
	1:1
	54.557 
	25.051 

	
	
	4:1
	16.985
	29.607 

	DL RU (%)
	RU
	1:1
	13.047  
	11.838  

	
	
	4:1
	54.438
	21.694

	UL

UPT CDF

[Mbps]
	5%
	1:1
	0.756 
	0.911 

	
	
	4:1
	13.092
	0.175

	
	50%
	1:1
	5.525 
	18.340 

	
	
	4:1
	68.505
	2.007

	
	95%
	1:1
	23.060 
	59.390 

	
	
	4:1
	78.431
	114.286

	
	Mean
	1:1
	7.978 
	23.403 

	
	
	4:1
	52.099
	24.016

	UL RU (%)
	RU
	1:1
	57.351  
	65.080

	
	
	4:1
	3.170  
	41.977

	𝜆 (files/s)
	0.20


Observation2: Compared with static TDD, dynamic TDD with sensing can adapt to dynamic change of uplink   and downlink traffic load ratios, so that to achieve more balanced UL/DL resources usage as well as uplink and downlink performance.
4 Conclusion 
In this contribution, some preliminary simulation results in indoor hotspot scenario are given and discussion. With the discussion and simulation results, we have the following proposals:
Observation 1: Duplexing flexibility with cross-link interference mitigation can improve the DL and UL performance in indoor hotspot scenario.

Proposal 1: Sensing based schemes should be considered for dynamic TDD interference mitigation in NR.
Proposal 2: Different sensing Threshold values should be considered to be further studied to improve system performance.
Observation 2: Compared with static TDD, dynamic TDD with sensing can adapt to dynamic change of uplink and downlink traffic load ratios, so that to achieve more balanced UL/DL resources usage as well as uplink and downlink performance.
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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},{4,1}

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