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Introduction
At the RAN1 #84b meeting, several agreements were reached regarding frame structure and dynamic TDD for new radio interface [1], including 
	Agreements:
· Study frame structure(s) supporting at least 
· FDD duplex arrangement
· TDD duplex arrangement
· Downlink transmission
· Uplink transmission
· Sidelink transmission
· Access link
· Backhaul/relay link
· Stand alone operation in licensed band
· Non stand alone operation in licensed band
· Licensed-assisted operation in unlicensed band
· Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval
· Study enhanced massive MIMO analog/digital/hybrid beam-forming 
· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access
· Study flexible duplex



In this contribution, we present our views regarding dynamic TDD for NR. We believe that dynamic TDD will be an important feature of NR, not only because of its performance gain, but also because of its high affinity to forward compatibility. In order to identify applicable scenarios of dynamic TDD and necessary and specific enhancements, we propose to conduct system level evaluations under some typical NR deployment scenarios. We show our views on the evaluation methodology for dynamic TDD in NR. In addition, some initial evaluation results of dynamic TDD are provided. 

Motivation for Dynamic TDD Evaluation
2.1 Necessity /benefits of dynamic TDD in NR
Unpaired spectrum allocations are increasingly common at higher carrier frequencies. In addition, with increasing focus on small-cell deployment, the number of active users per cell may be small and hence the traffic varies largely compared to a large cell. Dynamic TDD is a promising method to realize fast traffic adaptation and to ensure forward compatibility for NR, especially at unpaired higher carrier frequencies. So far, dynamic TDD was introduced for LTE as eIMTA, in which case the TDD UL-DL configuration in each cell can be changed dynamically by L1 signaling per radio-frame basis according to the DL/UL traffic ratio. However, this switching is only limited to the seven configurations which were defined in Rel. 8 LTE [2], so that backward compatibility is ensured and additional specification impact can be minimized. On the other hand, NR will be a new radio access technology and therefore can be non-backward compatible. Furthermore, NR shall efficiently support various services like eMBB, URLLC, and mMTC. In addition, forward compatibility for future unknown services should be pursued. Therefore, pre-defined UL-DL patterns for a long time range and limited flexibility in configurations would not be preferable for NR. Considering the necessary flexibility and an unbalanced and dynamic UL/DL traffic on small cell/higher carrier frequency scenarios, by default, the UL/DL transmission should be adaptable to the UL/DL traffic load in a very flexible manner.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: 
· Dynamic TDD should be a default mechanism for NR.

2.2 Important aspects to be investigated
During eIMTA study, it appeared that the LTE dynamic TDD suffers from cross-link interference. In TR36.828 [3], following statements are found:
	· Significant BS-BS co-existence challenges have been observed to apply different TDD UL-DL configurations in different cells for scenarios 1-4 without any interference mitigation mechanisms.
· It is feasible to apply different TDD UL-DL configurations in different cells for scenarios 1 – 4, only provided sufficient interference mitigation mechanisms are adopted. The interference mitigation schemes need further study.
· Significant BS-BS coexistence challenges have been observed when different TDD UL-DL configurations are applied in different cells for scenarios 5-8 without any interference mitigation schemes. Preliminary results with interference mitigation mechanisms were submitted but it has not been discussed. No conclusion on coexistence feasibility with interference mitigation mechanisms has been made.

· Note: 
· Scenario 1: multiple Femto cells deployed on the same carrier frequency
· Scenario 2: multiple Femto cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and Femto cells can adjust UL-DL configuration
· Scenario 3: multiple outdoor Pico cells deployed on the same carrier frequency
· Scenario 4: multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration, 
· Scenario 5: multiple Femto cells and multiple Macro cells deployed on the same carrier frequency where all Macro cells have the same UL-DL configuration and Femto cells can adjust UL-DL configuration
· Scenario 6: multiple outdoor Pico cells and multiple Macro cells deployed on the same carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration
· Scenario 7: multiple Macro cells deployed on the same carrier frequency for one operator and multiple Macro cells deployed on an adjacent carrier frequency for another operator, where all victim Macro cells deployed on the same carrier have the same UL-DL configuration and all aggressor Macro cells deployed on an adjacent carrier frequency can adjust UL-DL configuration
· Scenario 8: multiple Macro cells deployed on the same carrier frequency for one operator


It is not very clear yet whether the same conclusions apply to NR dynamic TDD in typical NR deployment scenarios. Specifically, NR has quite large differences in the following aspects (but not limited to them) from LTE:
· Channel models
· Carrier frequencies
· Wider bandwidths
· Massive MIMO beamforming
· Numerologies and waveforms
Among them, at least higher carrier frequencies, wider bandwidths, and massive MIMO beamforming may have significant impact on characteristics of cross-link interference. Higher carrier frequency results in larger pathloss from neighboring TRP, wider system bandwidth results in lower power spectral density (PSD) of interference signal, and UE-specific beamforming results in further dynamically fluctuated interference signal power. Therefore, impact of cross-link interference may be different at NR deployment scenarios. Depending on the impact of these factors, applicability of dynamic TDD could be different. Therefore, potential impacts of these factors should be extensively studied based on system level evaluations. With its outcome, it can be concluded whether/how interference mitigation schemes need to be introduced.
Proposal 2: 
· System-level evaluation should be conducted to see the impact of NR-specific factors such as higher carrier frequencies, wider system bandwidths, and massive MIMO beamforming on dynamic TDD performance.
· Through the evaluation, it can be identified whether/how additional interference mitigation schemes are necessary.

Evaluation Methodology for Dynamic TDD
3.1 Simulation assumptions
Higher carrier frequencies such as 30GHz should be prioritized for evaluation since this is the main difference from LTE. For higher carrier frequencies, wider system bandwidth such as 100MHz or morefurther wider or >200MHz, would be a reasonable assumption. As can be clearly seen from geometry CDF curves [4], satisfactory SNR/SINR is not achievable at the higher carrier frequency at all and hence, UE-specific beamforming will be an essential default technology. For system-level simulation, these aspects should be taken into account. 
Application of UE-specific beam-forming in a system requires to model scheduler and beam-former in the system level simulator. In other words, unlike eIMTA study, fast fading and dynamic inter-cell interference for interfering TRPs need to be precisely modelled. Considering the evaluation workload and/or simulation running time, some simplifications should be applicable.
For the system-level simulation, assumptions/parameters agreed at the RAN1#85 meeting [1] should be mostly reused as shown in Appendix . In addition, some more details on dynamic TDD evaluation need to be agreed, such as BS-BS link and UE-UE link models. Further discussion is necessary to determine detailed assumptions.
Proposal 3: 
· For the evaluation, higher carrier frequency such as 30GHz with wide system bandwidth such as 100MHz or further wider is prioritized.
· FFS how to model BS-BS link and UE-UE link.

3.2 Performance metrics
The performance metrics should be 5%-tile, 50%-tile user perceived throughput (UPT) in DL and UL. However, at the same time, we should evaluate DL/UL wideband/static signal-to-interference plus noise ratio (SINR) CDF (also known as geometry), and DL/UL SINR CDF assuming eNB scheduler and beam-former:
· DL/UL geometry
· DL/UL SINR
· DL/UL UPT

3.3 Initial evaluation results
Below, we present our initial evaluation results, in which static TDD without cross-link interference and dynamic TDD with cross-link interference are compared in some NR deployment scenarios. DL and UL geometries are measured. For static TDD without cross-link interference, DL geometry is a traditional wideband and static SINR, and UL geometry is measured such that one UE is selected randomly per cell, and the selected UE in each cell is scheduled uplink transmission over the whole bandwidth. For UL, transmit power control parameters P0=70dBm and =0.6 are assumed. For dynamic TDD with cross-link interference, the similar SINR calculation applies; however, in order to simulate cross-link interference, DL or UL is simply randomly determined per cell, with un-equal DL and UL selection ratio, DL:UL=4:1. UL TPC parameters are identical to the case of static TDD. BS-BS link and UE-UE link are tentatively modelled as follows: in indoor hotspot scenario, the BS-BS link and UE-UE link are modeled based on the indoor to indoor model for the given channel model. For urban macro, BS-BS link is modeled based on the outdoor to outdoor model in thefor given channel model. For UE-UE link in the urban macro scenario, the link model depends on the type of receiving UE. If the UE is an outdoor UE, the UE-UE link is modeled based on outdoor to outdoor model in thefor given channel model. If the UE is an indoor UE, the UE-UE link is modeled based on the outdoor to indoor model in thefor given channel model. Figures 1 - 6 show the DL and UL geometries in the NR indoor hotspot scenario. In Figs. 1 and 2, system bandwidth of 100MHz, 200MHz, and 400MHz, are assumed at carrier frequency of 30GHz. It can be seen from these figures that DL geometry of both static TDD and dynamic TDD, and UL geometry of static TDD, are almost not influenced by the system bandwidths. This is because all the UEs are highly interference limited in indoor scenario. However, UL geometry of dynamic TDD will be better with wider system bandwidth. This is because wider system bandwidth results in lower PSD of interference signal, especially for BS-BS interference. 
In Figs. 3 and 4, carrier frequencies of 4GHz, 6GHz, and 30GHz, are assumed with the system bandwidth of 200MHz. It can be seen from the figures that DL geometry of both static TDD and dynamic TDD, and UL geometry of static TDD is worse for higher carrier frequency. This is because lager pathloss at higher carrier frequency, resulting in SNR degradation. However, the UL geometry performance for dynamic TDD becomes better with higher carrier frequency. This is because higher carrier frequency results in larger pathloss from neighboring TRP, leading to SIR improvement. The results at 4GHz and 6GHz carrier frequencies do not present similar tendency except for UL geometry of dynamic TDD. This is because of channel model difference used for below 6GHz and above 6GHz.
In Figs. 5 and 6, different traffic load between DL and UL is simulated. For this, we compare the dynamic TDD with equal (DL:UL = 1:1) and un-equal (DL:UL = 4:1) probabilities of DL/UL selection for all cells. Note that the same measurement method for DL and UL geometries is used. It can be seen from the figures that DL geometry of dynamic TDD with both equal and un-equal traffics is better than static TDD. Furthermore, DL geometry of dynamic TDD with equal (DL:UL = 1:1) traffic is better than that with un-equal (DL:UL = 4:1) traffic. This is because UE-UE interference is less than that of BS-UE interference. Due to the same reason, UL geometry of dynamic TDD with equal (DL:UL = 1:1) traffic is better than that with un-equal (DL:UL = 4:1) traffic 
Overall, according to Figures 1 – 6, under the same condition and NR indoor hotspot scenario, even taking into account higher carrier frequency and wider system bandwidth, UL geometry of dynamic TDD is still much worse than that of static TDD because of the strong BS-BS interference. For example, there is about 44dB loss of UL geometry for a given CDF value, i.e., 0.5 at 30GHz. With the increase of DL traffic load, the UL geometry becomes worse. The impact of beam-forming should be further investigated.
Observation 1: 
· In NR indoor hotspot scenario, the impact of system bandwidths, carrier frequencies and DL/UL traffic load ratio on geometry curves with dynamic TDD is quite different from that on geometry curves with static TDD:
· DL geometry of both static TDD and dynamic TDD, and UL geometry of static TDD, are almost not influenced by the system bandwidths. On the other hand, UL geometry of dynamic TDD will become better with wider system bandwidth.
· DL geometry of both static TDD and dynamic TDD, and UL geometry of static TDD are worse for higher carrier frequency. On the other hand, UL geometry for dynamic TDD becomes better with higher carrier frequency.
· DL geometry of dynamic TDD is better than that of static TDD, while UL geometry of dynamic TDD is much worse than that of static TDD.
Observation 2: 
· In NR indoor hotspot scenario, the impact of dynamic TDD on UL geometry is very significant. The impact of massive MIMO beamforming should be further studied.
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       Fig.1 DL geometry with different system bandwidth     Fig.2 UL geometry with different system bandwidth
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       Fig.3 DL geometry with different carrier frequency     Fig.4 UL geometry with different carrier frequency
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     Fig.5 DL geometry with different DL/UL traffic ratio     Fig.6 UL geometry with different DL/UL traffic ratio

Figures 7 - 12 show the DL and UL geometries in the NR urban macro scenario. Similar to the geometry performance evaluation in indoor hotspot scenario, in Figs. 7 and 8, system bandwidths of 100MHz, 200MHz, and 400MHz, are assumed at carrier frequency of 30GHz. Unlike in indoor scenario, DL geometry performance for both static TDD and dynamic TDD, and UL geometry performance for static TDD degrades with the increase of system bandwidth. This is because UEs are in noise limited environment. 
In Figs. 9 and 10, carrier frequencies of 4GHz, 6GHz, and 30GHz, are assumed with system bandwidth of 200MHz. Comparing different carrier frequencies under the same channel model, i.e., at 6GHz carrier frequency and 30GHz carrier frequency, the DL/UL geometry for both dynamic TDD and static TDD is worse for higher carrier frequency. This is because urban macro is a noise limited environment and at higher carrier frequency, the desired signal will suffer from larger pathloss.
In Figs. 11 and 12, the dynamic TDD with equal (DL:UL = 1:1) and un-equal (DL:UL = 4:1) probabilities of DL/UL selection for all cells are compared. At 4GHz carrier frequency, DL geometry of dynamic TDD with equal (DL:UL = 1:1) traffic is slightly better than that with un-equal (DL:UL = 4:1) traffic, similar to that in indoor scenario. However, at higher carrier frequency, i.e., 30GHz, DL geometry of dynamic TDD with both equal and un-equal traffics are almost the same with that of static TDD. This is because with the increase of carrier frequency, the noise-limit environment is more obvious. 
Overall, according to Figures 7 – 12, under the same condition and NR UMa scenario, even taking into account higher carrier frequency and wider system bandwidth, UL geometry of dynamic TDD is still much worse than that of static TDD because of the strong BS-BS interference. Unlike NR indoor hotspot scenario, UEs are highly noise limited and therefore, BS-UE, UE-BS, and UE-UE interferences can be almost negligible in many cases. However, BS-BS interference is still quite large. With the increase of DL traffic load, the UL geometry becomes worse. The impact of beam-forming should be further investigated.
Observation 3: 
· In NR urban macro scenario, the impact of system bandwidths, carrier frequencies and DL/UL traffic load ratio on dynamic TDD is quite different from that observed in indoor scenario:
· DL geometry performance for both static TDD and dynamic TDD, and UL geometry performance for static TDD degrade with the increase of system bandwidth.
· DL/UL geometry for both dynamic TDD and static TDD is worse for higher carrier frequency.
· UL geometry of dynamic TDD is much worse than static TDD. DL geometry of dynamic TDD at lower carrier frequency is better than that of static TDD. However, at higher carrier frequency, DL geometry of dynamic TDD is almost the same with that of static TDD.
Observation 4: 
· In NR urban macro scenario, the impact of dynamic TDD on UL geometry is very significant. The impact of massive MIMO beamforming should be further studied.
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       Fig.7 DL geometry with different system bandwidth     Fig.8 UL geometry with different system bandwidth
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       Fig.9 DL geometry with different carrier frequency     Fig.10 UL geometry with different carrier frequency
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  Fig.11 DL geometry with different DL/UL traffic ratio    Fig.12 UL geometry with different DL/UL traffic ratio

From the geometry results, it can be found that the UL geometry is significantly influenced by cross-link interference of dynamic TDD. Massive MIMO beamforming can increase the desired signal power, and reduce the interference to other UEs. Therefore, we should investigate the impact of cross-link interference regarding massive MIMO beamforming.

Proposal 4: 
· The impact of cross-link interference of dynamic TDD in NR should be studied taking into account massive MIMO beamforming.

Summary
In this contribution, we show our views on dynamic TDD in NR and some initial evaluation results of dynamic TDD are presented. The observations and proposals are summarized as follows.
Proposal 1: 
· Dynamic TDD should be a default mechanism for NR.
Proposal 2: 
· System-level evaluation should be conducted to see the impact of NR-specific factors such as higher carrier frequencies, wider system bandwidths, and massive MIMO beamforming on dynamic TDD performance.
· Through the evaluation, it can be identified whether/how additional interference mitigation schemes are necessary.
Proposal 3: 
· For the evaluation, higher carrier frequency such as 30GHz with wide system bandwidth such as 100MHz or further wider is prioritized.
· FFS how to model BS-BS link and UE-UE link.
Proposal 4: 
· The impact of cross-link interference of dynamic TDD in NR should be studied taking into account massive MIMO beamforming.

Observation 1: 
· In NR indoor hotspot scenario, the impact of system bandwidths, carrier frequencies and DL/UL traffic load ratio on geometry curves with dynamic TDD is quite different from that on geometry curves with static TDD:
· DL geometry of both static TDD and dynamic TDD, and UL geometry of static TDD, are almost not influenced by the system bandwidths. On the other hand, UL geometry of dynamic TDD will become better with wider system bandwidth.
· DL geometry of both static TDD and dynamic TDD, and UL geometry of static TDD are worse for higher carrier frequency. On the other hand, UL geometry for dynamic TDD becomes better with higher carrier frequency.
· DL geometry of dynamic TDD is better than that of static TDD, while UL geometry of dynamic TDD is much worse than that of static TDD.
Observation 2: 
· In NR indoor hotspot scenario, the impact of dynamic TDD on UL geometry is very significant. The impact of massive MIMO beamforming should be further studied.
Observation 3: 
· In NR urban macro scenario, the impact of system bandwidths, carrier frequencies and DL/UL traffic load ratio on dynamic TDD is quite different from that observed in indoor scenario:
· DL geometry performance for both static TDD and dynamic TDD, and UL geometry performance for static TDD degrade with the increase of system bandwidth.
· DL/UL geometry for both dynamic TDD and static TDD is worse for higher carrier frequency.
· UL geometry of dynamic TDD is much worse than static TDD. DL geometry of dynamic TDD at lower carrier frequency is better than that of static TDD. However, at higher carrier frequency, DL geometry of dynamic TDD is almost the same with that of static TDD.
Observation 4: 
· In NR urban macro scenario, the impact of dynamic TDD on UL geometry is very significant. The impact of massive MIMO beamforming should be further studied.
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Appendix A – Simulation Assumption
Table I. Simulation assumptions
	Parameters
	Values

	Scenarios
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Below 6GHz:
Candidate TRP numbers: 12
Above 6GHz:
Candidate TRP numbers: 12

	Inter-BS distance 
	20m

	Carrier frequency 
	4GHz/6GHz/30GHz

	Aggregated System Bandwidth
	Below 6GHz: 200MHz
Above 6GHz: 100MHz/200MHz/400MHz

	Simulation bandwidth
	Same as aggregated system bandwidth


	Channel model
	Below 6 GHz: ITU InH 
Above 6 GHz: 5GCM office 

	BS Tx power 
	Below 6GHz: 24dBm
Above 6GHz: 23dBm

	UE Tx power
	Below 6GHz: 23dBm     Above 6GHz: 23dBm

	UE distribution
	100% Indoor, 3km/h


	BS antenna configurations
	See Appendix B.

	BS antenna height 
	3m

	BS antenna element gain + connector loss
	See Appendix B.

	BS receiver noise figure
	Below 6GHz: 5 dB
Above 6GHz: 7 dB

	UE antenna configurations
	See Appendix B.

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13dB



Table II. Simulation assumptions
	Parameters
	Values

	Scenarios
	Urban Macro

	Layout
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	500m

	Carrier frequency 
	4GHz/6GHz/30GHz

	Aggregated System Bandwidth
	Below 6GHz: 200MHz
Above 6GHz: 100MHz/200MHz/400MHz 

	Simulation bandwidth
	Same as aggregated system bandwidth

	Channel model
	Below 6 GHz: 3D Uma
Above 6 GHz: 5GCM UMa

	BS Tx power 
	Below 6GHz: 49dBm 
Above 6GHz: 43dBm

	UE Tx power
	Below 6GHz: 23dBm      Above 6GHz: 23dBm

	UE distribution
	20% Outdoor in cars: 30km/h
80% Indoor in houses: 3km/h


	BS antenna configurations
	See Appendix B.

	BS antenna height 
	25m

	BS antenna element gain + connector loss
	See Appendix B

	BS receiver noise figure
	Below 6GHz: 5 dB
Above 6GHz: 7 dB

	UE antenna configurations
	See Appendix B

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13dB



Appendix B – Antenna configurations
Table III. Antenna configurations
	　Parameters
	Below 6GHz
	Above 6GHz

	TXRU mapping
	Per panel, reuse models in TR 36.897.
4GHz: the same as TR36.897
	Per panel, reuse models in TR 36.897. 
30GHz: a single TXRU is mapped per panel per subarray per polarization

	Number of TXRUs
	Dense urban: 16
Indoor hotspot: 2
	Dense urban: 8
Indoor hotspot: 2

	Number of BS antenna elements across all panels
	4GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913

	BS 
(M, N, P, Mg, Ng)
	Mg=1, Ng=1
4GHz:
Dense urban and Urban Macro:
- Baseline: (M, N, P, Mg, Ng) = (8,8,2,1,1). 
Indoor hotspot:
- (M, N, P, Mg, Ng) = (1,10,2,1,1).
	
30GHz:
Dense urban and Urban Macro:
- Baseline: (M, N, P, Mg, Ng) = (4,8,2,2,2). 
Indoor hotspot:
- (M, N, P, Mg, Ng) = (1,10,2,1,1).

	BS 
(dH, dV, dH, g, dV, g)
	Below 6GHz:
Dense urban and Urban Macro:
- Baseline: (dH, dV) = (0.5, 0.8) λ.
	Above 6GHz:
Dense urban and Urban Macro:
- Baseline: (dH, dV) = (0.5, 0.5) λ. (dg, H, dg, V) = (4.0, 2.0) λ.

	UE antenna model parameters
	Omnidirectional
	Omnidirectional

	Number of UE antenna elements
	2

	2

	BS antenna element gain pattern
	According to TR36.873
	See Table IV.



Table IV. Antenna configurations
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	
　

	Antenna element horizontal radiation pattern (dB)
	
　

	Combining method for 3D antenna element pattern (dB)
	
　

	Maximum directional gain of an antenna element GE, max
	8dBi
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