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Introduction
It was agreed in RAN1#86 that the NR should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. In this contribution, we present some initial evaluation results for dynamic TDD for urban macro scenario.
Initial evaluation of dynamic TDD
We simulated the geometry of static TDD and dynamic TDD for urban macro scenario for 4GHz and 30GHz. It is assumed that there is one UE scheduled in a cell for a simulation drop. In the case of dynamic TDD, each UE in a cell is assigned DL or UL with probability according to the DL:UL traffic ratios (1:1, 2:1, 4:1). For 30GHz, Tx and Rx analog beamforming with 32 antenna elements per panel (antenna configuration (M, N, P, Mg, Ng)=(4, 8, 2, 2, 2), (dH, dV, dH,g ,dV,g) = (0.5, 0.5, 4.0, 2.0)λ) is applied for DL and for UL, respectively; whereas for 4GHz, Tx and Rx beamforming with 64 antenna elements for each polarization (antenna configuration (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ) is applied for DL and for UL, respectively. Further details of simulation assumptions can be found in the Appendix.
DL and UL geometry results for 30GHz is shown in Figure 1. We compare the DL and UL SINR for static TDD and dynamic TDD for the DL:UL traffic ratios (1:1, 2:1, 4:1). As shown in Figure 1(a), the DL SINR is not degraded for dynamic TDD compared to static TDD, implying that the UL-to-DL cross-link interference is not significant in the urban macro scenario. However, for the UL SINR, there is about 15 dB degradation for dynamic TDD compared to static TDD due to DL-UL cross-link interference (BS-BS interference). 
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(a)                                           (b)
Figure 1: DL (a) and UL (b) geometry for 30 GHz

DL and UL geometry results for 4 GHz is shown in Figure 1. Figure 2(a) shows that the DL SINR is improved (up to 5 dB at 50 percentile) for dynamic TDD compared to the static TDD due to the reduced DL interference from BS. This is also evident from the observation that the DL SINR for dynamic TDD with DL:UL = 1: 1 is better that that with DL:UL=2:1 or DL:UL = 4:1. Similar to the 30GHz case, there is a significant degradation to UL SINR due to DL-UL cross-link interference (BS-BS interference). In particular, there is about 30 dB degradation for dynamic TDD compared to the static TDD at the 50 percentile.  
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(a)                                             (b)
Figure 2: DL (a) and UL (b) geometry for 4 GHz
Based on the above results, further studies would be needed to mitigate DL-to-UL crosslink interference for the urban macro scenario.
Conclusions
We presented initial evaluation results for dynamic TDD in this contribution. Our observations are as follows: 
Observation 1: For urban macro scenario of 30GHz with analog beamforming, the DL SINR is not degraded for dynamic TDD compared to static TDD, implying that the UL-to-DL cross-link interference is not significant in the urban macro scenario. However, for the UL SINR, there is about 15 dB degradation for dynamic TDD compared to static TDD due to DL-UL cross-link interference (BS-BS interference).
Observation 2: For urban macro scenario of 4GHz with beamforming, the DL SINR is improved (up to 5 dB at 50 percentile) for dynamic TDD compared to static TDD due to the reduced DL interference from BSs. However, for the UL SINR, there is about 30 dB degradation at 50 percentile for dynamic TDD compared to static TDD due to DL-UL cross-link interference (BS-BS interference).
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Appendix
Table 1: Simulation assumptions
	Parameters
	Urban macro

	Layout
	Single layer:
· Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Minimum BS-UE (2D) distance
	35m [TR36.897]

	Minimum UE-UE (2D) distance
	3m [TR36.843]

	Carrier frequency
	2GHz [TR38.913], 4 GHz, 30 GHz

	Aggregated system 
bandwidth
	2GHz: Up to 40 MHz (DL+UL)
4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz:
· Macro-to-UE: 3D Uma
· Micro-to-UE: 3D UMi
· Macro-to-Macro: 3D UMa O-to-O(h_UE=25m)
· Macro-to-Micro: 3D UMa (h_UE=10m), FFS additional offset X1 dB
· Micro-to-Micro: 3D UMi (h_UE=10m), FFS additional offset X2 dB
· UE-to-UE: 3D UMi
Above 6GHz:
· Macro-to-UE: 5GCM Uma
· Micro-to-UE: 5GCM UMi
· Macro-to-Macro: 5GCM Uma O-to-O (h_UE=25m) 
· Macro-to-Micro: 5GCM UMa (h_UE=10m)
· Micro-to-Micro: 5GCM UMi (h_UE=10m) 
· UE-to-UE: 5GCM UMi (h_BS=1.5m ~ 22.5m), FFS on penetration loss between UEs

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

	UE Tx power
	23 dBm

	BS antenna configuration
	Below 6GHz:
· Baseline: (M,N,P,Mg,Ng)=(8,8,2,1,1) (dH,dV)=(0.5,0.8)λ
Above 6GHz:
· Baseline: (M,N,P,Mg,Ng)=(4,8,2,2,2) (dH,dV,dH,g,dV,g)=(0.5,0.5,4.0,2.0)λ

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

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

	UE antenna configuration
	(M,N,P)=(1,1,2)

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl~uniform(4,8)

	UE antenna gain
	Follow the modeling of TR36.873

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

	Traffic model
	Ratio of DL/UL traffic = {1:1}, {2:1}, {4:1} 

	UE distribution 
	10 users per macro TRP, 80% indoor and 20% outdoor 
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