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1. Introduction

At the RAN1 #86 meeting, the evaluation methodologies and assumptions on dynamic TDD were discussed and several WFs regarding to dynamic TDD evaluation were agreed for new radio interface [1], including
	Agreements:
· 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

· The WF in R1-168372[3] is agreed with the following update:

· The assumption in [3] is used as starting point for flexible duplex evaluation, and further update might be made.

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

·     The assumption in [4] is used as starting point for flexible duplex evaluation, and further update might be made.


In our previous contribution [5], the impact of NR-specific factors, such as higher carrier frequencies and wider system bandwidths, on DL/UL geometry, were investigated under indoor hotspot and urban macro scenarios. In this contribution, we continue to investigate the impact of NR-specific factors including carrier frequencies and system bandwidths on DL/UL geometry under dense urban scenario based on the agreed simulation assumptions.
2. Motivation of evaluation in dense urban scenario
The essential difference between FDD/static TDD and dynamic TDD is the interference between DL and UL including BS-BS and UE-UE interference (also known as cross-link interference). In LTE eIMTA [6], it appeared that LTE dynamic TDD suffers from serious cross-link interference. Indeed, from our previous contribution [5], we conducted system-level evaluations of dynamic TDD for NR under indoor hotspot and urban macro scenarios, and found that the impact of cross-link interference is significant. The outcome of evaluation results in [5] are highlighted as following:

· In indoor hotspot scenario, according to DL/UL geometry evaluations:
· Regardless of carrier frequency and/or system bandwidth, both DL and UL are highly interference-limited.
· UL suffers from significant cross-link interference; SINR loss is more than 30dB.
· In urban macro scenario, according to DL/UL geometry evaluations:
· Regardless of carrier frequency and/or system bandwidth, both DL and UL are highly noise limited in static TDD.

· However, in case of dynamic TDD, UL further suffers from significant cross-link interference; SINR loss is more than 20dB.
Note that the above highlights are based on the DL/UL geometry evaluations (i.e., wideband SINR without taking into account precoding/postcoding). If appropriate scheduling including time/frequency scheduling based on non-full buffer traffic and beam-forming by using large number of antenna elements to create narrow beams at least at the BS side are carried out, the resulting post DL/UL SINR may have different tendency. The impact of massive MIMO beam-forming is extensively studied in our companion paper [7].
In this contribution, we focus on geometry evaluation under dense urban scenario. The dense urban scenario is expected to be a typical NR deployment scenario considering the possible coverages of various carrier frequencies and complementary use of millimeter wave at micro-cells. 
3. Evaluation methodology for dynamic TDD
3.1 Scenarios and simulation assumptions
Taking into account the simulation assumptions related to dynamic TDD agreed in RAN1#86 meeting as shown in the appendix, we focus on dense urban scenario with the following specific assumptions:
Evaluation for micro layer (scenario A):

· 4GHz carrier frequency is used at macro cells

· 30GHz carrier frequency is used at micro-cells

· Each UE measures these two frequencies and select one cell based on RSRP/RSRQ

· DL/UL geometry of UEs attached on 30GHz micro-cells are measured
Evaluation for macro layer (scenario B):

· 4GHz carrier frequency is used at macro cells

· No micro-cells assumed
· Each UE measures this frequency and select one cell based on RSRP
· DL/UL geometry of all UEs are measured

Evaluation for macro layer (scenario C):

· 30GHz carrier frequency is used at macro cells

· No micro-cells assumed

· Each UE measures this frequency and select one cell based on RSRP

· DL/UL geometry of all UEs are measured

3.2 Initial evaluation results
In this section, we present our initial results regarding to NR numerologies in dense urban scenario with the above assumptions. The results in static TDD without cross-link interference are also presented for comparison. To observe the impact of system bandwidth and carrier frequency, the UL and DL 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, similar SINR calculation applies; then, in order to simulate cross-link interference, DL or UL is randomly determined per cell with equal DL and UL selection ratio, DL:UL=1:1, unless otherwise stated. UL TPC parameters are identical to the case of static TDD for simplicity. 
Figures 1-4 show the DL and UL geometries for scenario A described in section 3.1. In this scenario, we consider one macro cell with three sectors and three micro BSs are randomly dropped in a sector. As a consequence, there are 9 micro BSs in the network. In Figs. 1 and 2, system BW of 80MHz, 160MHz and 320MHz, are assumed for micro layers at carrier frequency 30GHz. It can be seen from these figures that DL geometry performance for dynamic TDD degrades with the increase of system bandwidth. This is caused by the SNR degradation due to wider BW. However, this does not apply to the UL geometry of dynamic TDD; wider bandwidth improves UL geometry. This implies that the impact of cross-link interference on UL geometry of dynamic TDD is significant and hence the SNR degradation due to wider BW is not visible. Rather, wider BW reduces interference power, resulting in SIR improvement. In Fig.3 and Fig.4, different selection ratio between DL and UL is compared, where the DL/UL selection ratios are 1:1, 2:1 and 4:1. From these figures, it can be seen that DL geometry performance for dynamic TDD is better for UL heavier selection ratio. This is because higher UL ratio leads to lower UE-UE interference power for DL. On the other hand, for UL, the geometry performance is better for UL heavier selection ratio. This is because higher DL ratio leads to higher BS-BS interference power for UL.
In addition, it can be seen from Fig.1 and Fig. 3 that DL geometry performance of dynamic TDD in micro layer is a little better than that of static TDD. This is caused by lower UE-UE interference. However, from Fig.2 and Fig.4, it can be seen that  UL geometry performance of dynamic TDD in micro layer is much worse than that of static TDD. This is because of the impact of strong BS-BS interference. 
Observation 1:
· In dense urban scenario, for micro layer with dynamic TDD, it is observed that DL geometry performance is better compared to that of static TDD due to the impact of UE-UE interference, however, UL geometry performances degrade compared to that of static TDD due to the impact of BS-BS interference.
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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 DL/UL traffic ratio    Fig.4 UL geometry with different DL/UL traffic ratio
Figures 5-12 show the DL and UL geometries for scenario B and Scenario C described in section 3.1. In this scenario, we consider 7 macro cells are deployed and each macro cell consists of three sectors. No micro cells are deployed within the coverage of macro cell. In Figs. 5 and 6, system BW of 20MHz, 40MHz, and 80MHz, are assumed for macro layers at carrier frequency 30GHz. It can be seen from these figures that for DL geometry for dynamic TDD, the impact of cross-link interference is marginal. However, for UL geometry for dynamic TDD, more than 30dB degradation in SINR distribution is seen due to the strong BS-BS interference. The results for UL geometry in dynamic TDD is not the same with that in urban macro scenario [5]. This is because in this case, smaller bandwidths, i.e., 20MHz, 40MHz and 80MHz are assumed in these evaluations of this contribution and therefore, the resultant SNR for a given transmit power is higher than that in wider bandwidths, i.e., 100MHz, 200MHz and 400MHz, assumed in the evaluations of the previous contribution. In this case, the BS-BS interference becomes the dominant factors to limit the geometry performance.
In Fig 7 and Fig 8, carrier frequency 4GHz and 30GHz are assumed with system bandwidth 20MHz. It can be seen from these figures that geometry performance for 30GHz carrier frequency may outperforms that of 4GHz carrier frequency. This is mainly caused by the different channel model used for below 6GHz and above 6GHz.

In Fig.9 and Fig.10, DL and UL SIR for different carrier frequency are simulated. Compared the SIR and SINR(geometry) in Fig.7/Fig.8 and Fig.9/Fig.10, it can be seen that, for 4GHz carrier frequency and smaller system bandwidth (20MHz), the macro cell is an interference limited environment. This is because lower carrier frequency lead to smaller pathloss therefore stronger interference from neighbouring cells. At the same time, smaller bandwidth leads to higher SNR.
In Fig 10 and Fig 11, DL and UL geometry of dynamic TDD with different selection ratio at 30GHz and 20MHz system bandwidth are compared. The same observation can be obtained as in our previous contribution [5].
Observation 2: 

· In dense urban scenario, for macro layer with dynamic TDD, UL geometry performance degrades due to the cross-link interference.

· Impact of cross-link interference on DL geometry is not much visible, at least when the carrier frequency is 30GHz.
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Fig.5 DL geometry with different system bandwidth         Fig.6 UL geometry with different system bandwidth
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Fig.7 DL geometry with different carrier frequency            Fig.8 UL geometry with different carrier frequency
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Fig.9 DL SIR with different carrier frequency             Fig.10 UL SIR with different carrier frequency
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Fig.11 DL geometry with different DL/UL ratio         Fig.12 UL geometry with different DL/UL ratio

4. Summary
In this contribution, we discussed the impact of NR numerologies in dense urban scenario. The observations and proposals are summarized as follows.
Observation 1:
· In dense urban scenario, for micro layer with dynamic TDD, it is observed that DL geometry performance is better compared to that of static TDD due to the impact of UE-UE interference, however, UL geometry performances degrade compared to that of static TDD due to the impact of BS-BS interference.
Observation 2: 

· In dense urban scenario, for macro layer with dynamic TDD, UL geometry performance degrades due to the cross-link interference.

· Impact of cross-link interference on DL geometry is not much visible, at least when the carrier frequency is 30GHz.
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Appendix
Table I. Simulation assumptions
	Parameters
	Values

	Scenario
	Dense urban

	Layout
	Two layer:
·  Macro layer: Hex. Grid
·  Micro layer: Random drop (All micro BSs are outdoor)
·  3 micro BSs per macro BS

	Inter-BS distance
	Macro-to-macro: 200m
Macro-to-micro: 105m [TR36.897]
Micro-to-micro:40m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]
Micro-to-UE: 10m [TR36.897]

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

	Carrier frequency
	Macro layer: 4 GHz, 30 GHz [TR38.913]
Micro layer: 30 GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (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) ASA and ZSA statistics* updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 3D UMa O-to-O
·  Micro-to-Micro: 3D UMi O-to-O (h_UE=10m), ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
·  UE-to-UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. 
Above 6GHz:
·  Macro-to-UE: 5GCM UMa
·  Micro-to-UE: 5GCM UMi
·  Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 5GCM UMa O-to-O
·  Micro-to-Micro: 5GCM UMi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· UE-to-UE: 5GCM UMi; ASD and ZSD statistics updated to be the same as ASA and ZSA.  

	BS Tx power
	Below 6GHz: 44 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm

	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
	Macro: 25m
Micro: 10m

	BS antenna element gain pattern
	Below 6GHz:

According to TR36.873
Above 6GHz: 
According to table II

	BS antenna element gain + connector loss
	8 dBi

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

	UE antenna configuration
	2Tx, 2Rx

	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 antenna element gain pattern
	Omnidirectional

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

	UE distribution
	80% indoor (3km/h) and 20% outdoor (30km/h)


Table II. BS antenna element gain pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	
[image: image13.wmf]2

0

0

,3

3

90

()min12,,65,30

EVVdBV

dB

ASLASLA

q

qq

q

éù

æö

¢¢

-

¢¢

êú

=-==

ç÷

êú

èø

ëû



	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi
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