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1 Introduction

At the 3GPP TSG RAN#71 meeting, new study item (SI) description regarding the “Study on New Radio Access Technology” was approved [1]. The objective of this new study item is to develop a “New Radio (NR)” access technology which provides a broad range of vertical services such as enhanced mobile broadband (eMBB), massive machine type communications (mMTC), and ultra-reliable low-latency communications (URLLC) in a single technical framework.
For millimeter wave (mmWave) bands evaluation purpose, since a range of bands from 24GHz – 40GHz and a range of from 66GHz – 86GHz are currently being considered for WRC-19, two carrier frequencies such that 30GHz and 70GHz were chosen as a proxy for each range [2]. In RAN1, to identify deployment scenarios and evaluate system level performance for NR, associated attributes such as carrier frequency, inter-site distance (ISD), aggregated system bandwidth, BS/UE antenna elements, UE distribution, and service profile are being discussed and clarified for each scenario. During RAN1 #84bis and #85 meeting, more detailed attributes and simulation parameters for 5 scenarios – indoor hotspot (InH), dense urban, rural, urban macro (UMa), and high speed train – were agreed [3]. Among several agreements, the numbers of BS/UE antenna elements are as follows:
For BS,

· 700MHz: Up to 64 Tx/Rx antenna elements 

· 4GHz: Up to 256 Tx/Rx antenna elements 

· 30GHz: Up to 256 Tx/Rx antenna elements

· Continue discussion whether to increase the number of antenna elements.
· 70GHz: Up to 256 Tx/Rx antenna elements

· Up to 1024 Tx /Rx antenna elements

For UE,

· 700MHz: Up to 4 Tx/Rx antenna elements 

· 4GHz: Up to 8 Tx/Rx antenna elements 

· 30GHz: Up to 32 Tx/Rx antenna elements 

· 70GHz: Up to 32 Tx/Rx antenna elements
According to these decisions, RAN1 is encouraged to evaluate much larger than 64 antenna elements, which has been used in the evaluations of the FD-MIMO. However, in the agreements so far, 30GHz frequency band can be evaluated as single layer for InH and UMa, and as micro layer (e.g. small cell) for dense urban. Macro layer only deployment for dense urban might be interesting to new NR operators having a single mmWave band.

In this contribution, the feasibility of the single macro layer deployment for dense urban on 30GHz frequency band is to be discussed.

2 Discussion
2.1 Challenges of single macro layer deployment for dense urban on 30GHz frequency band
Based on the newly evaluated channel model for above 6GHz [4], the path-loss (PL) formulas for UMi – Street Canyon (UMi-SC) are as follows:
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	UMi - Street Canyon

LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 10 m

	UMi – Street Canyon NLOS
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	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m

hBS = 10 m 

Explanations: see note 4


For comparison with the PLs formulas for below 6GHz 3D-UMi in TR 36.873 [5], the PL curves on 2GHz and 30GHz center frequencies are plotted in Figure 1. As shown in the figure, the 30GHz PL is about 20dB worse than the 2GHz PL in both line-of-sight (LOS) and non-line-of-sight (NLOS) cases. This makes a great challenge for designing cellular communication systems on 30GHz frequency. To mitigate relatively large PL in mmWave, the high beamforming gain by increasing the number of antennas would be desirable.
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Figure 1: Path-loss curves of UMi channel models on 2GHz and 30GHz

2.2 SINR evaluation results according to BS/UE antenna configurations
Based on the evaluation assumptions described in Annex-A, wideband SINR statistics are evaluated. 
Figure 2 shows cumulative distribution function (CDF) of wideband SINR on 30GHz frequency.
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Figure 2: Wideband SINR CDFs of UMi channel models on 2GHz and 30GHz

Although simulation parameters for single macro layer deployment of dense urban on 30GHz are not defined in RAN1 evaluation assumptions, important parameters such as Tx power, system bandwidth, maximum allowed EIRP, number of BS/UE antenna elements, and noise figure are kept to be the same as the agreed values for 30GHz UMa scenario, as shown in Annex-A. Comparing to the CDF of wideband SINR on 2GHz frequency, the followings can be observed:
Observation 1: The range of SINR on 30GHz is quite larger than that of SINR on 2GHz.

This comes from the fact that the coupling loss on 30GHz is also distributed more widely than on 2GHz while SIR distributions on 2GHz and 30GHz do not so much differ from each other, which can be observed from email discussion summary of the large scale calibration on the above 6GHz channel model for NR [6].
Observation 2: 
· At around 50% CDF, the SINR on 30GHz is much higher than that on 2GHz (i.e. about 15dB SINR gap) with help of high beamforming gain.
· At around 5% CDF, the SINR on 30GHz is similar to that on 2GHz with help of high beamforming gain.
This shows that high beamforming gain can overcome large PL in mmWave, but it incurs necessity of beam sweeping in system design due to the resultant narrow beam-width. Comparing to 2GHz, although very low SINR of which portion is small may cause cell-edge performance degradation, it can be overcomed by trading off the increasing amount of resources for UE with low SINR for coverage extension against the decreasing amount of resources for UE with high SINR by allocating higher MCS levels. Full system level evaluation results are necessary for further feasibility check of single macro layer deployment of dense urban on 30GHz.
3 Conclusion
In this contribution, the challenges of single macro layer deployment for dense urban on 30GHz frequency band and analyzed the wideband SINR distribution considering high gain beamforming. The observations are summarized as follows:
Observation 1: The range of SINR on 30GHz is quite larger than that of SINR on 2GHz.

Observation 2: 
· At around 50% CDF, the SINR on 30GHz is much higher than that on 2GHz (i.e. about 15dB SINR gap) with help of high beamforming gain.

· At around 5% CDF, the SINR on 30GHz is similar to that on 2GHz with help of high beamforming gain.
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5 Annex – A: Evaluation assumptions for dense urban
	Parameters
	Values or Assumptions

	Layout
	Macro layer only (hexagonal grid)

	Inter-BS distance
	200m

	Carrier frequency
	30GHz

	System bandwidth
	100MHz

	Simulation bandwidth
	100MHz

	Channel model
	TR 38.900 5GCM UMi

	BS Tx power
	43dBm

	Number of BS antenna elements
	256

	BS antenna configuration
	(M,N,P,Mg,Ng) = (4,64,1,1,1). (dV,dH) = (0.5, 0.5)λ.

	BS antenna pattern
	Follow the modeling of TR 36.873

	BS antenna height
	10m

	BS antenna element gain + connector loss
	6dBi

	Number of UE antenna elements
	32

	UE antenna configuration
	(M,N,P,Mg,Ng) = (2,4,1,1,4). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ

	UE antenna pattern
	A(θ,φ) = 0dB for -90<(θ-90)<90 and -90< φ<90

A(θ,φ) = -30dB for else.

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	UE distribution
	Uniform/macro TRP (10 users per TRP)


1/4

