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1 Introduction

Having been discussed in NR SI, the need of evaluating for the macro layer of dense urban scenario at 30GHz band was proposed in [1] and agreed through the email approval [86-26]. As captured in Table A.2.1-4 in [2], the baseline BS antenna configuration for evaluation of the dense urban scenario on 30GHz band is given as follows:
Table A.2.1-4: Antenna configurations for below and above 6GHz [2]
	
	Below 6GHz (700MHz, 4GHz)
	Above 6GHz (30GHz, 70GHz)

	BS (M,N,P,Mg,Ng)
	4GHz:

Dense urban and Urban macro:

- Baseline: (M,N,P,Mg,Ng) = (8,8,2,1,1).

- Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8,16,2,1,1)

Indoor hotspot:

- Baseline: (M,N,P,Mg,Ng) = (4,4,2,1,1) 
	30GHz:

Dense urban and Urban macro:

- Baseline: (M,N,P,Mg,Ng) = (4,8,2,2,2). 

Indoor hotspot:

- Baseline: (M,N,P,Mg,Ng) = (4,8,2,1,1)

70GHz:

Dense urban:

- Baseline: (M,N,P,Mg,Ng) = (8,16,2,2,2) 

Indoor hotspot:

- Baseline: (M,N,P,Mg,Ng) = (8,16,2,1,1) 


Since the beam pattern varies the received power distribution of the interference network, observing how BS antenna configurations with different beam patterns affect to the performance is needed. In this contribution, the throughput performance of dense urban scenario at 30GHz band is provided for several BS antenna configurations.
2 Evaluation Results
In this section, we present the throughput results of dense urban scenario at 30GHz of different panel structures. While keeping the total number of horizontal antenna elements and that of vertical antenna elements from the baseline antenna configuration in [2], several BS antenna configurations for evaluation results are introduced in Table 1. A single TXRU is mapped per panel per polarization, so the number of antenna elements per TXRU is 32 for all evaluation cases. 2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897. The scan range at the BS side is assumed [-60, 60] in azimuth domain and [90, 160] in zenith domain. NH horizontal beams and NV vertical beams are assigned to be equally spaced within their respective scan range and NHxNV=32. MU-MIMO is applied where the channel estimation is assumed to be ideal. Specific parameters for simulation can be found in Annex A.

In these panel structures and the TXRU mapping rule, TXRUs have same peak beamforming gains irrespective to the panel structures. However, panel structures configure different beamwidths in horizontal domain and vertical domain, respectively. 

Table 1: BS antenna configurations for evaluation results

	Antenna configurations

(M,N,P,Mg,Ng)
	(4,8,2,2,2)
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	(2,16,2,4,1)
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	(8,4,2,1,4)


[image: image3]

	TXRU mappings
	A single TXRU is mapped per panel per polarization

	Number of TXRUs
	8

	Number of antenna elements per TXRU
	32


Table 2 shows the throughput performances. Assuming that (NV, NH) are selected to maximize its target throughput metric for the given BS antenna configuration (M,N,P,Mg,Ng), the average throughput improves and the edge throughput diminishes as the number of horizontal antenna elements per panel increases. Using sharper beams tend to decrease the received power of the link since the channel clusters are selectively abandoned by the beams. This tendency is likely to appear especially when the angular spread is large. Note that the azimuth angular spread is larger than the zenith angular spread in the 3GPP urban macro channel model. Therefore, it results to decrease both the desired received power and the interference power when the horizontal beam width becomes narrow rather than the vertical beam width does. In the dense urban scenario on 30GHz band, UEs in the interference limited region and those in the noise limited region coexist. Using wide horizontal beams can help to increase the performance of noise limited UEs especially suffering high propagation loss. On the other hand, it also increases inter cell interference which affects badly to some UEs in the interference limited region. Using narrow horizontal beams behaves vice versa. As a result, the average throughput is maximized when (M,N,P,Mg,Ng) = (2,16,2,4,1) with (NV, NH)=(2, 16) and the 5% throughput is maximized when (M,N,P,Mg,Ng) = (8,4,2,1,4) with (NV, NH)=(4, 8) among the evaluation cases.

Observation 1. While keeping the number of antenna elements per TXRU same, increasing the horizontal beam width tends to gain edge throughput and to lose average throughput in the dense urban scenario on 30GHz band and vice versa.

Table 2: Throughput gains (%) relative to the case of (M,N,P,Mg,Ng)=(4,8,2,2,2) and (NV, NH)=(2, 16)

	BS antenna configurations
	(4,8,2,2,2)
	(2,16,2,4,1)
	(8,4,2,1,4)

	(NV, NH)
	(2, 16)
	(4, 8)
	(8, 4)
	(2, 16)
	(4, 8)
	(8, 4)
	(2, 16)
	(4, 8)
	(8, 4)

	Average throughput per TRP
	100.00
	103.51
	98.20
	106.30
	101.57
	92.75
	82.55
	100.31
	100.92

	95% UE throughput
	100.00
	101.01
	97.51
	101.78
	99.73
	93.21
	92.12
	101.59
	99.69

	50% UE throughput
	100.00
	104.53
	98.33
	108.64
	102.31
	93.28
	79.31
	98.17
	100.43

	5% UE throughput
	100.00
	123.95
	111.45
	103.38
	100.31
	81.35
	56.65
	133.25
	131.54


3 Conclusion

This contribution provides preliminary performance results of dense urban at 30GHz band according to different BS antenna configurations. Following observation is made by the evaluation results.
Observation 1. While keeping the number of antenna elements per TXRU same, increasing the horizontal beam width tends to gain edge throughput and to lose average throughput in the dense urban scenario on 30GHz band and vice versa.
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5  Annex – A: Evaluation assumptions
5.1 Dense urban scenario

	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Duplex
	TDD

	Mode
	DL only

	Bandwidth
	80MHz

	Subcarrier Spacing
	60kHz

	Deployment scenario
	Dense urban single layer

Channel model: 3D UMa in TR 38.900

Layout: Hex.

ISD: 200m

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing beamformed RSRP where the digital beamforming is not considered.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [90, 160] in zenith domain 

	Scheduling algorithm
	Proportional fair

	Downlink overhead consumption
	30% for control channel

	Traffic Model
	Full buffer

	Transmission scheme
	MU-MIMO 
Maximum number of transmit layers per TRP: min(number of TXRUs, number of UEs per TRP)
Maximum number of receive layers per UE: 1

	BS Tx power
	Macro layer: 40dBm

	BS Antenna Configuration
	See Table 1

	BS TXRU mapping to antenna elements
	A single TXRU is mapped per panel per polarization

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree

	UE antenna Configuration
	 (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;

Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 0 degree, ΩUT,γ = 0 degree

	BS antenna height
	Macro layer: 25m

	UE antenna height
	Same as 3D-UMi in TR36.873

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users are associated to each TRP
O2I car penetration loss: N(μ, σP2), μ = 9, and σP = 5
Penetration loss model: 80% low loss, 20% high loss

	BS antenna element radiation pattern
	Directional in horizontal, directional in vertical (8dBi gain, HPBW = 65°, vertical tilt 90°, Am=30dB, SLAv=30dB )

	UE antenna element radiation pattern
	Directional in horizontal, directional in vertical (5dBi gain, HPBW = 90°, vertical tilt 90°, Am=25dB, SLAv=25dB )

	Channel estimation
	Ideal

	HARQ
	Maximum 4 transmissions
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