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Introduction
At the RAN1 #84 and the RAN1 #85 meetings, evaluation assumptions for multiple scenarios have been discussed. Dense urban scenario requires further discussion about micro layer BS or TRP deployment. The achieved agreements related to dense urban scenario small cell BS after RAN1 #85 [1] include the following:
Table I. Agreed dense urban scenarios assumptions related to TRP/UE deployment after RAN1 #85
	
	Dense Urban

	Layout 
	Single layer:
Macro layer: Hex. Grid

Two layer
Macro layer: Hex. Grid
Micro layer: Random drop (All micro TRPs are all outdoor)
- 3 micro TRPs per macro BS
- 6, or 9 micro TRPs per macro BS (optional)

	Inter-BS distance
	Macro layer: 200 m

	Carrier Frequency 
	Macro: 4 GHz
Micro: 4 GHz and 30 GHz, 70 GHz optional

	Aggregated system bandwidth 
	Around 4GHz: Up to 200MHz (DL+UL) 
Around 30GHz and 70GHz: Up to1GHz (DL+UL)

	BS Tx power
	Macro layer:
  Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Micro layer:
  4 GHz:  33dBm for 20MHz system bandwidth
  Above 6GHz: 33 dBm PA scaled down with simulation BW when systeme BW is higher than simulation BW. Otherwise, 33 dBm. 
EIRP should not exceed [69] dBm. 

	BS antenna height
	Macro layer: 25 m
Micro layer: 10 m 

	UE distribution
	Step1 (Note 1): Uniform/macro TRP (10 users per TRP for full buffer traffic) 
Step2 (Note 1): Uniform/macro TRP + Clustered/micro TRP (10 users per TRP associated with macro cell geographical area for full buffer traffic. 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area for FTP model 1/2/3, and 60 users for FTP model 2/3) (Note 2) 
- 80% indoor (3km/h), 20% outdoor (30km/h) 
- (In the case of full buffer, 10 users per TRP is the baseline. 20 users per TRP is not precluded.)
- NOTE: In case of outdoor (30km/h), penetration loss in-car is 9 dB (LN, σ = 5 dB).
- Note 1: Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependent KPIs.
- Note 2: Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping. 

	UE noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)



In this contribution, it will mainly discuss dense urban scenario TRP deployment including configuration selection and deployment. Related proposals are also provided.
UE and TRP Dropping
UE and TRP dropping schemes
Definition of cluster
It is assumed that cluster is a small circle area with a large amount of UEs. UEs will be randomly distributed in the whole cluster while one or multiple TRPs locate in the cluster in a certain distribution so that at least some of the users in the cluster can be better served by the TRPs in the same cluster. A UE can select a TRP to connect based on some criteria such as RSRP and RSRQ. The concept of cluster is mainly defined to correspond to small cells with multiple TRPs, such as small cell referred in following TRP Placement Option 3.
TRP dropping schemes
At the RAN1#85 meeting, multiple TRP dropping schemes was discussed and it was agreed to further investigate the candidate dropping schemes listed in [2]. 
Table II. TRP dropping schemes
	TRP Placement Options
	Antenna Configuration
	Dropping Schemes

	Opt. 1
	Omni in azimuth, directional in vertical 
	Randomly distributed in the cluster from cluster center of radius for TRP dropping in a cluster

	Opt. 2-a
	3-sector, directional in both Vertical and Horizontal, fixed orientation (same as Macro BS orientation)
	

	Opt. 2-b
	3-sector, directional in both Vertical and Horizontal, random orientation 
	

	Opt. 3
	Single panel, directional in both Vertical and Horizontal, random orientation
	Step 1: Randomly drop small cell centers around the small cell cluster center within a radius of Radius for small cell center dropping in a cluster (Rc); and consider the minimum distance between small cell centers (Dscc).
Step 2: Randomly deploy small cell antennas on area circle with the radius of half of Dscc.
Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center. [3]



Omni-directional antenna is more feasible for the lower frequency band, therefore, antenna configuration option 1 is more appropriate for lower frequency.
Proposal 1: Option 1 can be considered for 4GHz-micro layer.
Option 2 and Option 3 model the panel antennas. As discussed during the EB/FD-MIMO SI [3], option 3 is considered as a more realistic model, due to the fact that in the real deployment, it is not always feasible to mount a 3-sector TRP. Therefore, Option 3 is preferred for 30GHz case.
Proposal 2: Option 3 should be reconsidered for 30GHz-micro layer.

TRP dropping schemes layout
Based on the above definition of different TRP dropping schemes, we illustrate the sample TRP layouts for Opt. 3 as follows.
[image: cid:image001.png@01D1F3AE.7929B2D0]
Figure 1: Illustration of the TRP dropping. (black dot: Macro BS; blue dot: Pico TRP; pink cross: cluster center; blue circle: TRP dropping range; red circle: UE dropping range; short blue line: Pico TRP boresight)
Evaluation results of Coupling Loss and Geometry
Based on the above described different dropping schemes, we collected the cumulative distribution function (CDF) curves of the coupling loss and geometry. In this evaluation, we assume that all UEs dropping within the cluster are connected to the micro-layer. And we only provide the coupling loss and geometry performance for the micro-layer. 
Opt 1, small cell TRP frequency = 4 GHz, simulation results are illustrated as Figure 2 (Geometry and Coupling Loss CDF, all UE connected to Micro TRPs)
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Figure 2: Geometry and Coupling Loss CDF plot of Opt 1, small cell TRP frequency = 4 GHz, all UE connected to Micro TRPs

Simulation results of Opt 2-a, 2-b and Opt 3 with micro-TRP frequency = 4 GHz are shown as the following Figure 3 (Geometry and Coupling Loss CDF, all UE connected to Micro TRPs).
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Figure 3: Geometry and Coupling Loss CDF plot of Opt 2-a/ 2-b/ 3, small cell TRP frequency = 4 GHz, all UE connected to Micro TRPs
Simulation results of Opt 2-a, 2-b and Opt 3 when Micro-TRP carrier frequency is set as 30 GHz are shown as Figure 4 (Geometry and Coupling Loss CDF, all UE connected to Micro TRPs).
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Figure 4: Geometry and Coupling Loss CDF plot of Opt 2-a/ 2-b/ 3, small cell TRP frequency = 30 GHz, all UE connected to Micro TRPs
From the evaluation results, it can be observed that Opt. 2-a and Opt. 2-b have similar coupling loss and geometry performance. It is preferred to keep one of them for NR dense urban scenario evaluation, if 3-sector antenna configuration is supported.
Macro/Micro Layer Association
[bookmark: OLE_LINK9]The evaluation of the dense urban scenario may have different use cases. A macro-layer only evaluation target at the evaluation of spectrum efficiency KPI. The macro plus micro-layer evaluation is useful for other deployment dependent KPIs. For the macro plus micro-layer evaluation, one shall discuss reasonable UE association between the macro-layer and micro-layer. For the study on small cell enhancement, RSRP is used for intra-frequency and RSRQ is used for inter-frequency, with cell common bias if CRE is applied.
In macro plus micro-layer evaluation, as the both layers may use very different carrier frequency, e.g., macro-layer uses 4GHz and micro-layer uses 30GHz, the micro-layer may suffer from large propagation loss. To compensate the loss and enhance the coverage, multiple technologies were proposed. When using RSRP and/or RSRQ based cell association schemes, it shall take into account the coverage enhancement schemes when calculating the RSRP and/or RSRQ values respectively. To illustrate this, we plot the coupling loss CDF curves assuming:
Case 1: all UEs are connected to micro-layer (30GHz);
Case 2: all UEs are connected to macro-layer (4GHz).
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Figure 5: Coupling Loss CDF plot of Opt 2-a/ 2-b/ 3, small cell TRP frequency = 4 GHz all UE connected to Macro TRPs and small cell TRP frequency = 30 GHz all UE connected to Micro TRPs
From the coupling loss curves it can be seen that although the UEs are located closer to the micro TRP, due to the large propagation loss at high frequency, connecting to micro-TRP result in worse coupling loss than the case of connecting to macro-TRP.
Proposal 3: Modeling of coverage enhancement schemes, e.g., using the multi-beam based transmission shall be considered, at least for 30 GHz case, in order to perform the macro-layer/micro-layer cell association.
Summary
In this contribution we discuss the remaining details of the dense urban scenario and propose the following:
Proposal 1: Option 1 can be considered for 4GHz case.
Proposal 2: Option 3 is preferred for 30GHz case.
Proposal 3: Modeling of coverage enhancement schemes, e.g., using the multi-beam based transmission shall be considered, at least for 30 GHz case, in order to perform the macro-layer/micro-layer cell association.
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Appendix
Table A-1. Simulation assumptions
	Parameters
	Values

	
	Macro
	Micro

	Scenarios 
	Macro layer: Hex. Grid
- 1 Macro BS
	Micro layer: Random drop
- 3 micro BSs per macro BS

	Inter-BS distance
	200 m (Macro-Macro)
	 40 m (Micro-Micro, Dscc)

	Sectorization
	Omni, Single sector, 3 sectors

	BS antenna configurations
	Mg = Ng = 1; (M,N,P) = (4,1,1), dV = 0.5lambda 

	BS port mapping
	The 4 elements are mapped to a single CRS port

	BS antenna electrical downtilting
	102 degrees
	90 degrees

	BS Tx power
	44 dBm
	33 dBm and may be unified as 28.23 dBm

	Carrier Frequency
	4 GHz 
	30GHz

	BS antenna height
	25 m
	10 m

	Radius for small cell center dropping in a cluster (Rc)
	30 m

	Antenna Virtualization 
	DFT precoding according to TR 36.897 with application of panning and tilting angles

	Channel Model
	3D UMa 
	 3D UMi

	Bandwidth
	20MHz
	100MHz

	MS antenna configurations
	1 element (vertically polarized), Omnidirectional

	Handover margin (for calibration)
	0dB

	Minimum distance (2D)
	(Dscc) small cell center – small cell center: 40 m

	
	Small cell – UE: 10 m

	
	Macro – small cell cluster center: 105 m

	
	Macro – UE: 35 m

	
	Small cell cluster center - small cell cluster center: 2*Rc+Dscc

	UE distribution 
	200 UEs uniform dropping in each small cell with minimum distance (2D) of 0 m, maximum distance from cluster center of radius = 50 m (Opt.2-a / 2-b / 3) / 28.9 m (Opt.1) 
Alt. 1: all outdoor UE
Alt. 2: 80% indoor UE, 20% outdoor UE

	UE attachment
	Based on pathloss considering LOS angle

	UE noise figure
	9 dB

	Fast fading channel
	Fast fading channel is not modelled

	O2I penetration loss
	50% low loss and 50% high loss

	Shadowing Factor
	Based on calculation 

	LOS/NLOS
	Random



- 1/6 -
image2.emf
-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Pico, Geometry

SINR [dB]

C.D.F.

 

 

TRP Opt. 1; UE 100% outdoor

TRP Opt. 1; UE 80% indoor 20% outdoor


image3.emf
-180-170-160-150-140-130-120-110-100-90 -80 -70 -60 -50 -40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Pico, Coupling Loss

Coupling Loss [dB]

C.D.F.

 

 

TRP Opt. 1; UE 100% outdoor

TRP Opt. 1; UE 80% indoor 20% outdoor


image4.emf
-50 -40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Pico, 4 GHz, Geometry

SINR [dB]

C.D.F.

 

 

TRP Opt. 2-a; UE 100% outdoor

TRP Opt. 2-b; UE 100% outdoor

TRP Opt. 3; UE 100% outdoor

TRP Opt. 2-a; UE 80% indoor, 20% outdoor

TRP Opt. 2-b; UE  80% indoor, 20% outdoor

TRP Opt. 3; UE  80% indoor, 20% outdoor


image5.emf
-160 -150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Pico, 4 GHz, Coupling Loss

Coupling Loss [dB]

C.D.F.

 

 

TRP Opt. 2-a; UE 100% outdoor

TRP Opt. 2-b; UE 100% outdoor

TRP Opt. 3; UE 100% outdoor

TRP Opt. 2-a; UE 80% indoor, 20% outdoor

TRP Opt. 2-b; UE  80% indoor, 20% outdoor

TRP Opt. 3; UE  80% indoor, 20% outdoor


image6.emf
-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Pico, 30 GHz, Geometry

SINR [dB]

C.D.F.

 

 

TRP Opt. 2-a; UE 100% outdoor

TRP Opt. 2-b; UE 100% outdoor

TRP Opt. 3; UE 100% outdoor

TRP Opt. 2-a; UE 80% indoor, 20% outdoor

TRP Opt. 2-b; UE  80% indoor, 20% outdoor

TRP Opt. 3; UE  80% indoor, 20% outdoor


image7.emf
-190 -180 -170 -160 -150 -140 -130 -120 -110 -100 -90 -80 -70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Pico, 30 GHz, Coupling Loss

Coupling Loss [dB]

C.D.F.

 

 

TRP Opt. 2-a; UE 100% outdoor

TRP Opt. 2-b; UE 100% outdoor

TRP Opt. 3; UE 100% outdoor

TRP Opt. 2-a; UE 80% indoor, 20% outdoor

TRP Opt. 2-b; UE  80% indoor, 20% outdoor

TRP Opt. 3; UE  80% indoor, 20% outdoor


image8.emf
-160 -150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Macro, 4 GHz, Coupling Loss

Coupling Loss [dB]

C.D.F.

 

 

TRP Opt. 2-a; UE 100% outdoor

TRP Opt. 2-b; UE 100% outdoor

TRP Opt. 3; UE 100% outdoor

TRP Opt. 2-a; UE 80% indoor, 20% outdoor

TRP Opt. 2-b; UE  80% indoor, 20% outdoor

TRP Opt. 3; UE  80% indoor, 20% outdoor


image9.emf
-160 -150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Hot-spot UE connected to Pico, 30 GHz, Coupling Loss

Coupling Loss [dB]

C.D.F.

 

 

TRP Opt. 2-a; UE 100% outdoor

TRP Opt. 2-b; UE 100% outdoor

TRP Opt. 3; UE 100% outdoor

TRP Opt. 2-a; UE 80% indoor, 20% outdoor

TRP Opt. 2-b; UE  80% indoor, 20% outdoor

TRP Opt. 3; UE  80% indoor, 20% outdoor


image1.png




