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1. Introduction
This paper is related to the “New Study Item on Self-Evaluation towards IMT-2020” [1]. In this paper, we discuss NR features, assumptions, and parameters for IMT-2020 self-evaluation. 
1.1	Background 
The performance metrics for IMT-2020 self-evaluation and related minimum performance requirements for a candidate radio access technology is outlined in [2]. The self-evaluation methodologies for different performance metrics are provided in [3]. The following are performance metrics that require evaluations through simulations [2, 3]: 
1. Average and 5th percentile spectral efficiency
2. User experienced data rate
3. Connection Density
4. Mobility and Reliability

Average and 5th percentile spectral efficiency, user experienced data rate and mobility are evaluated for three eMBB test scenarios, namely Dense-Urban – eMBB, Indoor Hotspot – eMBB and Rural Macro – eMBB [3]. Connection density is considered for the case of mMTC and reliability is considered for the case of URLLC. In the following sections, we discuss NR features, assumptions, and related parameters for simulation based evaluations. 
2. 5G NR Features for IMT-2020 Self Evaluation

In this section, we discuss NR features for system level evaluations to meet the IMT-2020 minimum performance requirements.  
2.1 NR MIMO Advanced Antenna Capabilities 
NR supports advanced MIMO capabilities as described in the sequel for operation in both FR1 (sub-6 GHz) [5] and FR2 (24250 MHz – 52600 MHz) [6]. 
2.1.1 MIMO Transmission Schemes
NR supports the following MIMO transmission schemes:
· Spatial multiplexing with DM-RS based closed loop, open loop and semi-open loop transmission schemes are supported. Both codebook and non-codebook based transmission are supported in DL and UL.
· Spatial transmit diversity is supported by using transparent diversity schemes.
· Hybrid beamforming in both digital and analog domains is supported. Beam management with periodic and aperiodic beam refinement is also supported.

In NR, spatial multiplexing is supported for a single codeword for 1-4 layer transmissions and two codewords for 5-8 layer transmissions in DL. Only single codeword is supported for 1- 4 layer transmissions in UL. Both open and closed loop MIMO are supported in NR, where for demodulation of data, receiver does not require knowledge of the precoding matrix used at the transmitter i.e., by use of precoded demodulation reference signals. Dynamic switching between different transmission schemes is also supported. Furthermore, both single-user and multi-user MIMO are supported. For single-user MIMO transmissions, up to 8 orthogonal DM-RS ports are supported in DL and up to 4 orthogonal DM-RS ports are supported in UL. For multi-user MIMO up to 12 orthogonal DM-RS ports with up to 4 orthogonal ports per UE are supported in both DL and UL.

Suggestion 1:
	For system level simulation, both SU-MIMO with up to 8 layer transmission and MU-MIMO with up-to 12 orthogonal ports should be considered. 

Suggestion 2:
	For system level evaluations in FR2, beam management with periodic beam refinement can be considered.

2.1.2	Advanced CSI Feedback in NR



NR supports a two stage codebook structure  where  is the long term wideband channel information and is the short term sub-band channel information. The codebook is based on 2D DFT beams [10]. Three different types of codebooks are supported in NR:
· Type I Single Panel (SP): Supports transmissions of rank 1-8. For rank 1-2, a configurable grid of L = {1, 4} beams is supported with selection of orthogonal beams for second layer. For ranks 3-4, L=1 only, with enhanced co-phasing across orthogonal beams for more than 16 antenna ports. For rank 5-8, L=1 with fixed orthogonal beams.
· Type I Multi-Panel (MP): This is an extension of the Type I SP design with added inter-panel co-phasing i.e., same beam is selected for all panels. 
· Type II: Linear combination of L = {2, 3, 4} mutually orthogonal beams are supported with wideband unconstrained beam selection. 

Suggestion 3: 
Advanced CSI feedback for NR with Type I and Type II Codebook based feedback can be considered.

2.2	NR Physical Layer Enhancements
Compared to LTE, NR supports a set of more generalized and enhanced features for efficient physical layer operation. 

2.2.1	NR Numerology and Frame Structure
NR supports a flexible frame structure and numerology in both FR1 and FR2 [10]. For example, NR supports variable subcarrier spacing (SCS) of 15, 30, 60, 120 kHz. From a specification perspective, for FR1, SCS of 15, 30 and 60 kHz are supported [5], while for FR2, SCS of 60 and 120 kHz are supported. In our companion paper, we show that NR meets the analytical peak spectral efficiency requirements for all combinations of SCS and supported BW [8]. 

NR also supports a flexible frame structure including support for both FDD and TDD [10]. To this end, for the purpose of system level spectral efficiency evaluations for eMBB scenarios, both TDD and FDD can be considered. However, since spectral efficiency simulations mandate full-buffer traffic modeling [3], the data rate will be scaled with respect to the DL/UL ratio of the chosen frame structure. Therefore, simulations using FDD at a system level with full buffer traffic for both DL and UL evaluations might be sufficient to show that NR meets minimum performance requirements. 

Dynamic TDD operation in NR is designed to make NR more flexible to various traffic loading scenarios in real deployments. However, for the scope of IMT-2020 self-evaluation study item, the primary focus shall be to evaluate if NR meets the minimum performance requirements for an IMT-2020 candidate technology [3]. In this regard, dynamic TDD can be viewed as a secondary feature that may help to further distinguish it from the previous generation technology. On the other hand, with the full buffer traffic, which is specified for eMBB simulations, it is unclear whether the dynamic TDD can improve the NR performance or not. 

Suggestion 4: 
It is up to each company to simulate dynamic TDD or not as it may not have direct impact on meeting the IMT-2020 minimum performance requirements with full-buffer simulations. 

2.2.2	NR Improved Bandwidth Utilization 
In comparison to LTE, NR provides a higher bandwidth utilization. For a given SCS and BW, the available number of PRBs are shown in Tables 1 and 2 below. [5, 6]. With smaller SCS, higher spectrum utilization is attainable, while the symbol duration and in turn the TTI, becomes longer. 

[bookmark: _Hlk497144372]Table 1: Maximum transmission bandwidth configuration NRB in FR1
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	51
	65
	79
	107
	135



Table 2: Maximum transmission bandwidth configuration NRB in FR2
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



Suggestion 5:
Various combinations of SCS and channel BW can be considered for evaluation. 
2.2.2	NR-LTE coexistence features 
NR-LTE UL sharing is currently supported only from network perspective, which fundamentally splits the resource between NR and LTE. For the purpose of demonstrating the NR eMBB performance, it is unclear how the UL sharing can be considered and can help to improve the NR eMBB performance. 

On the other hand, NR supplemental UL (SUL) can help to improve the cell-edge UE performance and, thereby, can be considered for self-evaluation. 
 
Suggestion 6:
NR SUL feature can be considered for self-evaluation as it is expected to help to improve the cell-edge UE performance. 

3. Considerations for System Level Evaluation Assumptions
In preparation for the self-evaluation study item, there has been an effort for system level simulation calibration within 3GPP. The initial geometry calibration is based on coupling loss and wideband SINR and the evaluation assumptions and related initial results from participating companies are summarized in [7]. In this section, we use the initial calibration assumptions from [7] as a baseline to outline further evaluation assumptions for system level simulations with respect to the performance metrics of spectral efficiency, user experienced data rate, connection density, mobility and reliability. 
3.1	MIMO Antenna Configuration







NR Base Station and UE supports rectangular antenna arrays. The rectangular panel array antenna can be described by the following tuple  , where   is the number of panels in a column,  is the number of panels in row,  are the number of vertical, horizontal antenna elements within a panel and  is number of polarizations per antenna element. The spacing in vertical and horizontal dimensions between the panels is specified by   and between antenna elements by.



NR specification is flexible to support various antenna spacing, number of antenna elements, antenna port layouts and antenna virtualization approaches.
Suggestion 7:

	The MIMO antenna configurations for NR system level evaluations can be specified in terms of the tuple. 
Furthermore, based on the initial calibration assumptions in [7], we have the following observations with respect to MIMO antenna configurations for different test scenarios:
· Indoor Hotspot – eMBB: Current simulation assumptions in [7] use 32, 64 and 256 Tx/Rx at the BS and 4, 32 and 32 Tx/Rx at the UE for frequencies of 4, 30 and 70 GHz respectively. Based on evaluation guidelines in [3], up to 256 Tx/Rx can be used at the BS for 4 and 30 GHz and up to 1024 Tx/Rx at the BS can be used at 70 GHz. Again for the UE up to 8, 32 and 64 Tx/Rx can be used at 4, 30 and 70 GHz respectively. 
· Dense Urban – eMBB: Current simulation assumptions in [7] use 128 and 256 Tx/Rx at BS and 4 and 32 Tx/Rx at the UE for 4 and 30 GHz respectively. Based on evaluation guidelines in [3], up to 256 Tx/Rx can be used for FR1 and FR2 at the BS and up to 8 and 32 Tx/Rx at the UE for 4 and 30 GHz.
· Rural-eMBB: Current simulation assumptions in [7] use 128 Tx/Rx at BS and 4 Tx/Rx at the UE for 4 GHz. Based on evaluation guidelines in [3], up to 256 Tx/Rx at the BS and up to 8 Tx/Rx at the UE can be used for 4GHz. 
· Urban Macro – mMTC: 16 Tx/Rx are used at the BS in [7], while evaluation guidelines in [3] allow up to 64 Tx/Rx to be used.
· Urban Macro – URLLC: Current simulation assumptions use 64 and 16 Tx/Rx at BS for 4 GHz and 700 MHz respectively, whereas evaluation guidelines [3] allow use of up to 256 and 64 Tx/Rx at BS for corresponding frequencies. 

Suggestion 8:
For system-level evaluations, higher number of Tx/Rx antennas at BS and UE can be considered. 

3.2	SLS vs. SLS+LLS methodologies
For the case of connection density evaluations, two alternate approaches are outlined in [3]. The first is based on non-full buffer traffic modeling based system level simulations while the second is based on full-buffer traffic model based system level simulation for generating SINR CDF followed by link level simulations. Since the minimum requirement for connection density is of the order of 1000000 devices/km2 [2], handling such large number of nodes in the system level simulator can be challenging. Thus, it can be preferred to simulate SLS + LLS methodology for the connection density metric. 

Suggestion 9:
It is up to each company to simulate using SLS-only methodology or SLS+LLS methodology for connection density simulations. 

3.3	Scheduler
For the purpose system level simulations related to spectral efficiency and user experienced data rate, a proportional fairness (PF) based scheduler can be considered. The PF scheduler can provide a good tradeoff between sum throughput maximization and fairness amongst UEs, especially the cell-edge UEs, to successfully meet both the average and 5th percentile UE performance requirements. For the case of NR operation in FR2, the scheduler can also account for analog beam based scheduling.

Suggestion 10:
PF scheduler is the baseline assumption for system-level simulation. 


3.4	Bandwidth and Carrier Frequency
For NR operation in FR2, current simulation assumptions in [7] use an operating BW of 40 MHz for carrier frequencies in 30 and 70 GHz range. From Table 2, it can be seen that 40 MHz channel BW is not supported in NR. 

 Suggestion 11:
The channel BW and the SCS for evaluation are chosen from the set supported by NR system. 

3.5	Improved Processing Time
NR supports improved processing time for HARQ ACK feedback, UL grant-to-PUSCH transmissions, and CSI feedback, etc. The reduced processing time can help to improve the NR system level performance due to more accurate link adaptation.

Suggestion 12:
The reduced processing time of NR must be taken into account for system level simulation. 

4. Conclusions
In this paper, we presented our views on NR features, assumptions, and parameters for IMT-2020 self-evaluation. 
5. References

[1] RP-170832, New Study Item on Self-Evaluation towards IMT-2020, Huawei, Ericsson, 3GPP TSG RAN Meeting #75, Dubrovnik, Croatia, March 6-9, 2017.
[2] ITU-R M.2410-0, Minimum requirements related to technical performance for IMT-2020 radio interface(s)
[3] ITU-R M.2412-0, Guidelines for evaluation of radio interface technologies for IMT-2020
[4] ITU-R M.2134, Requirements related to technical performance for IMT-Advanced radio interface(s)
[5] 3GPP TS 38.101-1 v15.0.0, User Equipment radio transmission and reception: Part 1: Range 1 Standalone.
[6] 3GPP TS 38.101-2 v15.0.0, User Equipment radio transmission and reception: Part 2: Range 2 Standalone.
[7] RT-170019, Summary of email discussion “[ITU-R AH 01] Calibration for self-evaluation, Huawei, 3GPP TSG RAN ITU-R Ad Hoc. 
[8] R1-1802435, Initial Assessment of IMT-2020 Performance Requirements and Self-Evaluation Methods, Intel Corporation, 3GPP RAN WG1 #92, Athens, Greece, Feb 26th – March 2nd, 2018.
[9] 3GPP TS 38.214 v15.0.0, NR Physical Layer Procedures for Data (Release 15)
[10] 3GPP TS 38.211 v15.0.0, NR Physical Channels and Modulation (Release 15)


6. Appendix
In this section, we provide the system level simulation assumptions set up in [7] for the purpose of initial system level geometry calibration for IMT-2020 self-evaluation. The highlighted sections can be revisited to set up evaluation assumptions related spectral efficiency evaluations.
Indoor Hotspot - eMBB
The baseline parameters are provided in Table A1.

[bookmark: _Ref492148126]Table A1: Baseline parameter for Indoor Hotspot – eMBB
	Indoor Hotspot - eMBB
	Config. A
	Config. B
	Config. C

	Carrier frequency for evaluation
	4 GHz
	30GHz
	70GHz

	BS antenna height
	3 m
	3 m
	3 m

	Total transmit power per TRxP
	Baseline: 21 dBm for 10MHz bandwdith
	Baseline: 20 dBm for 40 MHz bandwidth
	Baseline: 18 dBm for 40 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	21 dBm

	Inter-site distance
	20m
	20 m
	20 m

	Number of antenna elements per TRxP
	32Tx/Rx, (M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45°, -45° polarization
	64Tx/Rx, (M,N,P,Mg,Ng) = (4,8,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45°, -45° polarization
	256Tx/Rx, (M,N,P,Mg,Ng) = (8,16,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	32TXRU, (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
(1-to-1 mapping)
	8TXRU, (Mp,Np,P,Mg,Ng) =(2,2,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng)=(2,2,2,1,1)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	32Tx/Rx, (M,N,P,Mg,Ng) = (2,4 ,2,1,2), (dH,dV) = (0.5, 0.5)λ

(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization
	32Tx/Rx, (M,N,P,Mg,Ng) = (2,4 ,2,1,2), (dH,dV) = (0.5, 0.5)λ

(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	4TXRU, (Mp,Np,P,Mg,Ng)=(1,1,2,1,2)
	4TXRU, (Mp,Np,P,Mg,Ng)=(1,1,2,1,2)

	Device deployment
	100% indoor
Randomly and uniformly distributed over the area
	100% indoor
Randomly and uniformly distributed over the area
	100% indoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h
	3 km/h
	3 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	7dB
	7dB

	UE noise figure
	7 dB 
	10dB
	10dB

	BS antenna element gain
	5dBi 
	5dBi
	5dBi

	BS antenna element pattern
	See Table 2 in Section 3.6
	See Table 2 in Section 3.6
	See Table 2 in Section 3.6

	UE antenna element gain
	0 dBi
	5dBi
	5dBi

	UE antenna element pattern
	Omni-directional
	See Table 3 in Section 3.6
	See Table 3 in Section 3.6

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer 
	Full buffer 
	Full buffer 

	Simulation bandwidth
	10MHz
	40MHz
	40MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5m
	1.5m
	1.5m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	(Channel model A or B is the same)
	(Channel model A or B is the same)

	TRxP number per site
	1
	3
	1
	3
	1
	3

	Mechanic tilt 
	180° in GCS (pointing to the ground)

Top view: 
	[110°] in GCS
	180° in GCS (pointing to the ground)
Top view:


	[110°] in GCS
	180° in GCS (pointing to the ground)
Top view:


	[110°] in GCS

	Electronic tilt
	90° in LCS
	90° in LCS
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight  
	-
	30 / 150 / 270 degrees [image: cid:image004.png@01D19614.C45E6D10]
	-
	30 / 150 / 270 degrees[image: cid:image004.png@01D19614.C45E6D10]
	-
	30 / 150 / 270 degrees[image: cid:image004.png@01D19614.C45E6D10]

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	Wrapping around method
	No wrapping around
	No wrapping around
	No wrapping around
	No wrapping around
	No wrapping around
	No wrapping around

	Minimum distance of TRxP and UE
	d2D_min=0m
	d2D_min=0m
	d2D_min=0m
	d2D_min=0m
	d2D_min=0m
	d2D_min=0m

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	-
	-
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -1*pi/8, 1*pi/8, 3*pi/8]
Zenith angle θj = [pi/4  3*pi/4]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (phai_i, theta_j) is given by equation 1 in Appendix 1 (2D DFT beam)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-7*pi/16, -5*pi/16, -3*pi/16, -1*pi/16, 1*pi/16, 3*pi/16, 5*pi/16, 7*pi/16]
Zenith angle theta_j = [pi/8  3*pi/8  5*pi/8  7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (phai_i, theta_j) is given by equation 1 in Appendix 1 (2D DFT beam)

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	-
	-
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -pi/8, pi/8, 3*pi/8];
Zenith angle θj = [pi/4, 3*pi/4];

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -pi/8, pi/8, 3*pi/8];
Zenith angle θj = [pi/4, 3*pi/4];

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)

	Criteria for selection for serving TRxP
	-
	-
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

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

	Criteria for analog beam selection for interfering TRxP
	-
	-
	Random selecting the random beams for non-serving TRxP
	Random selecting the random beams for non-serving TRxP



Dense urban - eMBB
The baseline parameters are provided in Table A2.

[bookmark: _Ref494294911]Table A2: Baseline parameter for Dense Urban – eMBB
	Dense Urban - eMBB
	Config. A
	Config. B

	Carrier frequency for evaluation
	1 layer (Macro) with 4 GHz
	1 layer (Macro) with 30 GHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP
	41 dBm for 10 MHz bandwidth
	37 dBm for 40 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	20% high loss, 80% low loss (applies to Channel model B)
	20% high loss, 80% low loss

	Inter-site distance
	200 m
	200 m

	Number of antenna elements per TRxP
	128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	256Tx/Rx, (M,N,P,Mg,Ng) = (4,8,2,2,2), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	4TXRU, (Mp,Np,P,Mg,Ng) = (2,1,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) =(1,1,2,2,2)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	32Tx/Rx, (M,N,P,Mg,Ng) = (2,4,2,1,2), (dH,dV) = (0.5, 0.5)λ

(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	4TXRU, (Mp,Np,P,Mg,Ng)=(1,1,2,1,2)

	Device deployment
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	7 dB

	UE noise figure
	7 dB 
	10 dB

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 1 in Section 3.6
	See Table 1 in Section 3.6

	UE antenna element gain
	0 dBi
	5 dBi

	UE antenna element pattern
	Omni-directional
	See Table 3 in Section 3.6

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	40 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	(Channel model A or B is the same)

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	(According to Zenith angle in "Beam set at TRxP")
	(According to Zenith angle in "Beam set at TRxP")

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight  
	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]
	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	 For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16] 
Zenith angle θj = [5*pi/8, 7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16] 
Zenith angle θj = [5*pi/8, 7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	-
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -pi/8, pi/8, 3*pi/8];
Zenith angle θj = [pi/4, 3*pi/4];

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 (2D DFT beam)

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered 
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

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

	Criteria for analog beam selection for interfering TRxP
	Random selecting the random beams for non-serving TRxP
	Random selecting the random beams for non-serving TRxP



Rural – eMBB
The baseline parameters are provided in Table A3.

[bookmark: _Ref494295427]Table A3: Baseline parameter for Rural – eMBB
	Rural - eMBB
	Config. A
	Config. B
	Config. C
(LMLC)

	Carrier frequency for evaluation
	700 MHz 
	4 GHz
	700 MHz

	BS antenna height
	35 m
	35 m
	35 m

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	100% low loss (applies to Channel model B)
	100% low loss (applies to Channel model B)
	100% low loss (applies to Channel model B)

	Inter-site distance
	1732 m
	1732 m
	6000 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	16TXRU, (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)

	Number of UE antenna elements 
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)

0°,90° polarization
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°,90° polarization

	Number of TXRU per UE
	2TXRU (1-to-1 mapping)
	4TXRU (1-to-1 mapping)
	4TXRU (1-to-1 mapping)

	Device deployment
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area
	40% indoor,
40% outdoor (pedestrian), 20% outdoor (in-car)
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
	Indoor users: 3 km/h;
Outdoor users (pedestrian): 3 km/h;
Outdoor users (in-car): 30 km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB 
	7 dB 
	7 dB 

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 1 in Section 3.6
	See Table 1 in Section 3.6
	See Table 1 in Section 3.6

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	3
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	[100°] in LCS
	[100°] in LCS
	[96°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight  
	30 / 150 / 270 degrees 
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	30 / 150 / 270 degrees 
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	30 / 150 / 270 degrees 
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	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873



Urban Macro - mMTC
The baseline parameters are provided in Table A4.

[bookmark: _Ref494296166]Table A4: Baseline parameter for Urban Macro – mMTC
	Urban Macro - mMTC
	Config. A
	Config. B

	Carrier frequency for evaluation
	700 MHz
	700 MHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP[footnoteRef:1] [1:  This parameter(s) is/are used for cell association] 

	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	20% high loss, 80% low loss  (applies to Channel model B)
	20% high loss, 80% low loss  (applies to Channel model B)

	Inter-site distance
	500 m
	1732 m

	Number of antenna elements per TRxP
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements 
	1Tx/Rx

0° polarization
	1Tx/Rx

0° polarization

	Number of TXRU per UE
	1TXRU
	1TXRU

	Device deployment
	80% indoor, 20% outdoor
Randomly and uniformly distributed over the area
	80% indoor, 20% outdoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.

	UE speeds of interest
	3 km/h for indoor and outdoor
	3 km/h for indoor and outdoor

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB 
	7 dB 

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 1 in Section 3.6
	See Table 1 in Section 3.6

	UE antenna element gain
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	[99°] in LCS
	[93°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 
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	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873



Urban Macro – URLLC
The baseline parameters are provided in Table A5.

[bookmark: _Ref494296351]Table A5: Baseline parameter for Urban Macro – URLLC
	Urban Macro - URLLC
	Config. A
	Config. B

	Carrier frequency for evaluation
	4 GHz
	700 MHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	100% low loss  (applies to Channel model B)
	100% low loss  (applies to Channel model B)

	Inter-site distance
	500 m
	500 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°, 90° polarization
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)

0°, 90° polarization

	Number of TXRU per UE
	4TXRU (1-to-1 mapping)
	2TXRU (1-to-1 mapping)

	Device deployment
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor
	3 km/h for indoor and 30 km/h for outdoor

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB 
	7 dB 

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 1 in Section 3.6
	See Table 1 in Section 3.6

	UE antenna element gain
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	[99°] in LCS
	[99°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]
	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873


Antenna element pattern
The antenna element pattern is defined in [3]. For BS side, the TRxP antenna element pattern is defined in Table 8-6 in [3] for Dense Urban – eMBB, Rural – eMBB, Urban Macro – mMTC, and Urban macro – URLLC test environments. For Indoor Hotspot, the TRxP antenna element pattern is defined in Table 8-7 in [3]. They are copied in Table A6 and Table A7 for reference.
[bookmark: _Ref499840489]Table A6*:
BS antenna element radiation pattern for 
Dense Urban – eMBB, Rural – eMBB, Urban Macro – mMTC, and Urban Macro - URLLC
	Parameters
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8 dBi


* Note: This is a copy of Table 8-6 in Report ITU-R M.[IMT-2020. EVAL]
[bookmark: _Ref499840518]

Table A7*:
BS antenna element radiation pattern for Indoor Hotspot - eMBB
	Parameters
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi


* Note: This is a copy of Table 8-7 in Report ITU-R M.[IMT-2020. EVAL]

For UE side, the UE antenna element pattern is Omni-directional for 4 GHz and 700 MHz; while for 30 GHz and 70 GHz, it is defined in Table 8-8 in [3], which is copied to Table A8 for reference.
[bookmark: _Ref499840554]
Table A8*:
UE antenna element radiation pattern for 30 GHz and 70 GHz
	Parameters
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi


[bookmark: _GoBack]* Note: This is a copy of Table 8-8 in Report ITU-R M.[IMT-2020. EVAL]
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