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1. Introduction
This paper is related to the “Study Item on Self-Evaluation towards IMT-2020” [1]. In this paper, we discuss simulation methodology, analytical metric evaluations and related assumptions for IMT-2020 self-evaluation. 
2. NR Self-Evaluation Methods and Performance Metrics 

The IMT-2020 evaluation guidelines for radio interface technologies [3] outline a set of performance metrics and associated evaluation methods. In the next two sections, we review these metrics and highlight the minimum performance requirements for each metric. We also present a comparative study of the minimum requirements of IMT-2020 [2] with respect to the corresponding requirements for IMT-Advanced [4].

The self-evaluation methods for IMT-2020 are divided broadly into three categories – (i) Analytical calculation based, (ii) Simulation based (including both system and link level simulations), and (iii) Inspection based methods. Table 1 summarizes the performance metrics and test environments for each self-evaluation method [3] which falls under RAN1 scope. 
Table 1: IMT-2020 Self Evaluation Methodologies and Metrics
	Evaluation Method
	Performance Metric
	Purpose of Evaluation

	Analytical
	Peak Data Rate
	eMBB

	
	Peak Spectral Efficiency
	eMBB

	
	User Experienced Data Rate 
	eMBB

	
	Area Traffic Capacity
	eMBB - InH

	Simulation
	Average Spectral Efficiency
	eMBB

	
	5th Percentile Spectral Efficiency
	eMBB

	
	Connection Density
	mMTC

	
	Mobility
	eMBB

	
	Reliability
	URLLC

	Inspection Based
	Bandwidth
	N.A.

	
	Energy Efficiency
	eMBB

	
	Support of wide range of services
	N.A.

	
	Supported spectrum bands(s)/ranges(s)
	N.A.



Peak Data Rate and Spectral Efficiency are evaluated analytically, while the Area Traffic capacity is evaluated analytically from the simulated average spectral efficiency of Indoor Hotspot test environment [3]. Similarly, User Experienced Data Rate is also derived analytically from the simulated 5th percentile spectral efficiency of the eMBB test scenarios. 
Average and 5th percentile spectral efficiency, mobility are evaluated based on simulations 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 test environment. In the following sections, we discuss NR features and related parameters for self-evaluation with respect to the metrics highlighted in this section. 

3. Evaluation Assumptions for Simulation Based Metrics
In this section, we discuss evaluation assumptions and methodologies for the simulation based metrics namely, Average and 5th percentile spectral efficiency, mobility, reliability and connection density. 
3.1 	Evaluation Assumptions for eMBB
In this sub-section, the evaluation assumptions related to eMBB test environments namely Dense Urban Macro, Indoor Hotspot and Rural Macro are discussed.
3.1.1 	Overhead Assumptions for NR
An important consideration for IMT-2020 system level and link level evaluations is the consideration of system overhead. In NR, there are two different frequency ranges of operation as shown in Table 2 [5, 6].

Table 2: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	450 MHz – 6000 MHz

	FR2
	24250 MHz – 52600 MHz



Furthermore, multiple combinations of system bandwidth and subcarrier spacing are also supported by NR as shown in Tables 3 and 4.
[bookmark: _Hlk497144372]Table 3: Maximum transmission bandwidth configuration NRB in FR1
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135



Table 4: 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



This is different from LTE and depending on the choice of simulation assumptions, overhead considerations become an important aspect in self-evaluation mainly due to flexibility in configurations allowed by NR. Therefore in order to align the views of participating companies, in this paper, we provide an initial assumption on overhead consideration in both FR1 and FR2, as shown in Tables 5 and 6, which can be used as a reference for further discussion. 
Table 5: Overhead Assumptions for FR1 (TDD/FDD)
	Parameter
	Downlink
	Uplink

	Max # Transmit Layers
	12 (up to 4 per UE in MU-MIMO)
	12 (up to [2] per UE in MU-MIMO)

	DM-RS
	2 symbol Type 2 FL DMRS in each slot with RS on 3 combs:
24 REs/PRB/slot
	2 symbol Type 2 FL DMRS in each slot with RS on 3 combs:
24 REs/PRB/slot

	SRS
	-
	12 RE/PRB/period
Periodicity 10 slots

	CSI-RS
(for CSI)
	TDD
	10 4-port CSI-RS resource per slot
40 RE/PRB/period 
Periodicity 10ms
	-

	
	FDD
	32-port CSI-RS resource per slot
32 RE/PRB/period 
Periodicity 10ms
	

	CSI-IM 
	4 RE/PRB/period
Periodicity 10ms
	-

	TRS
	2(burst length)*4 RE/PRB/periodicity
Periodicity = 20ms
	-

	SSB
	1 SSB 
240x4 RE/period
Periodicity = 10ms
	· 

	PDCCH
	8 CCE (Aggregation Level 8) + 2 symbols (24 RE) in in every slot
12x48 RE/slot
	-

	PUCCH
	-
	Short – 2 symbols, 8 PRBs
24 x 8 x 5 = 960  REs/period
Periodicity 2 slots



In order to provide a tangible calculation with the above assumptions, we consider an SCS of 15 kHz and 10 MHz system BW with 52 PRBs as shown in Table 3. Considering a block of 10 slots with a total duration of 10ms i.e., a total of 87360 REs, we provide an initial calculation in the attached worksheet. It is seen that a downlink overhead of 24.359% (FDD), 24.835% (TDD), and an uplink overhead of 16.09% (FDD/TDD) can be achieved. 
Table 6: Overhead Assumptions for FR2 (TDD)
	Parameter
	Downlink
	Uplink

	Max # Transmit Layers
	6/12 (up to 4 per UE in MU-MIMO)
	6/12 (up to [2] per UE in MU-MIMO)

	DM-RS
	PTRS OFF
	2 symbol Type 2 FL DMRS in each slot with RS on 3 combs
24 REs/PRB/slot
	2 symbol Type 2 DMRS in each slot with RS on 3 combs
24 REs/PRB/slot

	
	PTRS ON
	1 symbol Type 2 FL DMRS in each slot with RS on 3 combs
12 REs/PRB/slot
	1 symbol Type 2 DMRS in each slot with RS on 3 combs
12 REs/PRB/slot

	SRS
	-
	12 RE/PRB/period
Periodicity 2 slots

	CSI-RS
(for CSI)
	10 4-port CSI-RS resource per slot
40 RE/PRB/period 
Periodicity 2 ms
	-

	CSI-IM 
	4 RE/PRB/period
Periodicity 1 ms
	-

	TRS
	1(burst length)*4 RE/PRB/period
Periodicity = 2ms
	-

	PTRS (if ON)
	
 
4x3 = 12 RE/PRB/slot
	
 
4x3 = 12 RE/PRB/slot

	CSI-RS BM
	TBD
	-

	SSB
	32 SSB 
32x240x4 RE/period
Periodicity 10ms
	· 

	PDCCH
	8 CCE (Aggregation Level 8) + 2 symbols in every slot
12x48 RE/slot
	-

	PUCCH
	-
	Short – 2 symbols, 8 PRBs
24 x 8 x 5 = 960  REs/period
Periodicity 2 slots



For FR2, we assume a SCS of 120 kHz and system BW of 100 MHz with 66 PRBs as shown in Table 4. Considering a block of 80 slots with a total duration of 10ms i.e., a total of 887040 REs, we provide an initial calculation in the attached worksheet. It is seen that a DL overhead of 24.878% and a UL overhead of 18.723% is achievable under the assumptions in Table 6. It can be seen that the overhead with or without PTRS remains the same. However, in the presence of PTRS only up to 6 MIMO layers can be supported at the gNB. Furthermore, the overhead assumptions for CSI-RS for BM can be further discussed. 
Suggestion 1:
Companies should report SLS overhead assumptions for FR1 and FR2 separately.

It is to be noted that the above overhead assumptions can also be considered for analytical calculations in lieu of more optimistic overhead assumptions. 
3.1.2 	Considerations for Mobility Evaluation
The simulation methodology for mobility evaluations for IMT-2020 self-evaluation as outlined in [3] uses an approach which combines system and link level evaluations. System level evaluations are used to derive the uplink SINR CDFs for the three eMBB test environments. The 50th percentile SINR is then used as an operating point for uplink LLS to evaluate the uplink spectral efficiency. However, the guidelines do not specify if the SINR statistics to be considered are before or after receive processing i.e., if pre or post processing SINR should be considered. It was agreed in RAN1#92bis that at least for pre-processing SU-MIMO case, the pre-processing SINR should be used. The case for MU-MIMO is still to further discussed. In the case that post processing SINR is to be considered, then the calculation of SINR becomes dependent on the accuracy of the modeling of channel estimation error and phase-noise (if applicable) at the receiver at a system level. These can be accurately modeled much more easily in an LLS. To this end, it is preferable that the same approach as agreed for SU-MIMO be uniformly adopted for all mobility evaluations.

Suggestion 2:
	Use pre-processing SINR for mobility evaluations for both SU and MU-MIMO cases. 
3.1.3	 System Level Simulation Assumptions
In this section, we present some considerations for system level evaluation which can be considered for alignment of simulation assumptions among the participating companies with the goal to ensure NR meets the minimum requirements for IMT-2020
3.1.3.1 	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 3 and 4. With smaller SCS, higher spectrum utilization is attainable, while symbol duration and in turn the TTI, becomes longer. 


Suggestion 3:
Different combinations of SCS and channel BW can be considered for self-evaluation. 
[bookmark: _GoBack]3.1.3.2 	Bandwidth and Carrier Frequency
For the case of Release 15 NR operation in FR2, the frequency range of operation specified is between 24.25 GHz – 52.6 GHz. The case for NR operation over 52.6 GHz is currently under study and no waveform has yet been defined for operation in this range. Therefore, for the case of FR2, the range of carrier frequencies for system level self-evaluations should be limited to less than 52.6 GHz. Furthermore, 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 4:
For system-level evaluations of NR in FR2, carrier frequencies above 52.6 GHz should be deprioritized

 Suggestion 5:
The channel BW and the SCS for evaluation are chosen from the set supported by NR system with appropriate scaling of transmit power. 

3.1.3.3 	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 vertical panels in a column,  is the number of horizontal panels in row,  are the number of vertical and 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. Furthermore,   is the number of vertical digital antenna ports and  is the number of horizontal digital antenna ports within each panel. Therefore, based on this specification approach, the total number of digital antenna ports can be obtained as the product of.




NR specification is flexible to support various antenna spacing, number of antenna elements, antenna port layouts and antenna virtualization approaches. From a system level simulation perspective, the total number of digital antenna ports is limited to 32 i.e., .
Based on the initial calibration assumptions in [7], we observe that the total number of antenna elements allowed under IMT-2020 system level evaluation guidelines [3] have not been configured. Based on the initial system level simulation results presented in our companion contribution [8], we make the following observations with respect to antenna configurations for NR self-evaluation in FR1 and FR2:
· 

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. For the case of NR FR1 operation at 4GHz, we have used the following antenna configuration   with 32 ports, antenna spacing of and analog beamforming using 8 horizontal and 4 vertical beams and it has been observed that NR can still meet the spectral efficiency requirements for IMT-2020 [8]. However, if the goal is show how much NR can surpass the IMT-2020 requirements, larger antenna arrays can be beneficial. 
· 

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. In [8], for 4GHz carrier frequency, we have used the antenna configuration  with antenna spacing of , a 100 degree tilt angle and no analog beamforming. It was shown that such a configuration with 128 antenna elements and 32 ports meets the IMT-2020 spectral efficiency requirements.
· 
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. In [8], for 700 MHz carrier frequency we used the following antenna configuration with identical antenna spacing as dense urban macro but with 64 antenna elements. The configuration was shown to easily satisfy the IMT-2020 requirements.
· 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. 

In general, the gains from MU-MIMO operation are expected to be better when antenna arrays have more columns which allows for more spatial degrees of freedom in the horizontal domain. Based on these observations, we have the following suggestion pertaining to MIMO antenna array configurations.

Suggestion 6:
For system-level MU-MIMO evaluations, antenna arrays with more columns can be considered to increase the spatial degrees of freedom in the azimuth domain. 

Suggestion 7:
For system-level evaluations, higher number of Tx/Rx antennas compared to initial calibration assumptions [7] at BS and UE can be considered.  

3.1.3.4 	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 8:
The reduced processing time of NR can be taken into account for system level simulation. 





3.2 	Evaluation Assumptions for URLLC
The metric for URLLC self-evaluation is Reliability and the minimum requirement is defined [3] as follows:

The minimum requirement for the reliability is 1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment, assuming small application data (e.g. 20 bytes application data + protocol overhead).

The evaluation methodology is based on an SLS+LLS approach wherein, the 5th percentile SINR is evaluated through system level simulations and is used as an operating point for link level simulations. The system level evaluation assumptions based on TR 38.802 and [3] can be assumed as a reference for further discussion in RAN1. A reference table of system level simulation assumptions is provided in the Appendix in Table A1. The UL power control parameters are provided as a reference and does not preclude other values which the companies can further report. 

Furthermore, link level simulation assumptions for URLLC were discussed previously in RAN1 and reference can be found in [14]. The parameters for LTE can be modified to fit the NR use case. 
3.3 	Evaluation Assumptions for mMTC
3.3.1	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 mMTC connection density simulations. 

Another key discussion point would be to outline the system and link level evaluation assumptions as well as the choice of candidate technologies that should be adopted for the purpose of IMT self-evaluations. In addition to narrowband operation of NR, other candidate technologies include NB-IoT and LTE-M. 
4. Evaluation Assumptions for Analytical Metrics

In this section, we discuss the analytical metrics for IMT-2020 self-evaluation which falls within the scope of RAN1 namely, Peak Data Rate, Peak Spectral Efficiency, User Experienced Data Rate and Area Traffic Capacity. 
4.1  Peak Data Rate
There was an agreement in RAN1#91 [15], wherein a formula to calculate the peak data rate for NR was decided with the aim to determine the maximum supported transport block size for a given UE. Additionally, some values for supported overhead for both FR1 and FR2 were also decided. Therefore, for the purpose of analytical peak data rate calculation of NR, the following formula [15] can be used


,
wherein
· J is the number of aggregated component carriers in a band or band combination
· Rmax = 948/1024 is the nominal code rate
· For the j-th CC,
· 
 is the maximum number of layers 
· 
 is the maximum modulation order
· 
is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· 
is signaled per band and per band per band combination as per UE capability signalling
· 
 is the numerology (as defined in TS38.211)
· 


 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.
· 



 is the maximum RB allocation in bandwidth  with numerology , as given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where  is the UE supported maximum bandwidth in the given band or band combination
· 
is the overhead and takes the following values
· 0.14, for frequency range FR1 for DL
· 0.18, for frequency range FR2 for DL
· 0.08, for frequency range FR1 for UL
· 0.10, for frequency range FR2 for UL


Using the formula, we can calculate the peak data rate for NR. The assumed scaling factor is 1 for highest modulation order of 8. A maximum of 8 transmit layers for downlink and 4 transmit layers for uplink can be assumed. The values for  can be obtained from Tables 3 and 4 for FR1 and FR2 respectively. The detailed evaluations of peak data rate are provided in [8]. 

Suggestion 10:
	Use the formula agreed in RAN1 for calculation of analytical peak data rate for NR. 
4.2 	Peak Spectral Efficiency
For peak spectral efficiency, a similar approach can be used. The peak spectral efficiency for a single carrier can be defined as 



The detailed spectral efficiency evaluations are provided in [8], where it is shown that NR meets the minimum requirements for all BW and SCS combinations in both FR1 and FR2.

Suggestion 11:
Modify the formula for peak data rate calculation agreed in RAN1 for calculation of analytical peak spectral efficiency for NR
4.3 	User Experienced Data Rate

The user experienced data rate is evaluated for Dense Urban-eMBB test scenario and can be derived analytically after system level simulations. The 5th percentile Spectral Efficiency evaluated from full buffer system level simulator can be used to calculate UE experienced data rate as follows:



where, W is the bandwidth of operation. In [8], it is shown that for the BW supported by NR in FR1, the minimum requirement can be met. 

4.4 	Area Traffic Capacity for Indoor Hotspot
The area traffic capacity is calculated for Indoor Hotspot-eMBB test scenario and can be calculated as 





where, is the TRxP density in TRxP/m2 and average spectral efficiency can be evaluated through system level simulations. For Indoor Hotspot –eMBB deployment scenario in [3], we have for the case of 12 TRxP deployment and for a 36 TRxP deployment. The detailed Area Traffic Capacity evaluation is given in [8]. 

5. Conclusions
In this paper, we presented our views on evaluation assumptions for IMT-2020 self-evaluation for both simulation based and analytical performance metrics. The following suggestions were outlined in this paper:

· Suggestion 1: Companies are encouraged to provide feedback on overhead assumptions using the attached worksheet.
· Suggestion 2: Use pre-processing SINR for mobility evaluations for both SU and MU-MIMO cases. 
· Suggestion 3: Different combinations of SCS and channel BW can be considered for self-evaluation. 
· Suggestion 4: For system-level evaluations of NR in FR2, carrier frequencies above 52.6 GHz should be deprioritized.
· Suggestion 5: The channel BW and the SCS for evaluation are chosen from the set supported by NR system with appropriate scaling of transmit power. 
· Suggestion 6: For system-level MU-MIMO evaluations, antenna arrays with more columns can be considered to increase the spatial degrees of freedom in the azimuth domain. 
· Suggestion 7: For system-level evaluations, higher number of Tx/Rx antennas compared to initial calibration assumptions [7] at BS and UE can be considered.  
· Suggestion 8: The reduced processing time of NR can be taken into account for system level simulation. 
· Suggestion 9: It is up to each company to simulate using SLS-only methodology or SLS+LLS methodology for mMTC connection density simulations. 
· Suggestion 10: Use the formula agreed in RAN1 for calculation of analytical peak data rate for NR
· Suggestion 11: Modify the formula for peak data rate calculation agreed in RAN1 for calculation of analytical peak spectral efficiency for NR
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7. Appendix
Urban Macro – URLLC System Level Evaluation Assumptions

Table A1. 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
	128 Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ
(TR 38.802 baseline)
+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 [3]
	See [3]

	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
	Channel model A

	Channel model A


	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

	UL PUSCH power control parameters
	=1.0, P0,PUSCH=-106 dBm
(suggested value for UL SINR CDF distribution derivation and calibration)
Other values are not precluded. If other values are used, it shall be reported.

	UL BW Allocation
	* PUSCH: For system level simulations, the system bandwidth on the UL is equally split between the number of UEs simulated.
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