- 2 -
IMT-2020/50-E
	[bookmark: _GoBack]Radiocommunication Study Groups
	[bookmark: ditulogo][image: ]

	
	

	
	

	[bookmark: recibido][bookmark: dnum]Source:	Document 5D/TEMP/116(Rev.1)
	Document IMT-2020/50-E

	[bookmark: ddate]
	27 February 2020

	[bookmark: dorlang]
	English only

	[bookmark: dsource]Working Party 5D

	[bookmark: drec]SUMMARY RESULTS OF Evaluation by TTA SPG33 of IMT-2020 candidate technology submission in Document(s) IMT-2020/14

	[bookmark: dtitle1]


[bookmark: dbreak]This document summarizes the evaluation results and activities identified for the IMT-2020 candidate technology submission(s) in Documents IMT-2020/14 from TTA SPG33.
1	Background
The period from October 2018 (the 31st meeting of Working Party 5D) to February 2020 (the 34th meeting of Working Party 5D) has been designated for evaluation of the IMT-2020 candidate technology submissions by Independent Evaluation Groups.
The TTA SPG33 is a registered Independent Evaluation Group. At the 34th meeting of Working Party 5D, a final Evaluation Report on IMT-2020 candidate technology submissions in Document IMT-2020/14 was submitted by TTA SPG33 (5D/49). WP 5D has reviewed the evaluation report, and will consider it further in the IMT-2020 development process.
2	Evaluation summary for a RIT for IMT-2020 candidate technology in Document IMT-2020/14
2.1	Use of information in Report ITU-R M.2412
Does Independent Evaluation Group confirm use of Report ITU-R M.2412 in their work?
 Yes	 No
2.2	Provision of compliance templates
Provision of compliance template for services (section 5.2.4.1 of Report ITU-R M.2411)
 Yes	 No
Provision of compliance template for spectrum (section 5.2.4.2 of Report ITU-R M.2411)
 Yes	 No
Provision of compliance template for technical performance (section 5.2.4.3 of Report ITU-R M.2411)
 Yes	 No
2.3	Summary of conclusions of the evaluation report
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No
Which test environments have been considered in the evaluation report? What is outcome of the evaluation?
	Test environment
	Does the evaluation report indicate that the minimum technical performance requirements are met in the test environment?
Yes: all technical performance requirements are met.
No: at least one technical performance requirement is not met.

	 Indoor Hotspot – eMBB
	 Yes	 No

	 Dense Urban – eMBB
	 Yes	 No

	 Rural – eMBB
	 Yes	 No

	 Urban Macro – mMTC
	 Yes	 No

	 Urban Macro – URLLC
	 Yes	 No



2.4	Additional evaluation methodologies and assumptions
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2412 been used in evaluation?
 Yes	 No
3	Evaluation Report
	The number of the final evaluation report
	The name of the final evaluation report
	The files of the final evaluation report

	5D/49
	Evaluation of IMT-2020 candidate technology by TTA SPG33
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[bookmark: dbreak]1	Introduction

The period from October 2018 (the 31st meeting of Working Party 5D) to February 2020 (the 34th meeting of Working Party 5D) has been designated for the evaluation of the IMT-2020 candidate technology submissions by Independent Evaluation Groups. The TTA SPG33 is a registered Independent Evaluation Group. 

2	Proposal

At the 33rd meeting of Working Party 5D, TTA SPG33 submitted an interim evaluation report on IMT-2020 candidate technology submission in document IMT-2020/3. At the 34th meeting of Working Party 5D, TTA SPG33 would like to submit the final evaluation report on the same technology submission
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Attachment 

evaluation report on 3GPP 5G NR RIT

Part I

Administrative aspects of the Independent Evaluation Group

I.1	Name of the independent evaluation group

Telecommunications Technology Association Special Project Group 33 (TTA SPG33).

I.2	Background of the TTA SPG33

In order to promote the development and early deployment of 5G technology, a special technical committee (STC3) was formed under the Telecommunications Technology Association (TTA) in July 2017. STC3 consists of five special project groups and one of them (TTA SPG33) is responsible for the evaluation of IMT-2020 candidate technology submitted in ITU-R WP 5D. TTA SPG33 was registered as an independent evaluation group right after its establishment.

Like other technical committee and project groups in TTA, TTA SPG33 consists of individual members representing mobile industry, academia and research institute. 

I.3	Method of Work

Since the establishment of TTA SPG33 in July 2017, our meetings have been held on a regular basis – four-to-five times a year. Agenda for the meeting include, information sharing on the ITU-R WP 5D activity focused on the candidate technology submission and evaluation, review of liaison statements from ITU-R WP 5D, discussion of evaluation report development and so on.  We also held open workshops in October 2017 and 2018 to share our progress and get some feedback from the audience. 

We have actively participated in the evaluation discussion in ITU-R WP 5D and CJK (China-Japan-Korea) IMT Evaluation Special Interest Group. Our activity updates have been presented as contributions in both meetings.

Our evaluation report is made based on the contributions from members. The members who contribute to the evaluation report are: 

· Korea University

· Ericsson

· Intel

· LG Electronics

· Nokia

· Qualcomm

· Samsung Electronics 

TTA SPG33 submits the final evaluation report in February 2020 and will continue its evaluation activity until the end of IMT-2020 development process.



I.4	Administrative contact details

Name: 	Dr. Yongjun Chung (Telecommunications Technology Association)

Email: 	yongjun.chung@tta.or.kr

TEL：	 +82-31-780-9100

I.5	Technical contact details

Name:	Prof. Seong-Jun Oh (Korea University)

Email: 	seongjun@korea,ac,kr

TEL：	 +82-2-3290-4841




Part II

Technical aspects of the work of the Independent Evaluation Group

II.1	Evaluated candidate IMT-2020 RIT/SRIT

This contribution is the final evaluation report on the submissions in Docs. IMT-2020/3, “3GPP 5G NR RIT” and its following revisions. 

II.2	Utilization of ITU-R documents

TTA SPG33 confirms that the evaluation report in this contribution is conducted according to the evaluation guideline described in Report ITU‑R M.2412 [3] and the results are compared against the minimum technical requirements described in Report ITU‑R M.2410 [1].

II.3	Documentation of any additional evaluation methodologies 

One of the members in TTA SPG33, Korea University, has provided system-level simulation (SLS) source codes and the description of the source code usage including SLS tutorial presentation. These can be found at its website (wnl.korea.ac.kr/evaluation.html), which has been informed by the earlier contribution from TTA SPG33. It should be noted that the provision of source code and the related material is solely the best effort from Korea University, but it is not of the TTA SPG33 nor the results from the provided source code and methodology. 

II.4	Verification

TTA SPG33 checks that the technology submissions in Documents IMT‑2020/3, “3GPP 5G NR RIT” and its following revisions include complete compliance templates for service, spectrum and technical performance as specified in Chapter 4.2.4 of Report ITU-R M.2411 [2]. 

II.5	Assessment 

This section summarizes the evaluation by TTA SPG33. Detailed evaluation results can be found as an embedded document shown in conclusion.  

II.5.1	Compliance template for service

		

		Service capability requirements

		TTA SPG33’s comments



		5.2.4.1.1

		Support for wide range of services

Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?: 	YES / NO

Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.(1)

		3GPP 5G NR RIT supports all three usage scenarios.



		(1)	Refer to the process requirements in IMT-2020/2.





II.5.2	Compliance template for spectrum

		

		Spectrum capability requirements

		TTA SPG33’s comments



		5.2.4.2.1

		Frequency bands identified for IMT

Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?: 	

YES / NO

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

		3GPP 5G NR utilizes frequency band identified for IMT in the ITU Radio Regulations from TS38.101-1/2 and TS38.104.



		5.2.4.2.2

		Higher Frequency range/band(s)

Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:	YES / NO

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.

		3GPP 5G NR utilizes frequency band above 24.25 GHz from TS38.101-2 and 38.104.







II.5.3	Compliance template for technical performance

		Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)

		Category

		Required value

		Value(2)

		Requirement met?

		Comments
(3)



		

		Usage scenario

		Test environment

		Downlink or uplink

		

		

		

		



		5.2.4.3.1
Peak data rate (Gbit/s)
(4.1)

		eMBB

		Not applicable

		Downlink

		20

		>20

			Yes
	No

		



		

		

		

		Uplink

		10

		>10

			Yes
	No

		



		5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)

		eMBB

		Not applicable

		Downlink

		30

		>30

			Yes
	No

		



		

		

		

		Uplink

		15

		>15

			Yes
	No

		



		5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)

		eMBB

		Dense Urban – eMBB

		Downlink

		100

		>100

			Yes
	No

		



		

		

		

		Uplink

		50

		> 50

			Yes
	No

		



		5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		0.3

		> 0.33

			Yes
	No

		



		

		

		

		Uplink

		0.21

		> 0.3

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		0.225

		> 0.289

			Yes
	No

		



		

		

		

		Uplink

		0.15

		> 0.163

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Downlink

		0.12

		> 0.12

			Yes
	No

		



		

		

		

		Uplink

		0.045

		> 0.073

			Yes
	No

		



		5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		9 

		> 9.8

			Yes
	No

		



		

		

		

		Uplink

		6.75 

		> 6.9

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		7.8 

		> 8.966 

			Yes
	No

		



		

		

		

		Uplink

		5.4 

		> 5.513

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Downlink

		3.3 

		> 9.7

			Yes
	No

		



		

		

		

		

		

		> 5.4

			Yes
	No

		LMLC



		

		

		

		Uplink

		1.6 

		> 3.52

			Yes
	No

		



		

		

		

		

		

		> 4.7 

			Yes
	No

		LMLC



		5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)

		eMBB

		Indoor-Hotspot – eMBB

		Downlink

		10

		>10

			Yes
	No

		



		5.2.4.3.7
User plane latency
(ms)
(4.7.1)

		eMBB

		Not applicable

		Uplink and Downlink

		4

		< 4

			Yes
	No

		



		

		URLLC

		Not applicable

		Uplink and Downlink

		1

		< 1

			Yes
	No

		



		5.2.4.3.8
Control plane latency (ms)
(4.7.2)

		eMBB

		Not applicable

		Not applicable 

		20

		< 20

			Yes
	No

		



		

		URLLC

		Not applicable

		Not applicable

		20

		< 20

			Yes
	No

		



		5.2.4.3.9
Connection density (devices/km2)
(4.8)

		mMTC

		Urban Macro – mMTC

		Uplink

		1 000 000 

		> 1,269,767

			Yes
	No

		



		5.2.4.3.10
Energy efficiency
(4.9)

		eMBB

		Not applicable

		Not applicable

		Capability to support a high sleep ratio and long sleep duration

		Have the capability

			Yes
	No

		



		5.2.4.3.11
Reliability
(4.10)

		URLLC

		Urban Macro –URLLC

		Uplink or Downlink



		1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of size 32 bytes within 1 ms in channel quality of coverage edge

		It can be supported

			Yes
	No

		



		5.2.4.3.12
Mobility classes
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink



		Stationary, Pedestrian

		Supported

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Uplink



		Stationary, Pedestrian,

Vehicular (up to 30 km/h)

		Supported

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Uplink



		Pedestrian, Vehicular, High speed vehicular

		Supported

			Yes
	No

		



		5.2.4.3.13

Mobility
Traffic channel link data rates (bit/s/Hz)
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink

		1.5 (10 km/h)

		> 1.5

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Uplink

		1.12 (30 km/h)

		> 1.28

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Uplink

		0.8 (120 km/h)

		> 0.8

			Yes
	No

		



		

		

		

		

		0.45 (500 km/h)

		> 0.68

			Yes
	No

		



		5.2.4.3.14
Mobility interruption time (ms) 
(4.12)

		eMBB and URLLC

		Not applicable

		Not applicable

		0

		0 ms can be achieved

			Yes
	No

		



		5.2.4.3.15
Bandwidth and Scalability
(4.13)

		Not applicable

		Not applicable

		Not applicable

		At least 100 MHz

		> 100 MHz is supported

			Yes
	No

		



		

		

		

		

		Up to 1 GHz

		> 1GHz supported using 16 CA

			Yes
	No

		



		

		

		

		

		Support of multiple different bandwidth values(4)

		Scalable

			Yes
	No

		



		(1) 	As defined in Report ITU-R M.2410-0.

(2) 	According to the evaluation methodology specified in Report ITU-R M.2412-0.

(3)	Proponents should report their selected evaluation methodology of the Connection density, the channel model variant used, and evaluation configuration(s) with their exact values (e.g. antenna element number, bandwidth, etc.) per test environment, and could provide other relevant information as well. For details, refer to Report ITU-R M.2412-0, in particular, § 7.1.3 for the evaluation methodologies, § 8.4 for the evaluation configurations per each test environment, and Annex 1 on the channel model variants.

(4)	Refer to § 7.3.1 of Report ITU-R M.2412-0.





II.6	Questions and Feedback to WP 5D and/or the proponents or other Independent Evaluation Groups 

TTA SPG33 will keep exchanging evaluation related information with proponents and other IEGs until the end of IMT-2020 development process.






Part III

Conclusion

Annex 1: Details of evaluation report

Details of technical performance evaluation





Annex 2: Details of simulation configurations

Simulation configuration tables





Annex 3: Details of calibration information

Calibration results 
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A-1	Results of Peak Data Rate


Three contributions from Ericsson, Intel and Samsung are considered. The results from Ericsson consider FR2 and the ones from Samsung considers both below/above 6 GHz. The results from Intel reflect the data rate with 16 carrier aggregation and also there is a distinction for FDD and TDD cases.





The results from Ericsson are summarized as follows. 


DL peak data rates in Gb/s (BW in MHz, SCS in kHz) (Ericsson)


			SCS\BW


				50


			100


			200


			400





			60


			2.11


			  4.32


			  8.73


			NaN 





			120


			1.98


			  4.25


			  8.66


			 17.49








UL peak data rates in Gb/s (BW in MHz, SCS in kHz) (Ericsson)


			SCS\BW


				50


			100


			200


			400





			60


			1.16


			  2.35


			  4.74


			NaN   





			120


			1.08


			2.31


			4.71


			9.50











The results from Samsung are summarized as follows. 





			Frequency


			SCS (kHz)


			Maximum TBS


			Peak rate (Gbps)


			Spectral efficiency


(bits/s/Hz)





			Below


6 GHz


			15


			1,245,544


			2.5


			49.8





			


			30


			1,277,992


			5.1


			51.1





			


			60


			622,760


			5.0


			49.8





			Above


6 GHz


			60


			1,213,032


			9.7


			48.5





			


			120


			1,213,032


			19.4


			48.5











The results from Intel are summarized as follows. The results are separately provided for FR1/FR2 and TDD/FDD.





Definition of frequency ranges


			Frequency range designation


			Corresponding frequency range 





			FR1


			450 MHz – 6000 MHz





			FR2


			24250 MHz – 52600 MHz











FDD case


Peak Data Rate (Gbit/sec) for NR in FR1 assuming 16 CA (Intel)


			SCS (kHz)


			5MHz


			10MHz


			15MHz


			20 MHz


			25 MHz


			 30 MHz 


			40 MHz


			50MHz


			60 MHz


			80 MHz


			100 MHz





			15


			DL


			3.42


			7.12


			10.82


			14.52


			18.22


			21.91


			29.58


			36.98


			-


			-


			-





			


			UL


			1.83


			3.81


			5.79


			7.77


			9.74


			11.72


			15.82


			19.78


			-


			-


			-





			30


			DL


			3.01


			6.57


			10.41


			13.97


			17.81


			21.37


			29.04


			36.43


			44.38


			59.44


			74.78





			


			UL


			1.61


			3.52


			5.57


			7.47


			9.52


			11.43


			15.53


			19.49


			23.74


			31.80


			40.00





			60


			DL


			


			6.03


			9.86


			13.15


			16.98


			20.82


			27.94


			35.61


			43.28


			58.62


			73.96





			


			UL


			


			3.22


			5.27


			7.03


			9.08


			11.14


			14.95


			19.05


			23.15


			31.36


			39.56











Peak Data Rate (Gbit/sec) for NR in FR2 assuming 16 CA (Intel)


			SCS (kHz)


			50MHz


			100MHz


			200MHz


			400 MHz





			60


			DL


			34.48


			68.95


			137.91


			-





			


			UL


			18.92


			37.84


			75.68


			-





			120


			DL


			33.43


			68.95


			137.91


			275.82





			


			UL


			18.35


			37.84


			75.68


			151.36











TDD case


Peak Data Rate (Gbit/sec) for NR in FR1 assuming 16 CA (Intel)


			SCS (kHz)


			5MHz


			10MHz


			15MHz


			20 MHz


			25 MHz


			 30 MHz 


			40 MHz


			50MHz


			60 MHz


			80 MHz


			100 MHz





			30


			DL


			1.46


			3.19


			5.06


			6.79


			8.65


			10.38


			14.10


			17.70


			21.55


			28.87


			36.32





			


			UL


			0.78


			1.71


			2.70


			3.63


			4.63


			5.55


			7.54


			9.47


			11.53


			15.44


			19.43





			60


			DL


			-


			2.93


			4.79


			6.39


			8.25


			10.11


			13.57


			17.30


			21.02


			28.47


			35.92





			


			UL


			-


			1.57


			2.56


			3.42


			4.41


			5.41


			7.26


			9.25


			11.24


			15.23


			19.21











Peak Data Rate (Gbit/sec) for NR in FR2 assuming 16 CA (Intel)


			SCS (kHz)


			50MHz


			100MHz


			200MHz


			400 MHz





			60


			DL


			34.48


			68.95


			137.91


			-





			


			UL


			18.92


			37.84


			75.68


			-





			120


			DL


			33.43


			68.95


			137.91


			275.82





			


			UL


			18.35


			37.84


			75.68


			151.36















A-2	Results of Peak Spectral Efficiency


Three contributions from Ericsson, Intel and Samsung are considered. There are slight differences in the consideration of overheads. Combining these three results, peak spectral efficiencies are shown below for FR1/2 and DL/UL.





Definition of frequency ranges


			Frequency range designation


			Corresponding frequency range 





			FR1


			450 MHz – 6000 MHz





			FR2


			24250 MHz – 52600 MHz











Peak Spectral Efficiency (bit/s/Hz) for NR in FR1 (Intel+Samsung)


			SCS (kHz)


			5MHz


			10MHz


			15MHz


			20 MHz


			25 MHz


			30 MHz  


			40 MHz


			50MHz


			60 MHz


			80 MHz


			100 MHz





			15


			DL


			42.80


			44.51


			45.08


			45.37


			45.54


			45.66


			46.23


			46.23


			-


			-


			-





			


			UL


			22.89


			23.81


			24.12


			24.27


			24.36


			24.42


			24.73


			24.73


			-


			-


			-





			30


			DL


			37.67


			41.09


			43.37


			43.66


			44.51


			44.51


			45.37


			45.54


			46.23


			46.44


			46.74,


51.1





			


			UL


			20.15


			21.98


			23.20


			23.35


			23.81


			23.81


			24.27


			24.36


			24.73


			24.84


			25.00





			60


			DL


			


			37.67


			41.09


			41.09


			42.46


			43.37


			43.66


			44.51


			45.08


			45.80


			46.23,


49.8





			


			UL


			


			20.15


			21.98


			21.98


			22.71


			23.20


			23.35


			23.81


			24.12


			24.50


			24.73











Peak Spectral Efficiency (bit/s/Hz) for NR in FR2 (Ericsson+Intel+Samsung)


			SCS (kHz)


			50MHz


			100MHz


			200MHz


			400 MHz





			60


			DL


			42.23,


43.10


			43.10,


43.16


			43.10,


43.63


			48.5





			


			UL


			23.65,


23.12


			23.65,


23.52


			23.65,


23.72


			-





			120


			DL


			39.56,


41.79


			42.5,


43.10


			43.10,


43.31


			43.10,


43.72,


48.5





			


			UL


			21.61,


22.93


			23.41,


23.65


			23.54,


23.65


			23.65,


23.74












A-3	Results of User Experienced Data Rate


Five contributions from Ericsson, Intel, LGE, Nokia and Samsung are considered for the evaluation of User Experienced Data Rate (UEDR). As the DL/UL UEDR requirements are defined for Dense Urban Test scenario, the system-level simulation results of 5th percentile spectral efficiencies are considered with the required bandwidth. All of five contributions show that the 5G NR meets the UEDR requirements.


The results from Ericsson, shown below, indicate that the UEDR requirements are met when the DL/UL bandwidths are larger than 317 and 296 MHz, respectively.


System performance in the 5G DU scenario (Ericsson)


			Bandwidth, 


			User experienced data rate,  [Mbit/s]





			


			Downlink


			Uplink





			100 MHz


			31.5


			16.9





			296 MHz


			92.9


			50





			317 MHz


			100


			53.7





			640 MHz


			202


			108





			1 GHz


			315


			169











The results from Intel, shown below, indicate that at the carrier frequency of 4GHz, DL/UL UEDR requirements are met with 168/98 and 366/206 MHz, respectively for FDD and TDD. The corresponding numbers of resource blocks for each subcarrier spacing are also shown in the table below. 





Required Bandwidth to Meet IMT-2020 Target (Intel)


			User Experienced 


Data Rate


			Minimum


Requirement


			Bandwidth (MHz)


Required to Meet Target





			


			


			FDD


			TDD





			Downlink 


			100 Mbit/s


			168


			366





			Uplink 


			50 Mbit/s


			96


			206








Maximum transmission bandwidth configuration NRB in FR1 (Intel)


			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








The results from LGE, shown below, indicate that at the carrier frequency of 4GHz, DL/UL UEDR requirements (100/50 MHz) are met when the bandwidths are larger than 350/160 MHz, respectively.


 DL user experienced data rate for Dense Urban-eMBB (4GHz) (LGE)


			Bandwidth, W (MHz)


			16Tx/4Rx (Mbit/s)


			Requirement (Mbit/s)





			250


			74.5


			100





			300


			89.4


			





			350


			104.3


			





			400


			119.2


			








UL user experienced data rate for Dense Urban-eMBB (4GHz) (LGE)


			Bandwidth, W (MHz)


			2Tx/32Rx (Mbit/s)


			Requirement (Mbit/s)





			140


			46.62


			50





			150


			49.95


			





			160


			53.28


			








 


The results from Nokia, shown below, indicate that the UEDR requirements are met when the bandwidths are larger than or equal to 300/302/204 MHz for DL FDD/DL TDD/UL FDD, respectively.


User-experienced data rate results (Nokia)


			Direction and Duplexing


			Minimum Required Bandwidth





			DL FDD


			300 MHz





			DL TDD


			302 MHz





			UL FDD


			204 MHz











The results from Samsung, shown below, indicate that at the carrier frequency of 4GHz, DL UEDR requirements (100 MHz) are met when the bandwidths are larger than 350 MHz.


User experienced data rate for Dense Urban-eMBB (4GHz) (Samsung)


			Bandwidth (MHz)


			User experienced data rate (Mbit/s)


			Requirement (Mbit/s)





			250


			77


			100





			300


			92.4


			





			350


			107.8


			





			400


			123.2


			












A-4	Results of 5th percentile Spectral Efficiency 





These results are captured with the average spectral efficiency.





A-5	Results of Average Spectral Efficiency


Seven contributions from Korea University, Ericsson, Intel, LG Electronics, Nokia, Qualcomm and Samsung Electronics are considered. The results are obtained from system-level simulation (SLS) and the configurations used SLS are summarized in a different document. The results from these contributions show that 3GPP NR meets the IMT-2020 requirements of the 5th percentile spectral efficiency and average spectral efficiency in all of three test environments of interest – Indoor Hotspot, Dense Urban and Rural. Results are summarized in the following for each test environment.


The simulation results without duplexing note means FDD operation. For the TDD duplexing results, they are noted.


A-5.1 eMBB Indoor Hotspot Test Environment 





[bookmark: _Hlk24903331]Table A-5-1. Evaluation Result of Indoor Hotspot – eMBB (4GHz_12TRxP)


			eMBB - Indoor Hotspot


			4GHz_12TRxP





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			9


			11.450 


			13.160


			10.124


			MU-MIMO





			


			


			B


			


			11.470


			-


			


			





			


			Uplink


			A


			6.75


			7.968


			-


			9.570


			SU-MIMO





			


			


			B


			


			6.927


			-


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.3


			0.339


			0.330


			0.719


			MU-MIMO





			


			


			B


			


			0.343


			-


			


			





			


			Uplink


			A


			0.21


			0.434


			-


			0.493


			SU-MIMO





			


			


			B


			


			0.431


			-


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			











			eMBB - Indoor Hotspot


			4GHz_12TRxP





			Performance Requirement


			Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			9


			


			


			9.8 fdd


10.054 tdd


			10.627 fdd


8.770 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			


			Uplink


			A


			6.75


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			


			7.329


			13.949 fdd


12.913 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.3


			


			


			0.350 fdd


0.452 tdd


			0.398 fdd


0.328 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			


			Uplink


			A


			0.21


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			


			0.396


			0.592 fdd


0.548 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			











[bookmark: _Hlk24903343]Table A-5-2. Evaluation Result of Indoor Hotspot – eMBB (4GHz_36TRxP)


			eMBB - Indoor Hotspot


			4GHz_36TRxP





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			9


			13.230 


			


			9.656


			MU-MIMO





			


			


			B


			


			13.350


			-


			


			





			


			Uplink


			A


			6.75


			


			-


			11.148


			SU-MIMO





			


			


			B


			


			


			-


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.3


			0.380


			


			0.468


			MU-MIMO





			


			


			B


			


			0.368


			-


			


			





			


			Uplink


			A


			0.21


			


			-


			0.434


			SU-MIMO





			


			


			B


			


			


			-


			


			











			eMBB - Indoor Hotspot


			4GHz_36TRxP





			Performance Requirement


			Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			9


			


			


			


			12.586 fdd


10.385 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			


			Uplink


			A


			6.75


			


			


			


			15.172 fdd


14.045 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.3


			


			


			


			0.406 fdd


0.335 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			


			Uplink


			A


			0.21


			


			


			


			0.467 fdd


0.432 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			











[bookmark: _Hlk24903351]Table A-5-3. Evaluation Result of Indoor Hotspot – eMBB (30GHz_12TRxP)


			eMBB - Indoor Hotspot


			30GHz_12TRxP





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			9


			


			8.495


			11.402


			MU-MIMO





			


			Uplink


			A/B


			6.75


			


			


			7.192


			SU-MIMO





			


			


			


			


			


			7.657 fdd


			


			MU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			0.3


			


			0.313


			0.921


			MU-MIMO





			


			Uplink


			A/B


			0.21


			


			


			0.416


			SU-MIMO





			


			


			


			


			


			0.394 fdd


			


			MU-MIMO











			eMBB - Indoor Hotspot


			30GHz_12TRxP





			Performance Requirement


			Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			9


			12.034 tdd


			13.900 tdd


			


			8.474 tdd


			MU-MIMO





			


			Uplink


			A/B


			6.75


			6.900 tdd


			


			


			


			SU-MIMO





			


			


			


			


			


			10.190 tdd


			


			11.439 tdd


			MU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			0.3


			0.486 tdd


			0.348 tdd


			


			0.343 tdd


			MU-MIMO





			


			Uplink


			A/B


			0.21


			0.300 tdd


			


			


			0.425 tdd


			SU-MIMO





			


			


			


			


			


			0.312 tdd


			


			


			MU-MIMO











Table A-5-4. Evaluation Result of Indoor Hotspot – eMBB (30GHz_36TRxP)


			eMBB - Indoor Hotspot


			30GHz_36TRxP





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			9


			


			


			


			MU-MIMO





			


			Uplink


			A/B


			6.75


			


			


			


			SU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			0.3


			


			


			


			MU-MIMO





			


			Uplink


			A/B


			0.21


			


			


			


			SU-MIMO











			eMBB - Indoor Hotspot


			30GHz_36TRxP





			Performance Requirement


			[bookmark: _GoBack]Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			9


			


			


			


			8.687 tdd


			MU-MIMO





			


			Uplink


			A/B


			6.75


			


			


			


			10.383 tdd


			SU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			0.3


			


			


			


			0.293 tdd


			MU-MIMO





			


			Uplink


			A/B


			0.21


			


			


			


			0.310 tdd


			SU-MIMO











[bookmark: _Hlk24903378]Table A-5-5. Evaluation Result of Indoor Hotspot – eMBB (4GHz_LargerBW_12TRxP)


			eMBB - Indoor Hotspot


			4GHz_LargerBW_12TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			9


			11.450


			13.160


			


			MU-MIMO





			


			


			


			20


			


			13.010


			14.953


			


			





			


			


			


			40


			


			13.937


			16.019


			


			





			


			


			B


			10


			


			11.470


			-


			


			





			


			


			


			20


			


			13.033


			-


			


			





			


			


			


			40


			


			13.962


			-


			


			





			


			Uplink


			A


			


			6.75


			7.968


			


			


			SU-MIMO





			


			


			B


			


			


			6.927


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.3


			0.339


			0.330


			


			MU-MIMO





			


			


			


			20


			


			0.385


			0.375


			


			





			


			


			


			40


			


			0.413


			0.402


			


			





			


			


			B


			10


			


			0.343


			-


			


			





			


			


			


			20


			


			0.390


			-


			


			





			


			


			


			40


			


			0.418


			-


			


			





			


			Uplink


			A


			


			0.21


			0.434


			


			


			SU-MIMO





			


			


			B


			


			


			0.431


			


			


			











			eMBB - Indoor Hotspot


			4GHz_LargerBW_12TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			9


			


			


			9.800


			10.627


			MU-MIMO





			


			


			


			20


			


			


			


			10.987 fdd


10.054 tdd


			12.078 fdd


8.770 tdd


			





			


			


			


			40


			


			


			


			11.703 fdd


11.580 tdd


			12.941 fdd


10.427 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			


			


			


			


			





			


			


			


			40


			


			


			


			


			


			





			


			Uplink


			A


			


			6.75


			


			


			


			13.949 fdd


12.913 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.3


			


			


			0.350


			0.398 fdd


			MU-MIMO





			


			


			


			20


			


			


			


			0.392 fdd


0.452 tdd


			0.452 fdd


0.328 tdd


			





			


			


			


			40


			


			


			


			0.418 fdd


0.520 tdd


			0.485 fdd


0.390 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			


			


			


			


			





			


			


			


			40


			


			


			


			


			


			





			


			Uplink


			A


			


			0.21


			


			


			


			0.592 fdd


0.548 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			


			











[bookmark: _Hlk24903399]Table A-5-6. Evaluation Result of Indoor Hotspot – eMBB (4GHz_LargerBW_36TRxP)


			eMBB - Indoor Hotspot


			4GHz_LargerBW_36TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			9


			13.230


			


			


			MU-MIMO





			


			


			


			20


			


			15.033


			


			


			





			


			


			B


			10


			


			13.350


			


			


			





			


			


			


			20


			


			15.169


			


			


			





			


			Uplink


			A


			


			6.75


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.3


			0.380


			


			


			MU-MIMO





			


			


			


			20


			


			0.432


			


			


			





			


			


			B


			10


			


			0.368


			


			


			





			


			


			


			20


			


			0.418


			


			


			





			


			Uplink


			A


			


			0.21


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			











			eMBB - Indoor Hotspot


			


			4GHz_LargerBW_36TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			9


			


			


			


			12.586 fdd


			MU-MIMO





			


			


			


			20


			


			


			


			


			14.305 fdd


10.385 tdd


			





			


			


			


			40


			


			


			


			


			12.348 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			


			


			


			


			





			


			Uplink


			A


			


			6.75


			


			


			


			15.172 fdd


14.045 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.3


			


			


			


			0.406 fdd


			MU-MIMO





			


			


			


			20


			


			


			


			


			0.461 fdd


0.335 tdd


			





			


			


			


			40


			


			


			


			


			0.398 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			


			


			


			


			





			


			Uplink


			A


			


			0.21


			


			


			


			0.467 fdd


0.432 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			


			











[bookmark: _Hlk24903459]Table A-5-7. Evaluation Result of Indoor Hotspot – eMBB (30GHz_LargerBW_12TRxP)


			eMBB - Indoor Hotspot


			30GHz_Larger_BW_12TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			40


			9


			-


			8.495 fdd


			


			MU-MIMO





			


			Uplink


			A/B


			


			6.75


			-


			7.657 fdd


			


			MU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			40


			0.3


			-


			0.313 tdd


			


			MU-MIMO





			


			Uplink


			A/B


			


			0.21


			


			


			


			SU- MIMO





			


			


			


			


			


			-


			0.394 fdd


			


			MU-MIMO











			eMBB - Indoor Hotspot


			30GHz_Larger_BW_12TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			100


200


400


			9


			12.034 tdd(80)


14.399 tdd(200)


14.966 tdd(400)


			13.900 tdd(80)


16.875 tdd(200)


			


			8.474 tdd


9.796 tdd


10.457 tdd


			MU-MIMO





			


			Uplink


			A/B


			


			6.75


			


			


			


			


			





			


			


			


			


			


			6.900 fdd


			10.190 tdd


			


			11.439 tdd


			MU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			100


200


400


			0.3


			0.486 tdd (80)


0.582 tdd (200)


0.604 tdd (400)


			0.348 tdd (80)


0.422 tdd (200)


			


			0.343 tdd 


0.396 tdd


0.423 tdd


			MU-MIMO





			


			


			


			


			


			


			


			


			


			SU-MIMO





			


			Uplink


			A/B


			


			0.21


			0.300 fdd


			0.312 tdd


			


			0.425 tdd


			MU-MIMO











[bookmark: _Hlk24903582]Table A-5-8. Evaluation Result of Indoor Hotspot – eMBB (30GHz_LargerBW_36TRxP)


			eMBB - Indoor Hotspot


			30GHz_Larger_BW_36TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			


			9


			-


			


			


			MU-MIMO





			


			Uplink


			A/B


			


			6.75


			-


			


			


			MU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			


			0.3


			-


			


			


			MU-MIMO





			


			Uplink


			A/B


			


			0.21


			-


			


			


			MU-MIMO











			eMBB - Indoor Hotspot


			30GHz_Larger_BW_36TRxP





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A/B


			100


200


400


			9


			


			


			


			8.687 tdd


10.042 tdd


10.720 tdd


			MU-MIMO





			


			Uplink


			A/B


			


			6.75


			


			


			


			10.383 tdd


			MU-MIMO





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A/B


			100


200


400


			0.3


			


			


			


			0.293 tdd


0.338 tdd


0.361 tdd


			MU-MIMO





			


			Uplink


			A/B


			


			0.21


			


			


			


			0.310 tdd


			MU-MIMO












A-5.2 eMBB Dense Urban Test Environment





Table A-5-9. Evaluation Result of Dense Urban – eMBB (4GHz)


			eMBB – Dense Urban


			4GHz





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			7.8


			9.710


			10.650


			8.966


			MU-MIMO





			


			


			B


			


			9.630


			-


			


			





			


			Uplink


			A


			5.4


			6.502 fdd


			-


			6.720


			SU-MIMO





			


			


			B


			


			6.431 fdd


			-


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.225


			0.289


			0.308


			0.443


			MU-MIMO





			


			


			B


			


			0.309


			-


			


			





			


			Uplink


			A


			0.15


			0.343 fdd


			-


			0.201


			SU-MIMO





			


			


			B


			


			0.310 fdd


			-


			


			











			eMBB – Dense Urban


			4GHz





			Performance Requirement


			Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			7.8


			


			12.200 tdd


			9.200


			14.814 fdd


12.245 tdd


			MU-MIMO





			


			


			B


			


			10.776 tdd


			


			


			


			





			


			Uplink


			A


			5.4


			


			7.280 tdd


			6.735 fdd


			22.479 fdd


20.808 tdd


			MU-MIMO





			


			


			B


			


			5.513 tdd


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.225


			


			0.296


tdd


			0.330


			0.537 fdd


0.443 tdd


			MU-MIMO





			


			


			B


			


			0.361 tdd


			


			


			


			





			


			Uplink


			A


			0.15


			


			0.163 tdd


			0.277 fdd


			0.528 fdd


0.488 tdd


			MU-MIMO





			


			


			B


			


			0.174 tdd


			


			


			


			











Table A-5-10. Evaluation Result of Dense Urban – eMBB (4GHz_LargerBW)


			eMBB – Dense Urban


			4GHz_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			7.8


			9.710


			10.650


			


			MU-MIMO





			


			


			


			20


			


			11.033


			12.101


			


			





			


			


			


			40


			


			11.819


			12.964


			


			





			


			


			B


			10


			


			9.630


			


			


			





			


			


			


			20


			


			10.942


			


			


			





			


			


			


			40


			


			11.722


			


			


			





			


			Uplink


			A


			


			5.4


			6.502 fdd


			


			


			SU-MIMO





			


			


			B


			


			


			6.431


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.225


			0.289


			0.308


			


			MU-MIMO





			


			


			


			20


			


			0.328


			0.350


			


			





			


			


			


			40


			


			0.352


			0.375


			


			





			


			


			B


			10


			


			0.309


			


			


			





			


			


			


			20


			


			0.351


			


			


			





			


			


			


			40


			


			0.376


			


			


			





			


			Uplink


			A


			


			0.15


			0.343 fdd


			


			


			SU-MIMO





			


			


			B


			


			


			0.310


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			











			eMBB – Dense Urban


			4GHz_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			7.8


			


			


			9.200 tdd


			14.814


			MU-MIMO





			


			


			


			20


			


			


			12.200 tdd


			10.315 tdd


			16.837 fdd


12.245 tdd


			





			


			


			


			40


			


			


			14.823 tdd


			10.987 tdd


			18.039 fdd


14.560 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			10.776 tdd


			


			


			


			





			


			


			


			40


			


			12.562 tdd


13.778 tdd (100)


			


			


			


			





			


			Uplink


			A


			


			5.4


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			7.280 tdd


			6.735 fdd


			22.479 fdd


20.808 tdd


			MU-MIMO





			


			


			B


			


			


			5.513 tdd


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.225


			


			


			0.330 tdd


			0.537


			MU-MIMO





			


			


			


			20


			


			


			0.296 tdd


			0.370 tdd


			0.611 fdd


0.443 tdd


			





			


			


			


			40


			


			


			0.359 tdd


			0.394 tdd


			0.654 fdd


0.527 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			0.361 tdd


			


			


			


			





			


			


			


			40


			


			0.421 tdd


0.462 tdd (100)


			


			


			


			





			


			Uplink


			A


			


			0.15


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			0.163 tdd


			0.277 fdd


			0.528 fdd


0.488 tdd


			MU-MIMO





			


			


			B


			


			


			0.174 tdd


			


			


			


			








Table A-5-10-1. Evaluation Result of Dense Urban – eMBB (30GHz_LargerBW)


			eMBB – Dense Urban


			30GHz_LargerBW





			Performance Requirement


			Category


			Bandwidth


			Req.


			Source #51)


			Source #42)


			Source #23)


			Source #34)


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			80


			7.8


			21.6


16.9


			9.38


			8.37


			8.03


			MU-MIMO


TDD





			


			


			200


			


			24.2


18.9


			10.77


			9.62


			


			





			


			


			400


			


			25.4


19.8


			11.36


			10.15


			


			





			


			Uplink


			80


			5.4


			11.3


			5.52


			5.75


			


			MU-MIMO


TDD





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			80


			0.225


			0.58


0.44


			0.28


			0.26


			0.30


			MU-MIMO


TDD





			


			


			200


			


			0.65


0.49


			0.32


			0.30


			


			





			


			


			400


			


			0.68


0.51


			0.34


			0.32


			


			





			


			Uplink


			80


			0.15


			0.41


			0.16


			0.22


			


			MU-MIMO


TDD





			Note 1) 100 % low loss penetration is considered.


Note 2) 3) Admission control, where UE’s with path loss larger than 128 and 125 dB are excluded, respectively


Note 4) All outdoor UEs are assumed.














A-5.3	eMBB Rural Test Environment 





Table A-5-11. Evaluation Result of Rural – eMBB (700MHz)


			eMBB – Rural


			700MHz





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			3.3


			9.420


			7.040


			7.098


			MU-MIMO





			


			


			B


			


			9.080


			


			


			





			


			Uplink


			A


			1.6


			2.948 fdd


			


			3.530


			SU-MIMO





			


			


			B


			


			2.917 fdd


			


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.12


			0.160


			0.180


			0.386


			MU-MIMO





			


			


			B


			


			0.171


			


			


			





			


			Uplink


			A


			0.045


			0.132 fdd


			


			0.0733


			SU-MIMO





			


			


			B


			


			0.123 fdd


			


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			











			eMBB – Rural


			700MHz





			Performance Requirement


			Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			3.3


			


			


			


			15.284 fdd


12.611 tdd


			MU-MIMO





			


			


			B


			


			6.606


tdd


			


			


			


			





			


			Uplink


			A


			1.6


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			


			


			15.550 fdd


14.396 tdd


			MU-MIMO





			


			


			B


			


			4.190 tdd


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.12


			


			


			


			0.472 fdd


0.390 tdd


			MU-MIMO





			


			


			B


			


			0.132


tdd


			


			


			


			





			


			Uplink


			A


			0.045


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			


			


			0.632 fdd


0.585 fdd


			MU-MIMO





			


			


			B


			


			0.223 tdd


			


			


			


			











Table A-5-12. Evaluation Result of Rural – eMBB (4GHz)


			eMBB – Rural


			4GHz





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			3.3


			12.580


			


			10.499


			MU-MIMO





			


			


			B


			


			11.960


			12.290


			


			





			


			Uplink


			A


			1.6


			3.525 fdd(1x32)


6.267 fdd(2x32)


			


			4.317


			SU-MIMO





			


			


			B


			


			6.160 fdd


			


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.12


			0.120


			


			0.657


			MU-MIMO





			


			


			B


			


			0.126


			0.290


			


			





			


			Uplink


			A


			0.045


			0.140 fdd(1x32)


0.234 fdd(2x32)


			


			0.0549


			SU-MIMO





			


			


			B


			


			0.187 fdd


			


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			











			eMBB – Rural


			4GHz





			Performance Requirement


			Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			3.3


			


			17.375 tdd 


			9.700 fdd


8.658 tdd


			18.007 fdd


14.857 tdd


			MU-MIMO





			


			


			B


			


			10.361 tdd


			


			


			


			





			


			Uplink


			A


			1.6


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			10.731 tdd


			8.913 fdd


			23.009 fdd


21.301 tdd


			MU-MIMO





			


			


			B


			


			9.204 tdd


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.12


			


			0.425 tdd 


			0.269 fdd


0.190 tdd


			0.471 fdd


0.389 tdd


			MU-MIMO





			


			


			B


			


			0.129 tdd


			


			


			


			





			


			Uplink


			A


			0.045


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			0.073 tdd


			0.123 fdd


			0.283 fdd


0.262 tdd


			MU-MIMO





			


			


			B


			


			0.110 tdd


			


			


			


			











Table A-5-13. Evaluation Result of Rural – eMBB (LMLC)


			eMBB – Rural


			LMLC





			Performance Requirement


			Category


			Channel model


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			3.3


			9.530


			


			6.417


			MU-MIMO





			


			


			B


			


			9.457


			8.180


			


			





			


			Uplink


			A


			1.6


			4.298 fdd


			


			


			SU-MIMO





			


			


			B


			


			4.226 fdd


			


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.12


			0.220


			


			0.259


			MU-MIMO





			


			


			B


			


			0.211


			0.210


			


			





			


			Uplink


			A


			0.045


			0.188 fdd


			


			


			SU-MIMO





			


			


			B


			


			0.179 fdd


			


			


			





			


			


			A


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			











			eMBB – Rural


			LMLC





			Performance Requirement


			Category


			Channel model


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			3.3


			


			6.011


			5.400 fdd


5.241 tdd


			12.650 fdd


10.437 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			


			Uplink


			A


			1.6


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			4.824 tdd


			4.754 fdd


			11.443 fdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			0.12


			


			


			0.179 fdd


0.160 tdd


			0.421 fdd


0.347 tdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			


			Uplink


			A


			0.045


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			





			


			


			A


			


			


			-


			0.119 fdd


			0.087 fdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			











Table A-5-14. Evaluation Result of Rural – eMBB (700MHz_LargerBW)


			eMBB – Rural


			700MHz_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			3.3


			9.420


			7.040


			


			MU-MIMO





			


			


			


			20


			


			10.658


			7.965


			


			





			


			


			


			40


			


			11.397


			8.517


			


			





			


			


			B


			10


			


			9.080


			


			


			





			


			


			


			20


			


			10.273


			


			


			





			


			


			


			40


			


			10.985


			


			


			





			


			Uplink


			A


			


			1.6


			2.948 fdd


			


			


			SU-MIMO





			


			


			B


			


			


			2.917 fdd


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.12


			0.160


			0.180


			


			MU-MIMO





			


			


			


			20


			


			0.181


			0.204


			


			





			


			


			


			40


			


			0.194


			0.218


			


			





			


			


			B


			10


			


			0.171


			


			


			





			


			


			


			20


			


			0.193


			


			


			





			


			


			


			40


			


			0.207


			


			


			





			


			Uplink


			A


			


			0.045


			0.132 fdd


			


			


			SU-MIMO





			


			


			B


			


			


			0.123 fdd


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			











			eMBB – Rural


			700MHz_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			3.3


			


			


			


			15.284


			MU-MIMO





			


			


			


			20


			


			


			


			


			17.371 fdd


12.611 tdd


			





			


			


			


			40


			


			


			


			


			18.611 fdd


14.994 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			6.606 tdd


			


			


			


			





			


			


			


			40


			


			7.701 tdd


8.446 tdd (100)


			


			


			


			





			


			Uplink


			A


			


			1.6


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			


			


			15.550 fdd


14.396 tdd


			MU-MIMO





			


			


			B


			


			


			4.190 tdd


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.12


			


			


			


			0.472


			MU-MIMO





			


			


			


			20


			


			


			


			


			0.536 fdd


0.390 tdd


			





			


			


			


			40


			


			


			


			


			0.574 fdd


0.463 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			0.132 tdd


			


			


			


			





			


			


			


			40


			


			0.153 tdd


0.168 tdd (100)


			


			


			


			





			


			Uplink


			A


			


			0.045


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			


			


			0.632 fdd


0.585 tdd


			MU-MIMO





			


			


			B


			


			


			0.233 tdd


			


			


			


			











Table A-5-15. Evaluation Result of Rural – eMBB (4GMHz_LargerBW)


			eMBB – Rural


			4GHz_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			3.3


			12.580


			


			


			MU-MIMO





			


			


			


			20


			


			14.233


			


			


			





			


			


			


			40


			


			15.220


			


			


			





			


			


			B


			10


			


			11.960


			12.290


			


			





			


			


			


			20


			


			13.532


			13.945


			


			





			


			


			


			40


			


			14.470


			14.931


			


			





			


			Uplink


			A


			


			1.6


			3.525 fdd


(1x32)


6.267 fdd


(2x32)


			


			


			SU-MIMO





			


			


			B


			


			


			6.160 fdd


(2x32)


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.12


			0.120


			


			


			MU-MIMO





			


			


			


			20


			


			0.138


			


			


			





			


			


			


			40


			


			0.145


			


			


			





			


			


			B


			10


			


			0.126


			0.290


			


			





			


			


			


			20


			


			0.143


			0.329


			


			





			


			


			


			40


			


			0.152


			0.352


			


			





			


			Uplink


			A


			


			0.045


			0.140 fdd


(1x32)


0.234 fdd


(2x32)


			


			


			SU-MIMO





			


			


			B


			


			


			0.187 fdd


(2x32)


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			











			eMBB – Rural


			4GHz_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			3.3


			


			


			9.700


			18.007


			MU-MIMO





			


			


			


			20


			


			


			17.375 tdd NR


14.745 tdd LTE


			10.875 fdd


8.658 tdd


			20.466 fdd


14.857 tdd


			





			


			


			


			40


			


			


			21.111 tdd NR


			11.584 fdd


9.972 tdd


			21.927 fdd


17.666 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			10.360 tdd


			


			


			


			





			


			


			


			40


			


			12.077 tdd


13.246 tdd (100)


			


			


			


			





			


			Uplink


			A


			


			1.6


			


			10.731 tdd


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			


			8.913 fdd


			23.009 fdd


21.301 tdd


			MU-MIMO





			


			


			B


			


			


			9.204 tdd


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.12


			


			


			0.269


			0.471


			MU-MIMO





			


			


			


			20


			


			


			0.425 tdd NR


0.357 tdd LTE


			0.302 fdd


0.190 tdd


			0.535 fdd


0.389 tdd


			





			


			


			


			40


			


			


			0.517 tdd NR


			0.321 fdd


0.219 tdd


			0.573 fdd


0.462 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			0.129 tdd


			


			


			


			





			


			


			


			40


			


			0.150 tdd


0.164 tdd (100)


			


			


			


			





			


			Uplink


			A


			


			0.045


			


			0.073 tdd


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			


			0.123 fdd


			0.283 fdd


0.262 tdd


			MU-MIMO





			


			


			B


			


			


			0.110 tdd


			


			


			


			











Table A-5-16. Evaluation Result of Rural – eMBB (LMLC_LargerBW)


			eMBB – Rural


			LMLC_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #1


			Source #2


			Source #3


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			3.3


			9.530


			


			


			MU-MIMO





			


			


			


			20


			


			10.782


			


			


			





			


			


			


			40


			


			11.530


			


			


			





			


			


			B


			10


			


			9.457


			8.180


			


			





			


			


			


			20


			


			10.700


			9.255


			


			





			


			


			


			40


			


			11.441


			9.896


			


			





			


			Uplink


			A


			


			1.6


			4.298 fdd


			


			


			SU-MIMO





			


			


			B


			


			


			4.226 fdd


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.12


			0.220


			


			


			MU-MIMO





			


			


			


			20


			


			0.249


			


			


			





			


			


			


			40


			


			0.266


			


			


			





			


			


			B


			10


			


			0.211


			0.210


			


			





			


			


			


			20


			


			0.239


			0.238


			


			





			


			


			


			40


			


			0.255


			0.254


			


			





			


			Uplink


			A


			


			0.045


			0.188 fdd


			


			


			SU-MIMO





			


			


			B


			


			


			0.179 fdd


			


			


			





			


			


			A


			


			


			


			


			


			MU-MIMO





			


			


			B


			


			


			


			


			


			











			eMBB – Rural


			LMLC_LargerBW





			Performance Requirement


			Category


			Channel model


			Bandwidth


			Req.


			Source #4


			Source #5


			Source #6


			Source #7


			Note





			Average spectral efficiency
(bps/Hz/TRxP)


			Downlink


			A


			10


			3.3


			


			


			5.400


			12.650


			MU-MIMO





			


			


			


			20


			


			


			6.011 tdd


			6.054 fdd


5.241 tdd


			14.378 fdd


10.437 tdd


			





			


			


			


			40


			


			


			7.303 fdd


			6.449 fdd


6.037 tdd


			15.404 fdd


12.410 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			


			


			


			


			





			


			


			


			40


			


			


			


			


			


			





			


			Uplink


			A


			


			1.6


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			4.824 fdd


			4.754 fdd


			11.443 fdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			


			





			5th percentile user spectral efficiency (bps/Hz)


			Downlink


			A


			10


			0.12


			


			


			0.179


			0.421


			MU-MIMO





			


			


			


			20


			


			


			


			0.201 fdd


0.160 tdd


			0.479 fdd


0.347 tdd


			





			


			


			


			40


			


			


			


			0.214 fdd


0.184 tdd


			0.513 fdd


0.413 tdd


			





			


			


			B


			10


			


			


			


			


			


			





			


			


			


			20


			


			


			


			


			


			





			


			


			


			40


			


			


			


			


			


			





			


			Uplink


			A


			


			0.045


			


			


			


			


			SU-MIMO





			


			


			B


			


			


			


			


			


			


			





			


			


			A


			


			


			


			- 


			0.119 fdd


			0.087 fdd


			MU-MIMO





			


			


			B


			


			


			


			


			


			


			












A-6	Results of Area Traffic Capacity


Five contributions from Ericsson, Intel, LGE, Nokia and Samsung are considered for the evaluation of Area Traffic Capacity (ATC). As the ATC requirement is defined only for the Indoor Hotspot-eMBB Test scenario, the system-level simulation results from the corresponding test scenario are considered with the required bandwidth. All of five contributions show that the 5G NR meets the ATC requirement.





The results from Ericsson, shown below, indicate that the ATC requirement is met when the bandwidths are larger than 219 MHz.


System performance in the 5G InH scenario (Ericsson)


			Bandwidth, 


			Area traffic capacity,  [Mbit/s/m2]





			100 MHz


			4.5 





			219 MHz


			10





			1 GHz


			45











The results from Intel, shown below, consider the carrier frequencies of 4GHz and 30GHz with 12/36 TRxP and FDD/TDD configurations. The ATC requirements are met if the bandwidth is larger than of 119 – 641 MHz, depending upon the configurations. Details can be found in the table shown below. 





Carrier frequency of 4 GHz (Intel)


Average Cell Spectral Efficiency


			Downlink


Spectral Efficiency


(bits/s/Hz)


			Indoor Hotspot eMBB Configuration A 


CF = 4GHz, SCS = 15kHz, Channel Model A





			


			12 TRxP


			36 TRxP





			


			FDD


			TDD


			FDD


			TDD





			


Average ()


			11.832


			11.163


			14.011


			13.219











Required Bandwidth to Meet IMT-2020 Target Area Traffic Capacity


			IMT-2020 Minimum


Requirement


			Bandwidth (MHz) Required to Satisfy 


Minimum Requirement





			


			12 TRxP


			36 TRxP





			


			FDD


			TDD


			FDD


			TDD





			10 Mbit/sec/m2


			423


			592


			119  


			167











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











Carrier frequency of 30 GHz (Intel)


Average Cell Spectral Efficiency


			Downlink


Spectral Efficiency


(bits/s/Hz)


			Indoor Hotspot eMBB Configuration B 


CF = 30GHz, SCS = 120kHz, 


Channel Model B, TDD





			


			12 TRxP


			36 TRxP





			


Average ()


			10.308


			10.567











Required Bandwidth to Meet IMT-2020 Target Area Traffic Capacity


			IMT-2020 Minimum


Requirement


			Bandwidth (MHz) Required to Satisfy


Minimum Requirement





			


			12 TRxP


			36 TRxP





			10 Mbit/sec/m2


			641


			209











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











The results from LGE, shown below, indicate that at the carrier frequency of 4 GHz, the ATC requirement is met when the bandwidth are larger than 450 MHz, respectively.


Area traffic capacity for Indoor Hotspot-eMBB with 12 Site (4GHz) (LGE)


			Bandwidth, W (MHz)


			12 TRxP (ρ=0.002) (Mbit/s/m2)


			Requirement (Mbit/s/m2)





			350


			8.015


			10





			400


			9.16


			





			450


			10.305


			





			500


			11.45


			








 


The results from Nokia, shown below, indicate that the ATC requirement is met when the bandwidths are larger than or equal to 510 and 459 MHz for DL FDD and DL TDD configurations, respectively.





Area Traffic Capacity (Nokia)


			Direction and Duplexing


			Minimum Required Bandwidth





			DL FDD


			510 MHz





			DL TDD


			459 MHz











The results from Samsung, shown below, indicate that at the carrier frequency of 4 GHz, the ATC requirement is met when the bandwidths are larger than 130 and 400 MHz for 36 and 12 TRxP configurations, respectively.


Area traffic capacity for Indoor Hotspot-eMBB with 36 Site (4GHz) (Samsung)


			Bandwidth, W (MHz)


			36 TRxP (ρ=0.006) (Mbit/s/m2)


			Requirement (Mbit/s/m2)





			100


			7.938


			10





			130


			10.3194


			





			150


			11.907


			








Area traffic capacity for Indoor Hotspot-eMBB with 12 Site (4GHz) (Samsung)


			Bandwidth (MHz)


			12 TRxP


			Requirement (Mbit/s/m2)





			350


			9.21


			10





			400


			10.53


			





			450


			11.84


			












A-7	Results of User Plane Latency 


Contributions from Ericsson and Nokia are considered for the evaluation of User Plane Latency (UPL). There are two UPL requirements – 1 ms for URLLC and 4ms eMBB. UPLs are obtained by analysis for several different configurations including sub-carrier spacing, retransmission and TTI in terms of OFDM symbols. All the contributions show that the 5G NR meets the UPL requirements.





The results from Ericsson, shown below, indicate that the following observations. 


· NR FDD can fulfill the 4ms UP latency target with 15kHz SCS.


· NR FDD can fulfill the 1ms UP latency target with 15kHz SCS, mini-slots, and UL configured grants.


· NR TDD can fulfill the 4ms UP latency target with 15 kHz SCS, mini-slot and configured UL grants.


· NR TDD can fulfill the 1ms UP latency target with 120 kHz SCS, mini-slots and configured UL grants.


· From the above, the conclusion from Ericsson is that NR fulfills the IMT-2020 requirements on latency.





FDD UP one-way latency for data transmission with HARQ-based retransmission, compared to the 1ms (green) and 4ms (pink) requirements. (Ericsson)


			Latency (ms)


			HARQ


			15kHz SCS


			30kHz SCS


			120kHz SCS





			


			


			14-os TTI


			7-os TTI


			4-os TTI


			2-os TTI


			14-os TTI


			7-os TTI


			4-os TTI


			2-os TTI


			14-os TTI


			7-os TTI


			4-os TTI


			2-os TTI





			DL data











			1st tx


			3.2


			1.7


			1.3


			0.86


			1.7


			0.91


			0.7


			0.48


			0.55


			0.43


			0.38


			0.31





			


			1 retx


			6.2


			3.2


			2.6


			1.7


			3.1


			1.6


			1.3


			0.96


			1.1


			0.87


			0.76


			0.63





			


			2 retx


			9.2


			4.7


			3.6


			2.6


			4.7


			2.4


			2


			1.5


			1.6


			1.3


			1.1


			0.96





			


			3 retx


			12


			6.2


			4.6


			3.4


			6.1


			3.1


			2.7


			2


			2.1


			1.7


			1.5


			1.3





			UL data (SR)


			1st tx


			5.5


			3


			2.5


			1.8


			2.8


			1.5


			1.3


			0.93


			1.2


			1.1


			1


			0.89





			


			1 retx


			9.4


			4.9


			3.9


			2.6


			4.7


			2.4


			2


			1.4


			1.9


			1.7


			1.6


			1.3





			


			2 retx


			12


			6.4


			4.9


			3.5


			6.2


			3.2


			2.6


			1.9


			2.6


			2.3


			2.1


			1.8





			


			3 retx


			15


			7.9


			5.9


			4.4


			7.7


			3.9


			3.3


			2.3


			3.2


			2.8


			2.6


			2.2





			UL data (CG)








			1st tx


			3.4


			1.9


			1.4


			0.93


			1.7


			0.95


			0.7


			0.48


			0.7


			0.57


			0.52


			0.45





			


			1 retx


			6.4


			3.4


			2.6


			1.8


			3.2


			1.7


			1.4


			0.93


			1.3


			1.1


			1.1


			0.89





			


			2 retx


			9.4


			4.9


			3.9


			2.6


			4.7


			2.4


			2


			1.4


			1.9


			1.7


			1.6


			1.3





			


			3 retx


			12


			6.4


			4.9


			3.5


			6.2


			3.2


			2.6


			1.9


			2.6


			2.3


			2.1


			1.8











[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]TDD UP one-way latency for data transmission with alternating DL-UL slot pattern, compared to the 1ms (green) and 4ms (pink) requirements. (Ericsson)


			Latency (ms)


			HARQ


			15kHz SCS


			30kHz SCS


			120kHz SCS





			


			


			14-os TTI


			7-os TTI


			4-os TTI


			14-os TTI


			7-os TTI


			4-os TTI


			14-os TTI


			7-os TTI


			4-os TTI





			DL data











			1st tx


			4.2


			2.7


			2.3


			2.2


			1.4


			1.2


			0.68


			0.55


			0.51





			


			1 retx


			8.2


			4.7


			4.3


			4.1


			2.4


			2.2


			1.4


			1.1


			1





			


			2 retx


			12


			6.7


			6.3


			6.2


			3.4


			3.2


			2.2


			1.6


			1.5





			


			3 retx


			16


			8.7


			8.3


			8.1


			4.4


			4.2


			2.9


			2.1


			2





			UL data (SR)











			1st tx


			7.5


			4.5


			4.1


			3.8


			2.3


			2.1


			1.5


			1.2


			1.2





			


			1 retx


			12


			6.9


			6.4


			6.2


			3.4


			3.2


			2.3


			1.9


			1.7





			


			2 retx


			16


			8.9


			8.4


			8.2


			4.5


			4.2


			3.1


			2.5


			2.2





			


			3 retx


			20


			11


			10


			10


			5.4


			5.2


			3.8


			3.2


			2.7





			UL data (CG)











			1st tx


			4.4


			2.9


			2.4


			2.2


			1.4


			1.2


			0.82


			0.7


			0.64





			


			1 retx


			8.4


			4.9


			4.4


			4.2


			2.5


			2.2


			1.6


			1.3


			1.2





			


			2 retx


			12


			6.9


			6.4


			6.2


			3.4


			3.2


			2.3


			1.9


			1.7





			


			3 retx


			16


			8.9


			8.4


			8.2


			4.5


			4.2


			3.1


			2.5


			2.2











The results from Nokia show several observations from four configurations. Results and observations are different depending upon the UE capabilities (the non-latency optimized UE category 1 and the latency optimized UE category 2) and the DL/UL configurations (FDD, dynamic TDD and static TDD).





For the non-latency optimized UE category 1 in FDD and dynamic TDD allocations, following observations and conclusions are drawn. 


· 4 ms eMBB latency target with 10% average retransmission probability:


· For downlink, operating with a full 14-symbol (or shorter) scheduling allocation, with an average retransmission probability of 10%, all supported subcarrier spacings meet the eMBB latency requirement of 4 ms. 


· For grant-based uplink, operating with full 14-symbol (or shorter) scheduling allocation, with an average retransmission probability of 10%, SCSs of 30, 60 and 120 kHz subcarrier spacings meet the eMBB latency requirement of 4 ms, while with 15 kHz SCS, either a 7-symbol allocation or grant-free operation is needed to meet the 4 ms requirement.


· 1 ms URLLC latency target with 1 HARQ retransmission and the worst-case timing:


· For downlink, operating with 120 kHz subcarrier spacing and 7-symbol (or shorter) scheduling allocation, the worst-case latency with 1 HARQ retransmission meets the URLLC latency requirement of 1 ms. 


· For uplink, operating with 120 kHz subcarrier spacing and 7-symbol (or shorter) grant free scheduling allocation, the worst-case latency with 1 HARQ retransmission meets the URLLC latency requirement of 1 ms.





For the latency optimized UE category 2 UP in FDD and dynamic TDD allocations, following observations and conclusions are drawn.


· 4 ms eMBB latency target with 10% average retransmission probability:


· For both UL and DL grant-based operation with full 14 symbol (or shorter) scheduling allocations and with all subcarrier spacings the eMBB latency requirement of 4 ms is met.


· 1 ms URLLC latency target with 1 HARQ retransmission and worst-case timing:


· 120 kHz subcarrier spacing does not define the latency optimized UE processing category, but the requirement can be met even with the non-latency optimized UE processing category 1.


· the URLLC latency requirement of 1 ms with subcarrier spacings 30 and 60 kHz using 2-symbol slot scheduling and 1 HARQ retransmission is met with the worst- case timing


· With larger scheduling allocations, the URLLC latency requirement can be met with subcarrier spacings 30 and 60 kHz for 10% HARQ retransmission probability.


· The average latency for DL and grant-free UL at 30 kHz can meet the URLLC latency requirement when there is no retransmission even with full 14-symbols slot-based scheduling.


· The average latency for DL and grant-free UL at 60 kHz can meet the URLLC latency requirement when there is 10% HARQ retransmission or without retransmission even with full 14-symbols slot-based scheduling.


· For 4-symbols and 2-symbols slot schedulings, the URLLC latency requirement can be met with 10% HARQ retransmission or without retransmission even with 15 kHz subcarrier spacing.





For the non-latency optimized UE category 1 (eMBB) in a 5-slot long static TDD configuration of DDDXU, which naturally severely limits the worst-case latency, following observations and conclusions are drawn.


· 4 ms eMBB latency target with 10% average retransmission probability:


· For downlink, operating with a full 14-symbol (or shorter) scheduling allocation, with an average retransmission probability of 10%, 30, 60 and 120 kHz SCS meet the eMBB latency requirement of 4 ms.


· For grant-based uplink, operating with a full 14-symbol (or shorter) scheduling allocation, with an average retransmission probability of 10%, 30, 60 and 120 kHz SCS meet the eMBB latency requirement of 4 ms, while grant-free uplink meets the requirement also with 15 kHz SCS.





[bookmark: _Hlk521701359]For the latency optimized UE category 2 (URLLC) in 5-slot long static TDD configuration of DDDXU, which naturally severely limits the worst-case latency, following observations and conclusions are drawn.


· The analysis in this contribution indicates that the 3GPP specifications can meet the URLLC latency requirement of 1 ms for the analysed static TDD configuration, but not for the worst-case packet with 1 HARQ retransmission. For downlink and grant-free uplink, the requirement can be met on average with subcarrier spacings 30 and 60 kHz using even full 14-symbol slot scheduling and taking 10% HARQ retransmission into account. With shorter data allocation durations, the 1 ms latency requirement can be met on average for subcarrier spacings 30 and 60 kHz and taking 10% HARQ retransmission into account.






A-8	Results of Control Plane Latency 


Contributions from Ericsson and Nokia are considered for the evaluation of Control Plane Latency (CPL). The CPL requirement is 20 ms. Several configurations are considered for the CPL analysis. All the contributions show that the 5G NR meets the CPL requirement.





[bookmark: _Hlk493257351]The results from Ericsson, shown below, indicate that the CPL requirement is met in the following configurations. 


Achievable CP latency for NR Rel-15 in ms for TDD with alternating UL-DL pattern (Ericsson)


			CP latency (ms)


			15kHz SCS


			30kHz SCS


			120kHz SCS





			14-symbol TTI


			20


			13


			8.5





			7-symbol TTI


			13


			9.5


			7.3





			4-symbol TTI


			10


			8.0


			6.7











Achievable CP latency for NR Rel-15 in ms for TDD with UL-DL-DL-DL pattern (Ericsson)


			CP latency (ms)


			15kHz SCS


			30kHz SCS


			120kHz SCS





			14-symbol TTI


			18


			12


			9.3





			7-symbol TTI


			12


			9.0


			7.6





			4-symbol TTI


			9.4


			7.7


			6.9











The results from Nokia, shown below, indicate that the CPL requirement is met in the following configurations. 


C-plane latency calculation for TDD 


			SCS


			Case 1 (DL-UL)


			Case 2 (DL-DL-DL-DL-UL)





			


			TTI = 7


			TTI = 14 


			TTI = 7 


			TTI = 14 





			15 kHz


			24 TTI = 12 ms 


			15 TTI = 15 ms


			29 TTI = 14.5 ms


			18 TTI = 18 ms





			30 kHz


			42 TTI = 10.5 ms 


			24 TTI = 12 ms


			41 TTI = 10.25 ms


			23 TTI = 11.5 ms





			60 kHz


			72 TTI = 9 ms


			38 TTI = 9.5 ms


			76 TTI = 9.5 ms


			41 TTI = 10.25 ms





			120 kHz


			130 TTI = 8.125 ms 


			68 TTI = 8.5 ms


			133 TTI = 8.3125 ms


			71 TTI = 8.875 ms











C-plane latency calculation for FDD 


			SCS


			Latency [ms]





			


			TTI = 7


			TTI = 14 





			15 kHz


			12.0686


			13.5686





			30 kHz


			10.1043


			10.8543





			60 kHz


			8.7721


			9.1471





			120 kHz


			8.0211


			8.2086












A-9	Results of Connection Density


Contributions from Ericsson and Nokia are considered for the evaluation of Connection Density. The requirement of the connection density is 1,000,000 connections per km2. Full buffer simulation (by Ericsson) results and non-full buffer simulation (by Nokia) results are considered. All the results show that the 5G NR meets the Connection Density requirement.





The results of full buffer simulation for 5G NR by Ericsson are summarized as follows. The bandwidth of 180kHz is assumed.


99th percentile delay D recorded in Step 3 defined in Report ITU-R M.2412 (Ericsson)


			


			Conf A, UMA A


			Conf A, UMA B


			Conf B, UMA A


			Conf B, UMA B





			NR


			0,008


			0,009


			0,101


			0,093








Connection density C recorded in Step defined in Report ITU-R M.2412 (Ericsson)


			


			Conf A, UMA A


			Conf A, UMA B


			Conf B, UMA A


			Conf B, UMA B





			NR


			30 066 283


			29 844 621


			1 269 767


			1 575 368











The conclusions of the non-full buffer simulation for 5G NR by Nokia are drawn as follows. The packet delay PDF in terms of the number of HARQ attempts required for successful transmission is obtained. It shows that all packet transmissions were successful in fewer than 1000 HARQ attempts for both configurations. Since a HARQ retransmission can occur in less than 10 ms, the maximum delay time is less than 10 seconds and the packet outage rate at these loading levels is zero. Therefore, the results place a lower bound on the number of supported connections at the required connection density.


From these, Nokia’s observation is that NR can meet the connection density requirement in both Configuration A and B in the Urban Macro – mMTC environment.









A-10	Results of Energy Efficiency 


Contributions from Ericsson and Nokia are considered for the evaluation of Energy Efficiency. The requirement of the Energy Efficiency is to have a “Capability to support a high sleep ratio and long sleep duration”. Observations expressed in Ericsson and Nokia’s contributions indicate that 5G NR has a “Capability to support a high sleep ratio and long sleep duration”, and therefore the Energy Efficiency requirement is met.





Observations from Ericsson is summarized as follow: 


LTE networks are dominated by idle mode power consumption. NR supports significantly longer network DTX durations and have a significantly larger DTX duration. We conclude that this result in significantly lower idle mode power consumption as well. As an example, a stand-alone LSAS (large scale antenna system) base station can have a 6 times lower power consumption if we use NR compared to LTE (assuming 20 ms SSB periodicity) and more than 10 times lower power consumption is achievable for larger SSB periodicities.


For traditional 2TX macro base stations the energy saving gains with NR compared to LTE are even larger. The energy consumption can be reduced with a factor of 9 in a stand-alone case (20 ms SSB periodicity) and close to 19 times for a non-stand-alone case (SSB periodicity 160 ms).


The energy savings enabled by NR will result in significant energy cost savings for operators. It will help to reduce the carbon footprint of cellular networks even further. Lower energy consumption is of importance in off-grid areas where base stations need to be powered by on-site generated power, such as solar panels. The size of backup batteries is reduced proportionally to the average energy consumption. Also, reduced energy consumption result is reduced heat dissipation which is a major hurdle for product miniaturization. The combined techno economic effects of such large improvements in network energy performance are difficult to overestimate.





Nokia’s contribution shows some analysis on the sleep duration of 5G NR base station for several configurations of SS/PBCH block’s periodicity. After the analysis, the following conclusions are drawn: 


It can be concluded that the NR can support a very high sleep ratio and long sleep duration for the 5G NR base station, and the NR specification meets the IMT-2020 network energy efficiency requirement.






A-11	Results of Reliability


[bookmark: _Hlk24835559]Three contributions from Ericsson, Intel and Nokia are considered. System-level simulation is performed to obtain the SINR of the 5th percentile UE. Then, 1-10-5 probability of success transmission is evaluated. Simulation results and observations from these three contributors indicate that 5G NR meets the reliability requirements.





Ericsson draws the following observations regarding the Reliability evaluation.


· Observation 1: The cell-edge SINR for URLLC Conf. A is approximately 1.98 dB (DL) and 0.81 dB (UL) for channel model UMa A, and 1.93 dB (DL) and 1.77 dB (UL) for channel model UMa B.


· Observation 2: The cell-edge SINR for URLLC Conf. B is approximately 0.16 dB (DL) and 0.83 dB (UL) for channel model UMa A, and -0.06 dB (DL) and 0.65 dB (UL) for channel model UMa B.


· Observation 3: With 1 transmission using MCS1 the reliability target of 10-5 error can be met in DL and in UL with configured grant.


· Observation 4:	With MCS1 and a 7-os mini-slot, 46 PRBs are required for a 32B packet.


· Observation 5:	With 30kHz SCS and 7-os mini-slot 1 transmission can be made in FDD within 1ms.





Intel draws the following conclusions regarding the Reliability evaluation.


· It is showed that at least for Configuration A the requirements are fulfilled with single-shot transmission of PDCCH+PDSCH.





Nokia draws the following observations regarding the Reliability evaluation.


· Observation 1: The 5th percentile (cell edge) SINR’s in the Urban Macro – URLLC environment for Configuration A (4 GHz) are 9.41 dB in DL and 8.04 dB in UL.  The 5th percentile SINR’s for Configuration B (700 MHz) are 14.52 dB in DL and 10.61 dB in UL.


· Observation 2: NR can meet the IMT-2020 reliability requirements for Configuration A (4 GHz) DL with a single transmission attempt with a NLoS channel.


· Observation 3: NR can meet the IMT-2020 reliability requirements for Configuration A (4 GHz) UL with a single transmission attempt with a LoS channel.


· Observation 4: NR can meet the IMT-2020 reliability requirements for Configuration B (700 MHz) DL and UL with a single transmission attempt with a NLoS channel.






A-12	Results of Mobility


Support of a mobility class in a certain eMBB test environment is determined based on the traffic channel link data rate on the uplink, normalized by bandwidth. The traffic channel link data rate is obtained by system-level and link-level simulations. We have contributions from Ericsson, Intel, Nokia and Samsung for this evaluation. 


Based on these contributions, whose results are shown in A-13 Results of Mobility Traffic channel link data rates, following mobility classes are supported in each of eMBB test environment.


· For Indoor Hotspot eMBB, mobility classes of stationary and pedestrian are supported.


· For Dense Urban eMBB, mobility classes of Stationary, Pedestrian and Vehicular (up to 30 km/h) are supported.


· For Rural eMBB, Pedestrian, Vehicular, High speed vehicular are supported.






A-13	Results of Mobility – Traffic Channel Link Data Rates


Four contributions from Ericsson, Intel, Nokia and Samsung are considered. System-level simulation is performed to obtain SINR CDF and the median SINR value is used for the link-level simulation to get the traffic channel link data rate on the uplink, normalized by bandwidth. All of four contributions show that the 5G NR meets the requirements of mobility in all of three eMBB test environments. 





The results from Ericsson are summarized as follows.


Required and achieved SNR values for the case without OH for DL/UL switching (Ericsson)


			Test environment


			Requirement


			Required SNR 
(NLOS/LOS)


			Achieved median downlink SINR [model A/B]


			Achieved median uplink SINR
[model A/B]





			Indoor Hotspot eMBB, 1sector/site


			1.5bps/Hz at 10km/h


			8.2dB / 6.5dB


			14.5dB / 14.1dB


			14.2dB / 13.8dB





			Indoor Hotspot eMBB,


3sectors/site


			1.5bps/Hz at 10km/h


			8.2dB / 6.5dB


			11.0dB / 10.7 dB


			14.8dB / 14.5dB





			Dense Urban eMBB


			1.12bps/Hz at 30km/h


			7dB / 3.5dB


			13.0dB / 12.8dB


			8.6dB / 8.8dB





			Rural eMBB


			0.8bps/Hz at 120km/h


			7dB / 1dB


			14.9dB / 15.3dB


			8.6dB / 8.6dB





			


			0.45bps/Hz at 500km/h


			4.5dB / -1dB


			14.9dB / 15.3dB


			8.6dB / 8.6dB








Note that unlike other contributions, they obtained the required SNRs in the link-level simulation to achieve the required traffic channel link data rates and then, compared them with the achieved SINRs. As shown below, the achieved SINRs are higher than the required SNRs, the traffic channel link data rates can be higher than 1.5, 1.12, 0.8 and 0.45 bps/Hz. 





The results from Intel, shown below, indicate that there are several configuration at which the traffic channel link data rate on the uplink, normalized by bandwidth, exceeds the requirements for each of eMBB test environments.


System and Link Level Evaluation Results for Mobility (Intel)


			[bookmark: _Hlk24838000]Test Environ-ment


			CF


			SCS


(kHz)


			System Level Results


			Link Level Results





			


			


			


			50th % Pre-Processing SINR (dB)


			gNB Antenna Configuration


(M,N,P,Mp,Np)


			Power Control








			Tx Ports (UE)


			Rx Ports


(gNB)


			Normalized Link Rate


(bits/s/Hz)





			Indoor Hotspot





10 km/hr


			4 GHz,


12 TRxP


(Config. A)


			15


			9.5


			(8,8,2,2,2)


DFT beam switching


			(0.9,-90)


			2


			8


			3.207





			


			


			30


			9.19


			


			


			


			


			2.991





			


			4 GHz,


36 TRxP


(Config. A)


			15


			3.29


			(16,4,2,2,2)


Single Beam


110 downtilt


			


			


			


			1.776





			


			


			30


			3.18


			


			


			


			


			1.773





			


			30 GHz,


12 TRxP


(Config. B)


			60


			16.76


			(4,4,2,2,2)


DFT beam switching


			(0.8,-70)


			


			


			4.484





			


			


			120


			16.43


			


			


			


			


			4.270





			


			30 GHz,


36 TRxP


(Config. B)


			60


			13.91


			(8,4,2,2,2)


DFT beam switching


			(0.7,-80)


			


			


			4.127





			


			


			120


			13.29


			


			


			


			


			3.905





			Dense Urban





30 km/hr


			4 GHz


(Config. A)


			15


			4.02


			(16,2,2,2,2)


Single Beam


102 downtilt


			(0.9,-90)


			


			


			1.923





			


			


			30


			3.93


			


			


			


			


			1.925





			


			30 GHz


(Config. B)


			60


			10.56


			(16,8,2,2,2,2)


DFT beam


switching


			(0.7,-80)


			


			


			3.216





			


			


			120


			7.82


			


			


			


			


			2.665





			Rural Macro





120 km/hr


			700 MHz


(Config. A)


			15


			7.34


			(8,2,2,2,2)


Single Beam


100 downtilt


			(0.9,-90)


			


			


			2.464





			


			


			30


			7.17


			


			


			


			


			2.464





			


			4 GHz


(Config. B)


			15


			7.97


			(16,2,2,2,2)


Single Beam


100 downtilt


			


			


			


			2.750





			


			


			30


			7.1


			


			


			


			


			2.462





			Rural Macro





500 km/hr


			700 MHz


(Config. A)


			15


			7.34


			(8,2,2,2,2)


Single Beam


100 downtilt


			


(0.9,-90)


			


			


			2.730





			


			


			30


			7.17


			


			


			


			


			2.463





			


			4 GHz


(Config. B)


			15


			7.97


			(16,2,2,2,2)


Single Beam


100 downtilt


			


			


			


			2.093





			


			


			30


			7.1


			


			


			


			


			2.463











The results from Nokia, shown below, indicate that the traffic channel link data rate on the uplink, normalized by bandwidth, exceeds the requirements for each of eMBB test environments.


Extracted 50th Percentile SINR , Link SE, and Residual BLER Values (Nokia)


			Environment


			UE Speed


			50th Percentile SINR


			Link SE [bit/s/Hz]


			Residual BLER [%]





			


			


			


			FDD


			TDD


			





			Indoor Hotspot – eMBB


			10 km/h


			7.08 dB


			1.84


			1.50


			0.2





			Dense Urban – eMBB


(1,4,2) Rx Config


			30 km/h


			6.51 dB


			1.56


			1.28


			< 0.1





			Dense Urban – eMBB


(1,2,2) Rx Config


			30 km/h


			6.09 dB


			1.48


			1.21


			< 0.1





			Rural – eMBB


			120 km/h


500km/h


			6.96 dB 6.03 dB


			1.02


0.87


			0.80


0.68


			0.1


0.1











The results from Samsung, shown below, indicate that the traffic channel link data rate on the uplink, normalized by bandwidth, exceeds the requirements for the Indoor Hotspot-eMBB and Dense Urban-eMBB test environment in 30GHz.


Downlink/Uplink normalized traffic channel link data rate (Samsung)


			Test environment


			Normalized traffic channel link data rate (Bit/s/Hz)





			


			LOS


			NLOS





			Indoor Hotspot – eMBB (DL)


			4.85


			2.98





			Indoor Hotspot – eMBB (UL)


			4.76


			3.01





			Dense Urban – eMBB (DL)


			3.69


			2.21





			Dense Urban – eMBB (UL)


			0.92


			0.48












A-14	Results of Mobility Interruption Time


Ericsson’s contribution is considered for the evaluation of mobility interruption time. It includes how 0ms mobility interruption time can be achieved in 5G NR. 


· In intra-cell beam mobility


· For CA operation, during addition and release of an SCell in response to mobility (no change to PCell).






A-15	Results of Bandwidth and Scalability


Ericsson’s contribution is considered for the evaluation of bandwidth and scalability. It includes the observation that several 5G NR configurations support bandwidths of 100 MHz and above. The largest component carrier bandwidth is 400 MHz. 5G NR supports carrier aggregation of up to 16 component carriers in which case the supported 5G NR carrier bandwidth exceeds 1 GHz.


Therefore, 3GPP 5G NR meets the 100 MHz and 1 GHz bandwidth requirement and the bandwidth scalability requirement.
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Configuration table - final.docx

Avg, 5% Spectral Efficiency - InH eMBB test environment


DL/4GHz


			Technical configuration Parameters





			Reference value


			Intel


			LGE


			Samsung


			Nokia


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			FDD


			TDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256 QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PDSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			10 MHz


			20 MHz


			10 MHz


			10 MHz


			Aligned with reference


			Aligned with reference


			10 MHz





			Frame structure


			


			FDD: Full downlink


			DSUUD


			FDD: Full downlink


			FDD: Full downlink


			FDD: Full downlink


			DSUUD


			FDD: Full downlink





			Transmission scheme


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			Closed-loop SU/MU-MIMO adaptation with zero forcing.


			Closed-loop SU/MU-MIMO adaptation with zero forcing.


			MU-MIMO





			DL CSI measurement


			


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			SRS-based


			-





			DL codebook


			


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4beam, wb only, 8psk


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			Pseudo inverse of channel matrix





			PRB bundling


			


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			-





			MU dimension


			


			Up to 12 layers


			Up to 12 layers


			Up to 12 layers


			Up to 12 layers


			Up to 12 users


			Up to 8 users


			Up to 12 layers





			SU dimension


			


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 2 layers (accroding to current Type II CSI)


			For 4Rx: Up to 4 layers


			Up to 1 layer per user


			Up to 1 layer per user


			-





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			-





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			N/A


			N/A


			N/A


			N/A


			N/A


			For UE 8 Tx ports: Non-precoded SRS, 8 SRS ports
4 symbols every 10ms


			N/A





			CSI feedback


			


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slots; RI: every 5 slots;
Subband based, 5 slot delay


			CQI: every 10 slots; RI: every 10 slots
Subband based, 5 slot delay


			CQI : every 5ms





			Interference measurement


			


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			-





			CBG


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			ACK/NACK delay


			


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			-





			Re-transmission delay


			


			-


			-


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)

For 36TRxP:
    - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 2,8)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)

For 36TRxP:
    - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 2,8)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)

For 36TRxP:
    - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 2,8)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)

For 36TRxP:
    - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 2,8)
 (dH,dV) = (0.5, 0.5)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ


			(M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
    - For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
 (M,N,P,Mg,Ng; Mp,Np) = (1,4,2,1,1; 1,4)
(dH,dV) = (0.5, - )λ


			For 12TRxP: 
(M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)
(dH,dV) = (0.5,  - )λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE





			Channel estimation


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			ideal





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			





			TRxP number per site


			1


			3


			Aligned with reference


			Aligned with reference


			


			1


			1


			1


			1 / 3





			Mechanic tilt


			180° in GCS (pointing to the ground)


			[110°] in GCS


			Aligned with reference


			Aligned with reference


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			90° in LCS


			90° in LCS


			Aligned with reference


			Aligned with reference


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			


			1


			1


			


			1


			


			


			0





			UT attachment


			Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

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


			Aligned with reference


			Aligned with reference


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			No wrapping around


			Aligned with reference


			Aligned with reference


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			


			-


			-


			-


			-





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			


			-


			-


			-


			-





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			


			-


			-


			-


			-





			Analog beam selection for interfering TRxP


			-


			-


			-


			


			-


			-


			-


			-















UL/4GHz


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Nokia


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PUSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			10 MHz


			20 MHz


			10 MHz


			10 MHz


			10 MHz





			Frame structure


			


			Full uplink


			DSUUD


			Full uplink


			Full uplink


			Full uplink





			Transmission scheme


			UL codebook based SU-MIMO / MU-MIMO


			UL MU-MIMO with rank adaptation


			UL MU-MIMO with rank adaptation


			UL SU-MIMO with rank adaptation


			Closed-loop UL MU-MIMO with rank adaptation


			UL SU-MIMO with rank adaptation





			UL codebook


			


			For 4Tx: NR 4Tx codebook


			For 4Tx: NR 4Tx codebook


			For 2Tx: NR 2Tx codebook


			For 4Tx: NR 4Tx codebook


			For 4Tx: NR 4Tx codebook





			MU dimension


			


			12 layers at gNB; Max 4 layers at UE


			12 layers at gNB; Max 4 layers at UE


					N/A


			Up to 3 users


			N/A





			SU dimension


			


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers


			Up to 2 layers per user


			For 4Tx: Up to 4 layers





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Up to 2 layers per user





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			4 port non-precoded SRS 
(1 SRS resource)


			4 port non-precoded SRS 
(1 SRS resource)


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources),
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			For UE 4Tx ports: Non-precoded SRS, 4 SRS ports
4 symbols every 10ms


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)

For 36TRxP:
    - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 2,8)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)

For 36TRxP:
    - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 2,8)
 (dH,dV) = (0.5, 0.5)λ


			12TRP: For 16R, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;2,4)
 (dH,dV) = (0.5, 0.5)λ


			12TRP: For 128R, (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;8,8)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
For 36TRxP: 
     - For 32T, (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)






			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ


			12TRP: For 2T, (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			12TRP: For 4T, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=( 0.5, - )λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			UL re-transmission delay


			


			


			


			Next available UL slot after receiving retransmission indication


			Next available UL slot after receiving retransmission indication


			





			Scheduling


			PF


			MU-PF


			MU-PF


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE


			MMSE





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			ideal





			Power control parameter


			


			For 12 TRxP: P0=-90, alpha = 0.9
For 36 TRxP: P0=-100, aplha=0.8


			For 12 TRxP: P0=-90, alpha = 0.9
For 36 TRxP: P0=-100, aplha=0.8


			P0=-102, alpha = 0.7


			P0=-95, alpha = 0.8


			P0=-60, alpha = 0.6





			Power backoff model


			


			Continuous RB allocation: follow TS 38.101 for FR1; Mean IOT<10dB


			Continuous RB allocation: follow TS 38.101 for FR1; Mean IOT<10dB


			Continuous RB allocation: follow TS 38.101 for FR1;
Non-continuous RB allocation: additional 2 dB reduction


			-


			-





			System configuration parameters


			Reference Value


			


			


			


			


			





			TRxP number per site


			1


			3


			Aligned with reference


			Aligned with reference


			Aligned with reference


			1


			Aligned with reference





			Mechanic tilt


			180° in GCS (pointing to the ground)


			[110°] in GCS


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			90° in LCS


			90° in LCS


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			


			1


			1


			0


			


			0





			UT attachment


			Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			No wrapping around


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			





			Analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			















DL/30GHz


			Technical configuration Parameters


			Reference value


			Intel


			Samsung


			Qualcomm


			Ericsson


			Korea Univ.





			


			


			NR TDD


			NR TDD


			NR TDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			TDD


			TDD


			TDD


			TDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256 QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PDSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Numerology


			60 kHz / 120 kHz,
14 OFDM symbol slot


			120 kHz SCS,
14 OFDM symbol slot


			120kHz SCS,
14 OFDM symbol slot


			120kHz SCS,
14 OFDM symbol slot


			60 / 120 kHz SCS,
14 OFDM symbol slot


			60kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			5.5% (for 80 MHz)


			


			5.5% (for 80 MHz)


			5% (for 80 MHz)


			5.5% (for 80 MHz)


			5% (for 40 MHz)





			Simulation bandwdith


			80 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			40MHz





			UE antenna panel selection for data transmission and UE attachment


			The UE panel with the best receive SNR is chosen for transmission and reception


			Aligned with reference


			Two UE panels are used for transmission and reception


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Frame structure


			


			
DSUUD


			
DDDSU


			DDDU


			
DDDSU


			Full downlink





			Transmission scheme


			Analog beam selection based


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			Closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			MU-MIMO





			DL CSI measurement


			


			
Non-precoded CSI-RS based


			
Precoded CSI-RS based, non-PMI


			Non-Precoded CSI-RS based


			
Precoded CSI-RS based, non-PMI


			-





			DL codebook


			


			Type II, 4 beam, wb+sb, 8PSK


			N/A


			Ideal


			N/A


			Pseudo inverse of channel matrix





			PRB bundling


			


			


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			-





			MU dimension


			


			Up to 6 layers (with PTRS transmitted)


			Up to 6 layers (with PTRS transmitted)


			Up to 8 layers


			Up to 6 layers (with PTRS transmitted)


			Up to 12 layers





			SU dimension


			


			For 2Rx with the best receive panel: Up to 2 layers


			For 4Rx with the best receive panel: Up to 4 layers


			Up to 2 layers


			For 4Rx with the best receive panel: Up to 4 layers


			-





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			-





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			N/A


			For UE 4 Tx ports in the best panel: Non-precoded SRS, 4 SRS ports (with 4 SRS resources),
2 symbols in every 10 slots


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports, 1 symbol every 2 UL slots


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources),
2 symbols in special slot for SRS,
8 PRBs per symbol


			N/A





			CSI feedback


			


			
CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			
CQI: every 25 slot; RI: every 25 slot, CRI: every 25 slot
Subband based


			
CQI: every 8 slots; RI: every 8 slots, CRI: every 8 slots
Subband based


			
CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			CQI : every 5ms





			Interference measurement


			


			SU-CQI


			SU-CQI;CSI-IM for inter-cell interference measurement


			SU-CQI;CSI-IM for inter-cell interference measurement


			SU-CQI;CSI-IM for inter-cell interference measurement


			-





			CBG


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			ACK/NACK delay


			


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			-





			Re-transmission delay


			


			


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 12 TRxP - 32T,  (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ

For 36 TRxP - 32T,  (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;2,8)
 (dH,dV) = (0.5, 0.5)λ


			For 12 TRxP - 8T,  (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;2,2)
 (dH,dV) = (0.5, 0.5)λ


			For 12 TRxP - (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,2)
 (dH,dV) = (0.5, 0.5)λ


			For 12TRxP: 32T,  (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ


			32T,  (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			(M,N,P,Mg,Ng; Mp,Np) =  (4,4,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			For 12TRxP: 8R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,2)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			8R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,2)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE





			Channel estimation


			Non-ideal


			Non-ideal


			Non-Ideal


			Non-Ideal


			Non-ideal


			Ideal





			System configuration parameters


			Reference value


			


			


			


			


			





			TRxP number per site


			1


			3


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			1





			Mechanic tilt


			180° in GCS (pointing to the ground)


			[110°] in GCS


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


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


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			


			1


			1


			0


			0


			0





			UT attachment


			Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			No wrapping around


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			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] for 1 TRxP/site; 
[pi/2 3*pi/4] for 3 TRxPs/site
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 of RP-180524 (2D DFT beam)


			DFT Beam Selection with 
2x Oversampling


			Aligned with reference


			DFT beam selection


			Azimuth angle φi = [0],
Zenith angle θj = [pi/2]


			Aligned with reference





			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 of RP-180524 (2D DFT beam)


			DFT Beam Selection


			Aligned with reference


			DFT beam selection


			Azimuth angle φi = [-pi/4, pi/4]
Zenith angle θj = [pi/4, 3*pi/4] for 1 TRxP/site;


			Aligned with reference





			Criteria for selection for serving TRxP


			Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			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.


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Analog beam selection for interfering TRxP


			Based on the analog beam selection according to scheduling results of non-serving TRxP


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Random selecting the random beams for non-serving TRxP















UL/30GHz


			Technical configuration Parameters


			Reference value


			Intel


			Ericsson


			Samsung


			Qualcomm


			Korea Univ.





			


			


			NR TDD


			NR TDD


			NR TDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			TDD


			TDD


			TDD


			TDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PUSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Numerology


			60 kHz / 120 kHz,
14 OFDM symbol slot


			120 kHz SCS,
14 OFDM symbol slot


			60 kHz SCS,
14 OFDM symbol slot


			120KHz 
14 OFDM symbol slot


			120 KHz, 14 OFDM symbol slot


			120 KHz, 14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			


			


			


			5.5% (for 80 MHz)


			5% (for 80 MHz)


			





			Simulation bandwdith


			80 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			UE antenna panel selection for data transmission and UE attachment


			The UE panel with the best receive SNR is chosen for transmission and reception


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Frame structure


			


			DSUUD


			Full uplink


			DDDSU


			DDDU


			





			Transmission scheme


			Analog beam selection based


			UL MU-MIMO with rank adaptation


			UL MU-MIMO with rank adaptation


			UL MU-MIMO with rank adaptation


			UL SU-MIMO with rank adaptation


			UL SU-MIMO with rank adaptation





			UL codebook


			


			For 4Tx with the best Tx panel: NR 4Tx codebook


			4Tx codebook


			For 4Tx with the best Tx panel: NR 4Tx codebook


			2 Tx with best Tx Panel: Ideal


			2 Tx with best Tx Panel: Ideal





			MU dimension


			


			Up to 6 Layers at gNB


			Up to 4 Layers at gNB


			Up to 6 layers at gNB


			N/A


			N/A





			SU dimension


			


			For 4Tx with the best Tx panel: Up to 2 layers


			For 4Tx with the best Tx panel: Up to 2 layers


			For 4Tx with the best Tx panel: Up to 2 layers


			Up to 2 layers


			Up to 2 layers





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			4 port non-precoded SRS 
(1 SRS resource)


			4 port non-precoded SRS


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources),
2 symbols in special slot for SRS,
8 PRBs per symbol


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports, 1 symbol every 2 UL slots


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 12 TRxP - 32T,  (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ

For 36 TRxP - 32T,  (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;2,8)
 (dH,dV) = (0.5, 0.5)λ


			For 64R,  (M,N,P,Mg,Ng; Mp,Np) = (4,32,2,1,1;1,32)
 (dH,dV) = (0.5, 0.5)λ


			For 12 TRxP - 8R,  (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;2,2)
 (dH,dV) = (0.5, 0.5)λ


			For 12 TRxP - (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;1,1)
 (dH,dV) = (0.5, 0.5)λ


			For 12 TRxP - 8R,  (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;2,2)


 (dH,dV) = (0.5, 0.5)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			For 8R, (M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			For 4T, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			(M,N,P,Mg,Ng; Mp,Np) =  (4,4,2,1,1; 1,2)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			UL re-transmission delay


			


			Next available UL slot after receiving retransmission indication


			Next available UL slot after receiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			ideal





			Power control parameter


			


			For 12 TRxP: P0 = -70, alpha = 0.8
For 36 TRxP: P0 = -70, alpha = 0.7


			P0=-80, alpha = 0.9


			P0=-80, alpha = 0.8


			


			P0=-80, alpha = 0.8





			Power backoff model


			


			Contiguous RB allocation; Follow TS 38.101-2; Mean IOT<10dB


			Non-contiguous RB allocation; Follow TS 38.101-2


			Continuous RB allocation


			Continuous RB allocation


			-





			System configuration parameters


			Reference value


			


			


			


			


			





			TRxP number per site


			1


			3


			


			


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			180° in GCS (pointing to the ground)


			[110°] in GCS


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


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


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			


			1


			3


			0


			0


			





			UT attachment


			Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			No wrapping around


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			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] for 1 TRxP/site; 
[pi/2 3*pi/4] for 3 TRxPs/site
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 of RP-180524 (2D DFT beam)


			DFT Beam Selection
2x Oversampling


			DFT Beam Selection


			Aligned with reference


			DFT Beam selection


			DFT Beam selection





			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 of RP-180524 (2D DFT beam)


			DFT Beam Selection


			DFT Beam Selection


			Aligned with reference


			DFT Beam selection


			DFT Beam selection





			Criteria for selection for serving TRxP


			Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			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.


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Analog beam selection for interfering TRxP


			Based on the analog beam selection according to scheduling results of non-serving TRxP


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference















Avg, 5% Spectral Efficiency - Dense Urban eMBB test environment


DL/4GHz


			Technical configuration Parameters


			Reference value for NR


			Intel


			LGE


			Samsung


			Nokia


			Qualcomm


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR FDD


			NR TDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			FDD


			TDD


			TDD


			FDD


			TDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256 QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PDSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Numerology


			15KHz / 30kHz,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			30 kHz SCS, 14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz/30kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			54 RBs for 30 kHz SCS and 20 MHz BW


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			10 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			10MHz





			Frame structure


			


			Full downlink


			DSUUD


			Full downlink


			Full downlink


			Full downlink


			DSUUD


			DDSU


			Full downlink


			DDDSU


			Full downlink





			Transmission scheme


			Closed SU/MU-MIMO adaptation


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MU-MIMO


			Aligned with reference


			Aligned with reference


			MU-MIMO





			DL CSI measurement


			


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			SRS-based


			CSI-RS based


			Non-precoded CSI-RS  based


			Precoded CSI-RS based


			-





			DL codebook


			


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4beam, wb only, 8psk


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			N/A


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			Pseudo inverse of channel matrix





			PRB bundling


			


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			


			4 PRBs


			4 PRBs


			-





			MU dimension


			


			Up to 12 layers


			Up to 12 layers


			Up to 12 layers


			Up to 12 layers


			Up to 12 layers


			Up to 8 layers


			Upto 12 layers


			Up to 12 layers


			Up to 12 layers


			Up to 12 layers





			SU dimension


			


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 2 layers (according to current Type II CSI)


			For 4Rx: Up to 4 layers


			1 layer


			1 layer


			


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 4 layers


			-





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			-





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			N/A


			N/A


			N/A


			N/A


			N/A


			For 4 or 8 UE ports: Non-precoded SRS, 2 SRS ports, 4 symbols per frame


			Non precoded SRS, 4 SRS ports, 1 symbol per S/U subframe


			N/A


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources),
4 symbols per 5 slots for 15kHz SCS;
2 symbols per 5 slots for 30kHz SCS;


			N/A





			CSI feedback


			


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slots; RI: every 5 slots;
Subband based , 5 slot delay


			CQI: every 10 slots; RI: every 10 slots;
Subband based, 5 slot delay


			Every S/U subframe


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			CQI : every 5ms





			Interference measurement


			


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			-





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			ACK/NACK delay


			UE capability 1


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			1 slot


			The next available UL slot


			The next available UL slot


			-





			Re-transmission delay


			


			


			


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			3 slots


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32Tx/8Rx: (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8)
For 32Tx/4Rx:  (M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32Tx/8Rx:  (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8)
For 32Tx/4Rx:  (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ;


			For 128T: (M,N,P, Mg,Ng,Mp,Np) = (8, 16, 2, 1, 1, 4, 16)


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, 0.5)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 8Rx:  (M,N,P,Mg,Ng; Mp,Np)= (1,4,2,1,1; 1,4)
For 4Rx:  (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 8Rx:  (M,N,P,Mg,Ng; Mp,Np)= (1,4,2,1,1; 1,4)
For 4Rx:  (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4 R: (M, N, P, Mg, Ng, Mp, Np) = (1, 2, 2, 1, 1, 1, 2)


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, 0.5)λ





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			MMSE





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Ideal





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			105 degree


			102 degree


			102 degree


			102 degree


			Aligned with reference


			100 degrees


			100 degrees


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			[image: ][image: ][image: ]


			1


			1


			1


			1


			


			


			


			0


			0


			0





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Radio-distance based wrapping


			Radio-distance based wrapping


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-















UL/4GHz


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Nokia


			Qualcomm


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			TDD


			FDD


			TDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PUSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Numerology


			15KHz / 30kHz,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			30 KHz SCS, 14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz/30kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz)
TDD: 8.2% (51 RB for 30 kHz 20 MHz)
TDD: 4.6% (106 RB for 15 kHz 20 MHz)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			54 RBs 30 KHz SCS for 20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			10 MHz


			20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Frame structure


			


			Full uplink


			DSUUD


			Full uplink


			Full uplink


			DDSU


			Full uplink


			DDDSU


			Full uplink





			Transmission scheme


			UL codebook based SU-MIMO / MU-MIMO


			UL SU/MU-MIMO with rank adaptation


			UL SU/MU-MIMO with rank adaptation


			UL SU-MIMO with rank adaptation


			Closed-loop UL MU-MIMO with rank adaptation


			UL codebook-based MU-MIMO


			UL SU-MIMO with rank adaptation


			UL SU-MIMO with rank adaptation


			UL SU-MIMO with rank adaptation





			UL codebook


			


			For 4Tx: NR 4Tx codebook


			For 4Tx: NR 4Tx codebook


			For 2Tx: NR 2Tx codebook


			For 4Tx: NR 4Tx codebook


			NR R15 4 Tx codebook (fully-coherent)


			NR R15 4 Tx codebook (fully-coherent)


			NR R15 4 Tx codebook (fully-coherent)


			For 4Tx: NR 4Tx codebook





			MU dimension


			


			Up to 12 layers at gNB


			Up to 12 layers at gNB


			N/A


			Up to 6 users


			Up to 12 layers at gNB


			N/A


			N/A


			N/A





			SU dimension


			


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers


			For 2Tx: Up to 2 layers


			Up to 2 layers per user


			Up to 4 layers per user


			Up to 4 layers per user


			Up to 4 layers per user


			Up to 4 layers per user





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			4 port non-precoded SRS 
(1 SRS resource)


			4 port non-precoded 
(1 SRS resource)


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports (with 2 SRS resources),
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			For UE 4Tx ports: Non-precoded SRS, 4 SRS ports
4 symbols every 10ms


			Non precoded SRS, 4 SRS ports, 1 symbol per S/U subframe


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources);
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources);
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 32R: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32R: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32R:  (M,N,P,Mg,Ng; Mp,Np)= (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ;


			For 32R, (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8)
 (dH,dV) = (0.5, 0.8)λ


			128R (M, N, P, Mg, Ng, Mp, Np) = (8, 16, 2, 1, 1, 4, 16)
(dH, dV) = (0.5, 0.8)λ


			For 32R:  (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32R:  (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (8,8,2,1,1; 1,8)


(dH, dV)=(0.5, 0.8)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4T:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4T:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 2T: (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			For 4T, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=( 0.5, - )λ


			4T: (M, N, P, Mg, Ng, Mp, Np) = (1, 2, 2, 1, 1, 1, 2)


			For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
dH, dV)=( 0.5, N/A)λ;


			For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
dH, dV)=( 0.5, N/A)λ;


			For 4T: (M,N,P,Mg,Ng; Mp,Np)=  (1,2,2,1,1; 1,2)


(dH, dV)=( 0.5, N/A)λ





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			UL re-transmission delay


			


			n+4 UL slot after reiving retransmission indication


			n+4 UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after receiving retransmission indication


			Next available UL slot after 2 slot processing delay


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			ideal





			Power control parameter


			


			P0=-90, alpha = 0.8


			P0=-90, alpha = 0.8


			P0=-80, alpha = 0.7


			P0=-95, alpha = 0.8


			P0=-105.4, alpha = 0.9


			P0=-80, alpha = 0.8


			P0=-80, alpha = 0.8


			P0=-60, alpha = 0.6





			Power backoff model


			


			Continuous RB allocation: follow TS 38.101 for FR1; Mean IOT<10dB


			Continuous RB allocation: follow TS 38.101 for FR1; Mean IOT<10dB


			Non power backoff model


			-


			-


			-


			-


			-





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			105 degree


			102 degree


			102 degree


			102 degree


			100 degrees


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			[image: ][image: ][image: ]


			1


			1


			0


			


			


			0


			0


			0





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			-


			-


			-


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-


			-


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			















DL/30GHz


			Technical configuration Parameters


			Reference value


			Ericsson


			Samsung


			Qualcomm


			Korea Univ.





			


			


			NR TDD


			NR TDD


			NR TDD


			NR TDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			TDD


			TDD


			TDD


			TDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256 QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PDSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Numerology


			60KHz / 120kHz,
14 OFDM symbol slot


			120kHz SCS,
14 OFDM symbol slot


			120kHz SCS,
14 OFDM symbol slot


			120kHz SCS,
14 OFDM symbol slot


			120kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			


			5.5% (for 80 MHz)


			5.5% (for 80 MHz)


			5% (for 80 MHz)


			5.5%





			Simulation bandwidth


			80 MHz


			Aligned with reference


			100MHz


			80MHz


			80 MHz





			UE antenna panel selection for data transmission and UE attachment


			The UE panel with the best receive SNR is chosen for transmission and reception


			Two UE panels are used for transmission and reception


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Frame structure


			


			DDDSU


			DDDSU


			DDDU


			Full downlink


(downlink only)





			Transmission scheme


			Analog beam selection based


			Combined SU- and MU-MIMO


			Combined SU- and MU-MIMO


			SU/MU-MIMO adaptation


			MU-MIMO





			DL CSI measurement


			


			Precoded CSI-RS  based


			Precoded CSI-RS  based


			Non-precoded CSI-RS  based


			-





			DL codebook


			


			N/A


			N/A


			N/A


			Pseudo inverse of channel matrix





			PRB bundling


			


			4 PRBs


			4 PRBs


			4 PRBs


			-





			MU dimension


			


			Up to 6 layers


			Up to 6 layers


			Up to 2 layers


			Up to 6 layers





			SU dimension


			


			Up to 2 layers


			Up to 2 layers


			Up to 2 layers


			-





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			-





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			For UE two tx ports, prec-coded SRS, one symbol in 10 slots


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources),
2 symbols in special slot for SRS,
8 PRBs per symbol


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports


			N/A





			CSI feedback


			


			
CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			
CQI: every 25 slot; RI: every 25 slot, CRI: every 25 slot
Subband based


			
CQI: every 8 slot; RI: every 8 slot, CRI: every 8 slot
Subband based


			
CQI: every 5 ms





			Interference measurement


			


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			-





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			ACK/NACK delay


			


			The next available UL slot


			The next available UL slot


			The next available UL slot


			-





			Re-transmission delay


			


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 128T,  (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 4,16)
(dH, dV)=(0.5, 0.5)λ


			For 8T,  (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,2,2; 1,1)
(dH, dV)=(0.5, 0.5)λ
(dg,H,dg,V) = (4.0, 2.0)λ


			For 8T,  (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1; 2,2)
(dH, dV)=(0.5, 0.5)λ
(dg,H,dg,V) = (4.0, 2.0)λ


			For 8T,  (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,2,2; 1,1)
(dH, dV)=(0.5, 0.5)λ
(dg,H,dg,V) = (4.0, 2.0)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			(M,N,P,Mg,Ng; Mp,Np) = (2,4,2,1,2; 2,4)


(dH, dV)=(0.5, 0.5)λ


(dg,H,dg,V) = (4.0, 2.0)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			For 2R, (M,N,P,Mg,Ng; Mp,Np) =  (4,4,2,1,1; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			ideal





			System configuration parameters


			Reference value


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			


			0


			0


			0


			0





			UT attachment


			Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			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 of RP-180524 (2D DFT beam)


			Aligned with reference


			Aligned with reference


			N/A


			Aligned with reference





			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)


			Aligned with reference


			Aligned with reference


			N/A


			Aligned with reference





			Criteria for selection for serving TRxP


			Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			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.


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for interfering TRxP


			Based on the analog beam selection according to scheduling results of non-serving TRxP


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Random


selecting


the random


beams for


non-serving


TRxP















UL/30GHz


			Technical configuration Parameters


			Reference value


			Ericsson


			Samsung


			Qualcomm


			Korea Univ.





			


			


			NR TDD


			NR TDD


			NR TDD


			NR TDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Duplexing


			


			TDD


			TDD


			TDD


			





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Coding on PUSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Numerology


			60KHz / 120kHz,
14 OFDM symbol slot


			120KHz 
14 OFDM symbol slot


			120kHz SCS,
14 OFDM symbol slot


			120KHz 
14 OFDM symbol slot


			





			Guard band ratio on simulation bandwidth


			


			5.5% (for 80 MHz)


			5.5% (for 80 MHz)


			5% (for 80 MHz)


			





			Simulation bandwidth


			80 MHz


			Aligned with reference


			100MHz


			Aligned with reference


			





			UE antenna panel selection for data transmission and UE attachment


			The UE panel with the best receive SNR is chosen for transmission and reception


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Frame structure


			


			DDDSU


			DDDSU


			DDDU


			





			Transmission scheme


			UL codebook based SU-MIMO / MU-MIMO


			UL SU-MIMO with rank adaptation


			UL MU-MIMO with rank adaptation


			SU/MU-MIMO  adaptation


			





			UL codebook


			


			For 2Tx with the best Tx panel


			N/A


			2Tx codebook


			





			MU dimension


			


			Up to 6 layers


			up to 2 layer


			Up to 2 layers


			





			SU dimension


			


			For 2Tx with the best Tx panel: Up to 2 layers


			For 4Tx with the best Tx panel: Up to 4 layers


			Up to 2 layers


			





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			For UE 2 Tx ports: precoded SRS, 1 symbol for SRS in every 10 slots


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources),
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			For UE 2 Tx ports: non-precoded SRS, 1 symbol for SRS in every 2 UL slots


			





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 128R,  (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1; 4,16)
(dH,dV) = (0.5, 0.5)λ


			For 8T,  (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,2,2; 1,1)
(dH, dV)=(0.5, 0.5)λ
(dg,H,dg,V) = (4.0, 2.0)λ


			For 2R,  (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1; 1,1)
(dH,dV) = (0.5, 0.5)λ


			





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			(M,N,P,Mg,Ng; Mp,Np) = (2,4,2,1,2; 2,4)
(dH, dV)=(0.5, 0.5)λ
(dg,H,dg,V) = (4.0, 2.0)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,1)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ


			(M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1; 1,1)
(dH, dV)=(0.5, 0.5)λ
(dg,H,dg,V) = (4.0, 2.0)λ


			





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			UL re-transmission delay


			


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			





			Power control parameter


			


			alpha = 0.8


			P0=-80, alpha = 0.8


			N/A


			





			Power backoff model


			


			


			Continuous RB allocation: follow TS 38.101 in Section 6.2.2;
Non-continuous RB allocation: additional 2 dB reduction


			N/A


			





			System configuration parameters


			Reference value


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Electronic tilt


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Handover margin (dB)


			


			0


			0


			0


			





			UT attachment


			Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0

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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			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 of RP-180524 (2D DFT beam)


			Aligned with reference


			Aligned with reference


			N/A


			





			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)


			Aligned with reference


			Aligned with reference


			N/A


			





			Criteria for selection for serving TRxP


			Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			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.


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Criteria for analog beam selection for interfering TRxP


			Based on the analog beam selection according to scheduling results of non-serving TRxP


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			


			


			


			


			


			















Avg, 5% Spectral Efficiency - Rural eMBB test environment


DL/700MHz


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Samsung


			Qualcomm


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			TDD


			FDD


			TDD


			FDD





			Network synchronization


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256 QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PDSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			30 kHz SCS, 14 symbol OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15/30 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			54 RBs per 30 kHz SCS, 20MHz BW


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			FDD: 10 MHz





			Frame structure


			


			Full downlink


			DSUUD


			Full downlink


			Full downlink


			DDSU


			Full downlink


			DDDSU


			Full downlink





			Transmission scheme


			Closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			MU-MIMO


			Aligned with reference


			Aligned with reference


			MU-MIMO





			DL CSI measurement


			


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS


			Non-precoded CSI-RS  based


			Precoded CSI-RS based, non-PMI


			-





			DL codebook


			


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB only, 8 PSK


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			Pseudo inverse of channel matrix





			PRB bundling


			


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			


			4 PRBs


			4 PRBs


			





			MU dimension


			


			Up to 12 layers


			Up to 12 layers


			Up to 8 layers


			Up to 8 layers


			Up to 12 layers


			Up to 8 layers


			Up to 8 layers


			Up to 8 layers





			SU dimension


			


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 4 layers


			For 2Rx and 4Rx: Up to 2 layers


			For 2Rx: Up to 2 layers


			


			For 2Rx: Up to 2 layers


			For 2Rx: Up to 2 layers


			-





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			-





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			N/A


			N/A


			N/A


			N/A


			Non-precoded CSI-RS, 4 SRS ports, 20 MHz SRS BW, SRS sent during the S/U slots only


			N/A


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports (with 2 SRS resources), 5ms period


			N/A





			CSI feedback


			


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			S/U slots


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			CQI : every 5ms





			Interference measurement


			


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			CSI-IM


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			-





			CBG


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			ACK/NACK delay


			


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			1 slot


			The next available UL slot


			The next available UL slot


			-





			Re-transmission delay


			


			


			


			the next available DL slot after receiving NACK


			the next available DL slot after receiving NACK


			3 slots


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 16T: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 16T: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
For 16T: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(dH, dV)=(0.5, 0.8)λ


			For 16T (M,N,P,Mg,Ng,Mp,Np) = (4,8,2,1,1,1,8)


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4);
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4);
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(dH, dV)=(0.5, 0.8)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)


			For 2R: (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)
For 4R: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,1)


			For 2R: (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)


			For 4 R: (M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2)


			For 2R: (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)


			For 2R: (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)


			For 2R: (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Ideal





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			[100°] in LCS


			100 degree


			100 degree


			100 degree


			100 degree


			96 deg


			100 degree


			100 degree


			100 degree





			Handover margin (dB)


			


			1


			1


			1


			1


			


			0


			0


			0





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			


Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Radio-distance based


			Radio-distance based


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			


			-


			-


			-





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			


			-


			-


			-





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			


			-


			-


			-





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			


			-


			-


			-















UL/700MHz


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Qualcomm


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			TDD


			FDD


			TDD


			FDD





			Network synchronization


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PUSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			30 KHz SCS, 14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15/30 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			54 RBs per 30 kHz SCS, 20MHz BW


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference (20 MHz)


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Frame structure


			


			Full uplink


			DDDSU


			Full uplink


			DDSU


			Full uplink


			DDDSU


			Full uplink





			Transmission scheme


			


			closed loop SU/MU-MIMO with rank adapation


			closed loop SU/MU-MIMO with rank adapation


			SU-MIMO with rank adaptation


			UL codebook-based MU-MIMO


			SU-MIMO with rank adaptation


			SU-MIMO with rank adaptation


			SU-MIMO with rank adaptation





			UL codebook


			


			UL 4Tx Codebook


			UL 4Tx Codebook


			For 2Tx: NR 2Tx codebook


			NR R15 4 Tx codebook (fully-coherent)


			UL 2Tx Codebook


			UL 2Tx Codebook


			UL 2Tx Codebook





			MU dimension


			


			Up to 12 layers at gNB


			Up to 12 layers at gNB


			N/A


			Up to 12 layers at gNB


			N/A


			N/A


			N/A





			SU dimension


			


			For 4 Tx: Up to 4 layers


			For 4 Tx: Up to 4 layers


			For 2 Tx: Up to 2 layer


			Up to 2 layer


			For 2 Tx: Up to 2 layer


			For 2 Tx: Up to 2 layer


			For 2 Tx: Up to 2 layer





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			4 port non-precoded SRS 
(1 SRS resource)


			4 port non-precoded 
(1 SRS resource)


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports (with 1 SRS resources),
2 symbols for SRS in every 10 slots,


			2 Tx Ports: Non precoded SRS, 2 SRS ports, 1 symbol per S/U subframe


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports (with 2 SRS resources),
2 symbols for SRS,
8 PRBs per symbol


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports (with 2 SRS resources),
2 symbols for SRS,
8 PRBs per symbol


			





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 16R: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 16R: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ


			16R (M,N,P,Mg,Ng,Mp,Np) = (4, 8, 2, 1, 1, 1, 8)


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4T: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)


			For 4T: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)


			For 2T:  (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			2T: (M, N, P, Mg, Ng, Mp, Np) = (1, 1, 2, 1, 1, 1, 1)


			For 2T:  (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			For 2T:  (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			For 2T:  (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			UL re-transmission delay


			


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after 2 slot processing delay


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			ideal





			Power control parameter


			


			P0=-80, alpha = 0.7


			P0=-80, alpha = 0.7


			P0=-80, alpha = 0.7


			P0 = -96.4, alpha = 0.9


			P0=-76, alpha = 0.8


			P0=-76, alpha = 0.8


			P0=-80, alpha = 0.7





			Power backoff model


			


			Continuous RB allocation: follow TS 38.101 for FR1;Mean IOT<10dB


			Continuous RB allocation: follow TS 38.101 for FR1; Mean IOT<10dB


			Continuous RB allocation: follow TS 38.101 for FR1;
Non-continuous RB allocation:[R1-1806322]


			-


			-


			-


			





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			[100°] in LCS


			100 degree


			100 degree


			100 degree


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Handover margin (dB)


			


			1


			1


			1


			


			0


			0


			0





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			-


			-


			-





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-


			-





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			-


			-


			





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			-


			-


			















DL/4GHz


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Samsung


			Nokia


			Qualcomm


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR FDD


			NR TDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			FDD


			TDD


			TDD


			FDD


			TDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256 QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PDSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			30 kHz, 14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15/30 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			54 RBs per 20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			10 MHz


			20 MHz


			10 MHz


			10 MHz


			Aligned with reference


			Aligned with reference


			20 MHz


			10 MHz


			20 MHz


			FDD: 10 MHz





			Frame structure


			


			Full downlink


			DSUUD


			Full downlink


			Full downlink


			Full downlink


			DSUUD


			DDSU


			Full downlink


			DDDSU


			Full downlink





			Transmission scheme


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			Aligned with reference


			Aligned with reference


			MU-MIMO


			Aligned with reference


			Aligned with reference


			MU-MIMO





			DL CSI measurement


			


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			SRS-Based


			CSI-RS based


			Non-precoded CSI-RS  based


			Precoded CSI-RS based, non-PMI


			-





			DL codebook


			


			Type II codebook;
4beam, wb+sb, 8psk


			Type II codebook;
4beam, wb+sb, 8psk


			Type II codebook;
4beam, wb only, 8psk


			Type II codebook;
4beam, wb+sb, 8psk


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			N/A


			Type II codebook;
4beam, wb+sb, 8psk


			N/A


			Pseudo inverse of channel matrix





			PRB bundling


			


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			


			4 PRBs


			4 PRBs


			





			MU dimension


			


			Up to 12 layers


			Up to 12 layers


			Up to 8 layers


			Up to 12 layers


			Up to 12 layers


			Up to 8 layers


			Upto 12 layers


			Up to 12 layers


			Up to 12 layers


			Up to 12 layers





			SU dimension


			


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 2 layers;


			For 4Rx: Up to 4 layers


			1 layer


			1 layer


			


			For 4Rx: Up to 2 layers


			For 4Rx: Up to 4 layers


			-





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			-





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			N/A


			N/A


			N/A


			N/A


			N/A


			For UE 8 Tx ports: Non-precoded SRS, 2 SRS ports, 4 symbols per frame


			Non-precoded SRS transmitted during S/U slots only, 4 ports, 20 MHz


			N/A


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports, 2 symbols per 5 slots;


			N/A





			CSI feedback


			


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based , 5 slot delay


			CQI: every 20 slots; RI: every 20 slots;
Subband based, 5 slot delay


			Every S/U slot


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			CQI : every 5ms





			Interference measurement


			


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			CSI-IM


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			-





			CBG


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			ACK/NACK delay


			


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			1 slot


			The next available UL slot


			The next available UL slot


			-





			Re-transmission delay


			


			


			


			the next available DL slot after receiving NACK


			the next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			3 slots


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 16T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 128 T: (M,N,P,Mg,Ng,Mp,Np) = (4,32,2,1,1,2,32)


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 8R:  (M,N,P,Mg,Ng; Mp,Np)= (1,4,2,1,1; 1,4)
(dH, dV)=(0.5, N/A)λ


			For 8R:  (M,N,P,Mg,Ng; Mp,Np)= (1,4,2,1,1; 1,4)
(dH, dV)=(0.5, N/A)λ


			For 4R: (M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Ideal





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			[100°] in LCS


			100 degree


			100 degree


			100 degree


			Aligned with reference


			100 degrees


			100 degrees


			96 deg


			100 degree


			100 degree


			100 degree





			Handover margin (dB)


			


			1


			1


			1


			1


			


			


			


			0


			0


			0





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			


Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Radio-distance based


			Radio-distance based


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			-


			-


			


			-


			-


			-





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-


			


			-


			-


			-





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			-


			-


			


			-


			-


			-





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			-


			-


			


			-


			-


			-















UL/4GHz


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Nokia


			Qualcomm


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			TDD


			FDD


			TDD


			FDD





			Network synchronization


			Synchronized


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PUSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			30 KHz SCS, 14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15/30 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			54 RBs per 30 kHz SCS, 20MHz BW


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			10 MHz


			20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Frame structure


			


			Full uplink


			DSUUD


			Full uplink


			Full uplink


			DDSU


			Full uplink


			DDDSU


			Full uplink





			Transmission scheme


			


			SU/MU-MIMO with rank adaptation


			SU/MU-MIMO with rank adaptation


			SU-MIMO with rank adaptation


			Closed-loop UL MU-MIMO with rank adaptation


			UL codebook-based MU-MIMO


			SU-MIMO


			SU-MIMO


			SU-MIMO





			UL codebook


			


			4T UL Codebook


			4T UL Codebook


			For 2Tx: NR 2Tx codebook


			For 4Tx: NR 4Tx codebook


			NR R15 4 Tx codebook (fully-coherent)


			NR R15 4 Tx codebook (fully-coherent)


			NR R15 4 Tx codebook (fully-coherent)


			For 4Tx: NR 4Tx codebook





			MU dimension


			


			Up to 12 layers at gNB


			Up to 12 layers at gNB


			N/A


			Up to 6 users


			Up to 12 layers at gNB


			N/A


			N/A


			N/A





			SU dimension


			


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers


			For 2 Tx: Up to 2 layer


			Up to 2 layers per user


			Up to 2 layers per user


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			4 port non-precoded SRS 
(1 SRS resource)


			4 port non-precoded 
(1 SRS resource)


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports (with 1 SRS resources),
2 symbols for SRS in every 10 slots,


			For UE 4Tx ports: Non-precoded SRS, 4 SRS ports
4 symbols every 10ms


			2 Tx Ports: Non precoded SRS, 2 SRS ports, 1 symbol per S/U subframe


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources);
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources);
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 32R: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32R: (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
(dH, dV)=(0.5, 0.8)λ


			For 32R:  (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32R, (M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;1,16)
 (dH,dV) = (0.5, 0.8)λ


			128R (M, N, P, Mg, Ng, Mp, Np) = (8, 16, 2, 1, 1, 4, 16)
(dH, dV) = (0.5, 0.8)λ


			For 32R:  (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ


			For 32R:  (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ


			For 16R:  (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 1,8)


(dH, dV)=(0.5, 0.8)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)


			For 1T:  (M, N, P, Mg, Ng; Mp, Np) = (1,1,1,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ
For 2T:  (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			For 4T, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=( 0.5, - )λ


			2T: (M, N, P, Mg, Ng, Mp, Np) = (1, 1, 2, 1, 1, 1, 1)


			For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
dH, dV)=( 0.5, N/A)λ;


			For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
dH, dV)=( 0.5, N/A)λ;


			For 4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)
dH, dV)=( 0.5, N/A)λ;





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			UL re-transmission delay


			


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after receiving retransmission indication


			Next available UL slot after 2 slot processing delay


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after receiving retransmission indication





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			





			Power control parameter


			


			P0=-70, alpha = 0.6


			P0=-70, alpha = 0.6


			P0=-80, alpha = 0.7


			P0=-95, alpha = 0.8


			P0=-105.4, alpha = 0.9


			P0=-60, alpha = 0.6


			P0=-60, alpha = 0.6


			P0=-60, alpha = 0.6





			Power backoff model


			


			Continuous RB allocation: follow TS 38.101 for FR1;Mean IOT<10dB


			Continuous RB allocation: follow TS 38.101 for FR1;Mean IOT<10dB


			Continuous RB allocation: follow TS 38.101 for FR1;
Non-continuous RB allocation:[R1-1806322]


			-


			-


			-


			-


			-





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			[100°] in LCS


			100 degree


			100 degree


			100 degree


			100 degrees


			Aligned with reference


			100 degree


			100 degree


			100 degree





			Handover margin (dB)


			


			1


			1


			1


			


			


			0


			0


			





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			-


			-


			-


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-


			-


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			















DL/LMLC


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Samsung


			Nokia


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR FDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			FDD


			TDD


			FDD


			TDD


			FDD





			Network synchronization


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Modulation


			Up to 256 QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Coding on PDSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15/30 kHz SCS,
14 OFDM symbol slot


			15kHz SCS,
14 OFDM symbol slot





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			10 MHz


			20 MHz


			Aligned with reference


			10 MHz


			Aligned with reference


			Aligned with reference


			10 MHz


			20 MHz


			FDD: 10 MHz





			Frame structure


			


			Full downlink


			DSUUD


			Full downlink


			Full downlink


			Full downlink


			DSUUD


			Full downlink


			DDDSU


			Full downlink





			Transmission scheme


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			Aligned with reference


			Aligned with reference


			closed SU/MU-MIMO adaptation


			closed SU/MU-MIMO adaptation


			MU-MIMO





			DL CSI measurement


			


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			Non-precoded CSI-RS  based


			SRS-Based


			Non-precoded CSI-RS  based


			Precoded CSI-RS based, non-PMI


			-





			DL codebook


			


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB only, 8 PSK


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			Type II codebook;
4 beams, WB+SB amplitude quantization, 8 PSK phase quantization


			N/A


			Pseudo inverse of channel matrix


precoding





			PRB bundling


			


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			4 PRBs


			-





			MU dimension


			


			Up to 12 layers


			Up to 12 layers


			Up to 8 layers


			Up to 8 layers


			Up to 12 layers


			Up to 8 layers


			Up to 8 layers


			Up to 8 layers


			Up to 8 layers





			SU dimension


			


			For 4Rx: Up to 4 layers


			For 4Rx: Up to 4 layers


			For 2Rx and 4Rx: Up to 2 layers


			For 4Rx: Up to 4 layers


			1 layer


			1 layer


			For 4Rx: Up to 2 layers


			For 4Rx: Up to 4 layers


			-





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			-





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			N/A


			N/A


			N/A


			N/A


			N/A


			For UE 4Tx ports: Non-precoded SRS, 2 SRS ports
4 symbols every 10ms


			N/A


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports,
2 symbols per 5 slots


			N/A





			CSI feedback


			


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based, 5 slot delay


			CQI: every 10 slots; RI: every 10 slots,
Subband based, 5 slot delay


			PMI, CQI: every 5 slot; RI: every 5 slot;
Subband based


			CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based


			CQI : every 5ms





			Interference measurement


			


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			SU-CQI; CSI-IM for inter-cell interference measurement


			-





			CBG


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			ACK/NACK delay


			


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			The next available UL slot


			-





			Re-transmission delay


			


			


			


			the next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			The next available DL slot after receiving NACK


			-





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 16T: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 16T: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(dH, dV)=(0.5, 0.8)λ


			For 16T: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 16T: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4);
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4);
(dH, dV)=(0.5, 0.8)λ


			For 8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(dH, dV)=(0.5, 0.8)λ





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 4R: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)


			For 4R: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)


			For 2R: (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1)
For 4R: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,1)


			For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ


			For 4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Ideal





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			[96°] in LCS


			96 degree


			96 degree


			100 degree


			Aligned with reference


			96 degrees


			96 degrees


			Aligned with reference


			Aligned with reference


			96 degrees





			Handover margin (dB)


			


			1


			1


			1


			1


			


			


			0


			0


			0





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Radio-distance based


			Radio-distance based


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			-


			-















UL/LMLC


			Technical configuration Parameters


			Reference value


			Intel


			LGE


			Nokia


			Ericsson


			Korea Univ.





			


			


			NR FDD


			NR TDD


			NR FDD


			NR FDD


			NR TDD


			NR FDD


			NR TDD


			NR FDD





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Duplexing


			


			FDD


			TDD


			FDD


			FDD


			TDD


			FDD


			TDD


			





			Network synchronization


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Coding on PUSCH


			LDPC
Max code-block size=8448bit 
[with BP decoding]


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Numerology


			15 kHz / 30 kHz,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15 kHz SCS,
14 OFDM symbol slot


			15/30 kHz SCS,
14 OFDM symbol slot


			





			Guard band ratio on simulation bandwidth


			FDD: 6.4% (for 10 MHz bandwidth)
TDD: 8.2% (51 RB for 30kHz SCS and  20 MHz bandwidth)
TDD: 4.6% (106 RB for 15kHz SCS and  20 MHz bandwidth)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Simulation bandwdith


			FDD: 10 MHz
TDD: 20 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			10 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Frame structure


			


			Full uplink


			DSUUD


			Full uplink


			Full uplink


			Full uplink


			Full uplink


			DDDSU


			





			Transmission scheme


			


			SU/MU-MIMO with rank adaptation


			SU/MU-MIMO with rank adaptation


			SU-MIMO with rank adaptation


			Closed-loop UL MU-MIMO with rank adaptation


			SU-MIMO with rank adaptation


			SU-MIMO with rank adaptation


			SU-MIMO with rank adaptation


			





			UL codebook


			


			For 4Tx: NR 4Tx codebook


			For 4Tx: NR 4Tx codebook


			For 2Tx: NR 2Tx codebook


			For 4Tx: NR 4Tx codebook


			UL 4Tx Codebook


			For 4Tx: NR 4Tx codebook


			For 4Tx: NR 4Tx codebook


			





			MU dimension


			


			Up to 12 layers at gNB


			Up to 12 layers at gNB


			N/A


			Up to 6 users


			N/A


			N/A


			N/A


			





			SU dimension


			


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers


			For 2 Tx: Up to 2 layer


			Up to 2 layers per user


			Up to 2 layer


			For 4Tx: Up to 4 layers


			For 4Tx: Up to 4 layers


			





			Codeword (CW)-to-layer mapping


			For 1~4 layers, CW1;
For 5 layers or more, two CWs


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			SRS transmission


			Companies to Report:
• Precoded or non-precoded SRS transmission;
• SRS switch or not for 1T4R/2T4R/1T2R
• SRS bandwidth
• Number of OFDM symbols within 1 slot for SRS transmission per UE


			4 port non-precoded SRS 
(1 SRS resource)


			4 port non-precoded 
(1 SRS resource)


			For UE 2 Tx ports: Non-precoded SRS, 2 SRS ports (with 1 SRS resources),
2 symbols for SRS in every 10 slots,


			For UE 4Tx ports: Non-precoded SRS, 2 SRS ports
4 symbols every 10ms


			For UE 4Tx ports: Non-precoded SRS, 4 SRS ports
4 symbols every 10ms


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources);
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			For UE 4 Tx ports: Non-precoded SRS, 4 SRS ports (with 4 SRS resources);
2 symbols for SRS in every 5 slots,
8 PRBs per symbol


			





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ


			For 16R: (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
(dH, dV)=(0.5, 0.8)λ


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ


			For 16R, (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
 (dH,dV) = (0.5, 0.8)λ


			For 64R, (M,N,P,Mg,Ng; Mp,Np) = (4,8,2,1,1;1,8)
 (dH,dV) = (0.5, 0.8)λ


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ


			For 8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1; 1,4)
(dH, dV)=(0.5, 0.8)λ


			





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			For 1T:  (M,N,P,Mg,Ng; Mp,Np)= (1,1,1,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			For 4T: (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)


			For 2T:  (M,N,P,Mg,Ng; Mp,Np)=  (1,1,2,1,1; 1,1)
(dH, dV)=( N/A, N/A)λ


			For 4T, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH, dV)=( 0.5, - )λ


			For 8T, (M,N,P,Mg,Ng; Mp,Np) = (1,4,2,1,1; 1,4)
(dH, dV)=( 0.5, - )λ


			For 4T:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=( 0.5, N/A)λ


			For 4T:  (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=( 0.5, N/A)λ


			





			Max CBG number


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			UL re-transmission delay


			


			


			


			Next available UL slot after reiving retransmission indication


			Next available UL slot after receiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			Next available UL slot after reiving retransmission indication


			





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Receiver


			MMSE-IRC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			MMSE


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Channel estimation


			


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			Non-ideal


			





			Power control parameter


			


			P0=-100, alpha = 0.8


			P0=-100, alpha = 0.8


			P0=-90, alpha = 0.7


			P0=-95, alpha = 0.8


			P0=-80, alpha = 0.8


			P0=-76, alpha = 0.8


			P0=-76, alpha = 0.8


			





			Power backoff model


			


			Continuous RB allocation: follow TS 38.101 for FR1;
Non-continuous RB allocation: additional 2 dB reduction


			Continuous RB allocation: follow TS 38.101 for FR1;
Non-continuous RB allocation: additional 2 dB reduction


			Continuous RB allocation: follow TS 38.101 for FR1;
Non-continuous RB allocation:[R1-1806322]


			-


			N/A


			-


			-


			





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Electronic tilt


			[96°] in LCS


			96 degree


			96 degree


			100 degree


			96 degrees


			92 deg


			Aligned with reference


			Aligned with reference


			





			Handover margin (dB)


			


			1


			1


			1


			


			3


			0


			0


			





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			








			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			-


			-


			-


			-


			-


			-


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-


			-


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			





			Criteria for analog beam selection for serving TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			





			Criteria for analog beam selection for interfering TRxP


			-


			-


			-


			-


			-


			-


			-


			-


			















Mobility – InH eMBB


SLS Assumptions


			Technical configuration Parameters


			Reference value


			Ericsson 4GHz


			Nokia 4GHz


			Intel 4GHz 12 TRxP


			Intel 4GHz 36 TRxP


			Intel 30GHz 12 TRxP


			Intel 30GHz 36 TRxP


			Samsung (30GHz)


			LGE (4 GHz)





			Multiple access


			OFDMA


			


			Aligned with reference


			CP-OFDM


			CP-OFDM


			CP-OFDM


			CP-OFDM


			Aligned with reference


			Aligned with reference





			Duplexing


			


			


			FDD


			FDD


			FDD


			TDD


			TDD


			FDD


			FDD





			Modulation


			Up to 256QAM


			


			Aligned with reference


			16QAM


			16QAM


			16QAM


			16QAM


			up to 64QAM


			Aligned with reference





			Numerology


			


			15kHz for LTE, 30kHz for NR


			15 kHz


			15/30 kHz


			15/30 kHz


			60/120 kHz


			60/120 kHz


			120kHz


			15 kHz SCS





			Simulation bandwdith


			


			10MHz


			10MHz


			10 MHz


			10 MHz


			10MHz


			10MHz


			100MHz


			10MHz





			Transmission scheme


			


			UL SIMO


			UL MIMO


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO





			UL codebook


			


			


			Codebook-based


			-


			-


			-


			-


			N/A


			N/A





			MU dimension


			


			


			Up to 3 users


			N/A


			N/A


			N/A


			N/A


			N/A


			N/A





			SU dimension


			


			1 layer


			Up to 2 layers


			1 Layer


			1 Layer


			1 Layer


			1 Layer


			2 layer


			1 layer





			SRS transmission


			


			


			4 Tx SRS ports, non-precoded


			


			


			


			


			non-precoded


			Non-precoded, 1T SRS port





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			(8,8,2)


			1R, (8,8,2,1,1; 8,8)


			8R, (8,8,2,1,1;2,2)


			8R, (16,4,2,1,1;2,2)


			8R, (4,4,2,1,1;2,2)


			8R, (8,4,2,1,1;2,2)


			8R(4,8,2,1,1;2,2)


			8R, (4,4,2,1,1; 1,4)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			1T


			1T, (1,2,2,1,1; 1,2)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			4T(2,4,2,1,2; 1,1)


			1T, (1,1,1,1,1; 1,1)





			Scheduling


			PF


			RR


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			PF


			Aligned with reference





			Receiver


			MMSE-IRC


			MRC


			MMSE


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Power control parameter


			


			Alpha = 1, SNR target 15dB


			Aplha = 0.8, P0 = -95dBm


			α = 0.9, P0 = -90 dBm


			α = 0.9, P0 = -90 dBm


			α = 0.8, P0 = -70 dBm


			α = 0.7, P0 = -80 dBm


			Aplha = 0.8, P0 = -80 dBm


			α = 0.9, P0 = -90 dBm





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			


			





			Carrier frequency for evaluation


			


			4HGz


			4 GHz


			4 GHz


			4 GHz


			30 GHz


			30 GHz


			30GHz


			4 GHz





			UE speeds of interest


			10km/h


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			TRxP number per site


			1


			3


			Aligned with reference


			1


			1


			1


			1


			1


			1


			Aligned with reference





			Mechanic tilt


			180° in GCS (pointing to the ground)


			[110°] in GCS


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			90° in LCS


			90° in LCS


			Aligned with reference


			Aligned with reference


			110°


			DFT beams


			DFT beams


			DFT beams


			


			Aligned with reference





			Handover margin (dB)


			


			


			


			


			


			


			


			


			0dB


			0





			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


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			No wrapping around


			No wrapping around


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Polarized antenna model


			Model-2 in TR36.873


			Model-2 in TR36.873


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			-


			-


			Wideband eigen beamforming


			-


			-


			-


			-


			-


			Aligned with reference


			Aligned with reference





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			


			-


			-


			-


			-


			-


			Aligned with reference


			Aligned with reference





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			-


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Analog beam selection for interfering TRxP


			-


			-


			


			-


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


















LLS Assumptions


			Parameters


			Reference value


			Ericsson


			Nokia


			Intel 4GHz 12 TRxP


			Intel 4GHz 36 TRxP


			Intel 30GHz SCS 60 kHz (12/36 TRxP)


			Intel 30GHz SCS 120 kHz (12/36 TRxP)


			Samsung


			LGE





			


			


			


			


			4 GHz (FDD)


			4 GHz (FDD)


			30 GHz (FDD)


			30 GHz (FDD)


			30 GHz (FDD)


			4 GHz





			Carrier frequency


			


			4GHz


			4GHz


			4GHz


			4GHz


			30GHz


			30GHz


			30GHz


			4GHz





			Waveform


			CP-OFDM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD / TDD


			FDD / TDD


			FDD


			FDD


			TDD


			TDD


			FDD


			FDD





			TDD frame structure


			


			


			


			


			


			


			


			


			-





			Evaluated service profiles


			Full buffer best effort


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwidth


			10 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			50 MHz


			100MHz


			Aligned with reference





			Number of users in simulation


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Link-level Channel model


			NLOS: CDL/ TDL-i


			TDL I


			TDL-i


			TDL-i


			TDL-i


			TDL-i


			TDL-i


			NLOS: CDL-i


			NLOS: CDL-i





			


			LOS: CDL/TDL-iv


			TDL IV


			TDL-iv


			-


			-


			-


			-


			LOS: CDL-iv


			LOS: CDL-iv





			UE speed


			10 km/h


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Subcarrier spacing


			


			15kHz for LTE, 30kHz for NR


			30 kHz


			15/30 kHz


			15/30 kHz


			60 kHz


			120 kHz


			120 kHz


			15 kHz





			Symbols number per slot


			14


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Antenna configuration at TRxP


			


			2R


			1R


			8R, (8,8,2,1,1;2,2)


			8R, (16,4,2,1,1;2,2)


			8R, (4,4,2,1,1;2,2)


			8R, (8,4,2,1,1;2,2)


			8R(4,8,2,1,1;2,2)


			8R, (4,4,2,1,1; 1,4)





			Antenna configuration at UE


			


			1T


			1T


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			4T(2,4,2,1,2; 1,1)


			1T, (1,1,1,1,1; 1,1)





			TXRU pattern at TRxP


			


			Omni, 0dBi


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			Option 1: 0dBi Omni-directional





			TXRU pattern at UE


			


			Omni, 0dBi


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			Option 1: 0dBi Omni-directional





			Transmission mode


			


			SIMO


			SISO


			SIMO


			SIMO


			SIMO


			SIMO


			SIMO


			SIMO





			Transmission rank


			


			Rank 1


			Rank 1


			Rank 1


			Rank 1


			Rank 1


			Rank 1


			Rank 1


			Rank 1





			UL precoder


			


			


			


			-


			-


			-


			-


			-


			-





			TRxP receiver type


			MMSE-IRC


			


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			


			MMSE


			MMSE


			MMSE


			MMSE


			MMSE


			MMSE


			MMSE





			Number of subcarriers per PRB


			12


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Data allocation


			


			


			


			14 symbol slots, with 6 RB allocated


			14 symbol slots, with 6 RB allocated


			14 symbol slots, with 6 RB allocated


			14 symbol slots, with 12 RB allocated


			14 symbol slots, with 12 RB allocated


			14 symbol slots, with 10 RB allocated





			Channel coding scheme


			LDPC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Link adaptation


			


			Yes


			Yes


			No


			No


			No


			No


			No


			Yes





			HARQ


			


			


			max. 4 HARQ tansmissions


			no HARQ


			no HARQ


			no HARQ


			no HARQ


			no HARQ


			Max 4 HARQ tansmissions





			DMRS configuration


			


			


			2 symbols DMRS, Config. 1 with 3dB power boost


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			2 symbol DMRS (front loaded and one additional) with configuration type 2


			2 symbol DMRS (front loaded and one additional)





			Other overhead


			


			


			FDD: 1 symbol
TDD:  3 symbols


			No SRS
No PUCCH


			No SRS
No PUCCH


			No SRS
No PUCCH


			No SRS
No PUCCH


			1 symbol overhead


			- SRS: 2 symbols per 5 slots
 - PUCCH :2 RB in 10MHz bandwidth















Mobility – Dense Urban eMBB


SLS Assumptions


			Technical configuration Parameters


			Reference value


			Ericsson


			Nokia


			Intel 4GHz Numerology 0/Numerology 1


			Intel 30GHz Numerology 2


			Intel 30GHz Numerology 3


			LGE
4 GHz


			Samsung
30GHZ





			Multiple access


			OFDMA


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			


			FDD


			FDD


			FDD


			FDD


			FDD


			FDD





			Modulation


			Up to 256QAM


			


			Aligned with reference


			16QAM


			16QAM


			16QAM


			Aligned with reference


			Aligned with reference





			Numerology


			


			


			15 kHz


			15 kHz/ 30kHz


			60 kHz


			120kHz


			15 kHz SCS


			120kHz





			Simulation bandwdith


			


			


			10MHz


			6 PRBs


			6 PRBs


			12 PRBs


			10MHz


			100MHz





			Transmission scheme


			


			


			UL MIMO


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO


			UL SU-MIMO





			UL codebook


			


			


			Codebook-based


			N/A


			N/A


			N/A


			N/A


			N/A





			MU dimension


			


			


			Max 3 users


			N/A


			N/A


			N/A


			N/A


			N/A





			SU dimension


			


			


			Max 2 layers


			Max 2 layers


			Max 2 layers


			Max 2 layers


			1 layer


			Max 2 layers





			SRS transmission


			


			


			4Tx SRS ports, non-precoded


			


			


			


			Non-precoded, 1T SRS port


			





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			8x8x2


			32R, (16,8,2,1,1; 2,8)
32R, (8,8,2,1,1; 2,8)


			8R, (16,2,2,1,1;2,2)


			8R, (16,2,2,1,1;2,2)


			8R, (16,2,2,1,1;2,2)


			8R, (8,4,2,1,1; 1,4)


			8R, (4,8,2,2,2;1,1)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			1T


			4R, (1,2,2,1,1; 1,2)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			1T, (1,1,1,1,1; 1,1)


			4T, (2,4,2,1,2; 1,1)





			Scheduling


			PF


			RR


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			MRC


			MMSE


			MMSE-Block


			MMSE-Block


			MMSE-Block


			Aligned with reference


			Aligned with reference





			Power control parameter


			


			Alpha = 1.0, SNR target 15dB


			Aplha = 0.8, P0 = -95 dBm


			α = 0.9,  P0 = -90dBm


			α = 0.7,  P0 = -80dBm


			α = 0.7,  P0 = -80dBm


			[0.9,-86]


			[0.8,-80]





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			


			Post-processed SINR


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			System configuration parameters


			Reference Value


			


			


			


			


			


			


			





			Carrier frequency for evaluation


			


			


			4 GHz


			4GHz


			30GHz


			30GHz


			4 GHz


			30 GHz





			UE speeds of interest


			30km/h


			


			Aligned with reference


			Indoor users: 3km/h
Outdoor users (in-car): 30 km/h


			Indoor users: 3km/h
Outdoor users (in-car): 30 km/h


			Indoor users: 3km/h
Outdoor users (in-car): 30 km/h


			Aligned with reference


			Indoor users: 3km/h
Outdoor users (in-car): 30 km/h





			TRxP number per site


			3


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			


			Aligned with reference


			


			


			


			Aligned with reference


			Aligned with reference





			Electronic tilt


			


			


			100 degrees


			Single beam 102 degree downtilt


			DFT beams


			DFT beams


			105 degree


			





			Handover margin (dB)


			


			


			


			


			


			


			1


			0





			UT attachment


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


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Polarized antenna model


			Model-2 in TR36.873


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			


			


			-


			-


			-


			-


			Aligned with reference


			Aligned with reference





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			


			-


			-


			-


			-


			Aligned with reference


			Aligned with reference





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			-


			


			-


			Maximizing RSRP


			Maximizing RSRP


			Maximizing RSRP


			Aligned with reference


			Aligned with reference





			Analog beam selection for interfering TRxP


			-


			


			-


			Random selection


			Random selection


			Random selection


			Aligned with reference


			Aligned with reference















LLS Assumptions


			Parameters


			Reference value


			Nokia


			Intel Numerology 0/1


			Intel Numeology 2


			Intel Numerology 3


			LGE


			Samsung





			


			


			


			4 GHz (FDD)


			30 GHz (FDD)


			30 GHz (FDD)


			4 GHz


			30 GHz (FDD)





			Carrier frequency


			


			4GHz


			4GHz


			30GHz


			30GHz


			4 GHz


			30GHz





			Waveform


			CP-OFDM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD / TDD


			FDD


			TDD


			TDD


			FDD


			FDD





			TDD frame structure


			


			


			


			


			


			-


			





			Evaluated service profiles


			Full buffer best effort


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwidth


			10 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			50 MHz


			Aligned with reference


			100MHz





			Number of users in simulation


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Link-level Channel model


			NLOS: CDL/ TDL-iii


			TDL-iii


			TDL-iii


			TDL-iii


			TDL-iii


			NLOS: CDL-iii


			NLOS: CDL-iii





			


			LOS: CDL/TDL-v


			-


			-


			-


			-


			LOS: CDL-v


			LOS: CDL-v





			UE speed


			30 km/h


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Subcarrier spacing


			


			30 kHz


			15/30 kHz


			60 kHz


			120 kHz


			15 kHz


			120kHz





			Symbols number per slot


			14


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Antenna configuration at TRxP


			


			1R


			8R, (16,2,2,1,1;2,2)


			8R, (16,2,2,1,1;2,2)


			8R, (16,2,2,1,1;2,2)


			8R, (8,4,2,1,1; 1,4)


			8R, (4,8,2,2,2;1,1)





			Antenna configuration at UE


			


			1T


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			1T, (1,1,1,1,1; 1,1)


			4T, (2,4,2,1,2; 1,1)





			TXRU pattern at TRxP


			


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			TXRU pattern at UE


			


			0dBi Omni


			0dBi Omni


			0dBi Omni


			0dBi Omni


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			Transmission mode


			


			SISO


			SIMO


			SIMO


			SIMO


			SIMO


			MIMO





			Transmission rank


			


			Rank 1


			Rank 1


			Rank 1


			Rank 1


			Rank 1


			Rank 1





			UL precoder


			


			


			-


			-


			-


			-


			-





			TRxP receiver type


			MMSE-IRC


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			MMSE


			MMSE


			MMSE


			MMSE


			MMSE


			MMSE





			Number of subcarriers per PRB


			12


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Data allocation


			


			


			14 symbol slots, with 6 RB allocated


			14 symbol slots, with 6 RB allocated


			14 symbol slots, with 12 RB allocated


			14 symbol slots, with 10 RB allocated


			14 symbol slots, with 12 RB allocated





			Channel coding scheme


			LDPC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Link adaptation


			


			Yes


			No


			No


			No


			Yes


			No





			HARQ


			


			max. 4 HARQ tansmissions


			no HARQ


			no HARQ


			no HARQ


			Max 4 HARQ tansmissions


			no HARQ





			DMRS configuration


			


			2 symbols DMRS, Config. 1 with 3dB power boost


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			2 symbol DMRS (front loaded and one additional)


			2 symbol DMRS (front loaded and one additional)





			Other overhead


			


			FDD:  1 symbol
TDD:  3 symbols


			No SRS
No PUCCH


			No SRS
No PUCCH


			No SRS
No PUCCH


			- SRS: 2 symbols per 5 slots
 - PUCCH :2 RB in 10MHz bandwidth


			No SRS
No PUCCH















Mobility – Rural eMBB


SLS Assumptions


			Technical configuration Parameters


			Reference value


			Ericsson


			Nokia
(4 GHz)


			Intel
(700 MHz)


			Intel 
(4GHz)


			LGE





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			CP-OFDM


			CP-OFDM


			Aligned with reference





			Duplexing


			


			


			FDD


			FDD


			FDD


			FDD





			Modulation


			Up to 256QAM


			


			Aligned with reference


			QPSK


			QPSK


			Aligned with reference





			Numerology


			


			


			15 kHz


			15/30 kHz


			15/30 kHz


			15 kHz SCS





			Simulation bandwdith


			


			


			10MHz


			10 MHz


			10 MHz


			For FDD: 10MHz





			Transmission scheme


			


			


			UL MIMO


			UL SIMO


			UL SIMO


			UL SIMO





			UL codebook


			


			


			Codebook based


			-


			-


			N/A





			MU dimension


			


			


			6 users max


			N/A


			N/A


			N/A





			SU dimension


			


			1 layer


			2 layers max


			1 Layer


			1 Layer


			1 layer





			SRS transmission


			


			


			4Tx SRS ports, non-precoded


			


			


			Non-precoded, 1T SRS port





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			8x4x2


			32R, (8,16,2,1,1; 1,16)


			8R, (8,2,2,1,1;2,2)


			8R, (16,2,2,1,1;2,2)


			4R, (8,2,2,1,1; 1,2)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			1T


			4T, (1,2,2,1,1; 1,2)


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			1T, (1,1,1,1,1; 1,1),





			Scheduling


			PF


			RR


			PF


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Receiver


			MMSE-IRC


			


			MMSE


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Power control parameter


			


			Alpha = 1.0, SNR target 10dB


			Aplha = 0.8, P0 = -95 dBm


			α = 0.9, P0 = -90 dBm


			α = 0.9, P0 = -90 dBm


			[0.8,-80]





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			


			Post-processed SINR


			Aligned with reference


			Aligned with reference


			Aligned with reference





			System configuration parameters


			Reference Value


			


			


			


			


			





			Carrier frequency for evaluation


			


			


			4 GHz


			4 GHz


			4 GHz


			700 MHz, 4GHz





			UE speeds of interest


			120km/h, 500km/h


			


			120 km/h


			Aligned with reference


			Aligned with reference


			Indoor users: 3 km/h 
Outdoor users (in-car): 120 km/h;





			TRxP number per site


			3


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			


			


			100 degrees


			100°


			100°


			100 degree





			Handover margin (dB)


			


			


			


			


			


			1





			UT attachment


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


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Polarized antenna model


			Model-2 in TR36.873


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference















LLS Assumptions


			Parameters


			Reference value


			Nokia


			Intel


			Intel


			LGE





			


			


			NR, 4 GHz


			NR, 700 MHz


			NR, 4 GHz


			NR





			Carrier frequency


			


			4 GHz


			700 MHz


			4 GHz


			700 MHz, 4 GHz





			Waveform


			CP-OFDM


			Aligned with reference


			CP-OFDM


			CP-OFDM


			CP-OFDM





			Duplexing


			


			FDD / TDD


			FDD


			FDD


			FDD





			Evaluated service profiles


			Full buffer best effort


			Aligned with reference


			QPSK


			QPSK


			Aligned with reference





			Simulation bandwidth


			10 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Number of users in simulation


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Link-level Channel model


			NLOS: CDL/ TDL-iii


			TDL-iii


			UL SIMO


			UL SIMO


			NLOS: CDL-iii





			


			LOS: CDL/TDL-v


			TDL-v


			-


			-


			CDL-v





			UE speed


			120km/h, 500km/h


			Aligned with reference


			N/A


			N/A


			120km/h





			Subcarrier spacing


			


			30 kHz


			15/30 kHz


			15/30 kHz


			15 kHz, 30GHz





			Symbols number per slot


			14


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Antenna configuration at TRxP


			


			1R


			8R, (8,8,2,1,1;2,2)


			8R, (16,4,2,1,1;2,2)


			4R, (8,2,2,1,1; 1,2)





			Antenna configuration at UE


			


			1T


			2T, (1,1,2,1,1;1,1)


			2T, (1,1,2,1,1;1,1)


			1T, (1,1,1,1,1; 1,1)





			TXRU pattern at TRxP


			


			0dBi Omni


			0dBi Omni


			0dBi Omni


			Option 1: 0dBi Omni-directional





			TXRU pattern at UE


			


			0dBi Omni


			0dBi Omni


			0dBi Omni


			Option 1: 0dBi Omni-directional





			Transmission mode


			


			SISO


			SISO


			SISO


			SIMO





			Transmission rank


			


			Rank 1


			Rank 1


			Rank 1


			Rank 1





			UL precoder


			


			


			


			


			-





			TRxP receiver type


			MMSE-IRC


			


			


			


			Aligned with reference





			Channel estimation


			


			MMSE


			MMSE


			MMSE


			MMSE





			Number of subcarriers per PRB


			12


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Data allocation


			


			


			14 symbol slots, with 6 RB allocated


			14 symbol slots, with 6 RB allocated


			14 symbol slots, with 12 RB allocated





			Channel coding scheme


			LDPC


			Aligned with reference


			Aligned with reference


			Aligned with reference


			LDPC





			Link adaptation


			


			Yes


			No


			No


			Yes





			HARQ


			


			max. 4 HARQ tansmissions


			no HARQ


			no HARQ


			Max 4 HARQ tansmissions





			DMRS configuration


			


			4 symbols DMRS, Config. 1 with 3dB power boost


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]
No FDM with data, 3dB power boosting


			2 symbol DMRS (front loaded and one additional)





			Other overhead


			


			FDD:  1 symbols
TDD:  3 symbols


			No SRS
No PUCCH


			No SRS
No PUCCH


			- SRS: 2 symbols per 5 slots
 - PUCCH :2 RB in 10MHz bandwidth















Reliability – Urban Macro URLLC


DL/SLS


			Technical configuration Parameters


			Reference value


			Nokia
700 MHz


			Nokia
4 GHz


			Intel
700 MHz


			Intel
4 GHz


			Ericsson
700 MHz


			Ericsson
4 GHz





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			FDD


			FDD


			FDD


			FDD


			FDD





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Numerology


			


			15kHz


			15kHz


			15kHz


			15kHz


			30 kHz


			30 kHz





			Simulation bandwdith


			


			10 MHz


			10 MHz


			10 MHz


			10 MHz


			20 MHz


			20 MHz





			DLTransmission scheme


			


			SU-MIMO with rank 1 with WB EBF


			SU-MIMO with rank 1 with WB EBF


			Single port


			Single port


			N/A


			N/A





			DL codebook


			


			N/A


			N/A


			N/A


			N/A


			N/A


			N/A





			DL MU dimension


			


			N/A


			N/A


			N/A


			N/A


			N/A


			N/A





			DL SU dimension


			


			1


			1


			1


			1


			N/A


			N/A





			SRS transmission


			


			Ideal


			Ideal


			Ideal


			Ideal


			N/A


			N/A





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			16Tx, (4,8,2,1,1; 1,8)


			32Tx, (8,16,2,1,1; 1,16)


			2Tx, (8,4,2,1,1; 1,1)


			2Tx, (8,4,2,1,1; 1, 1)


			32Tx, (8,4,2,1,1; 4,4)


			64Tx, (8,8,2,1,1; 4,8)
NOTE: For FDD, Beamformed CSI-RS is used to enable e.g., 32Tx codebook measurement





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			4Rx, (1,2,2,1,1; 1,2)


			8Rx, (1,4,2,1,1; 1,4)


			2Rx, (1,1,2,1,1; 1,1)


			4Rx, (1,1,2,1,1; 1,2)


			2Rx,(1,1,2,1,1;1,1)


			2Rx,(1,1,2,1,1;1,1)





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Round Robin


			Round Robin


			N/A


			N/A





			Receiver


			MMSE-IRC


			MMSE


			MMSE


			MMSE


			MMSE


			Aligned with reference


			Aligned with reference





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			Post-processed SINR


			Post-processed SINR


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			System configuration parameters


			Reference Value


			


			


			


			


			


			





			Carrier frequency for evaluation


			


			700 MHz


			4GHz


			700 MHz


			4GHz


			700 MHz


			4 GHz





			TRxP number per site


			3


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			


			99 degrees


			99 degrees


			99 degrees


			99 degrees


			99 degrees


			99 degrees





			Handover margin (dB)


			1


			


			


			0


			0


			0


			0





			UT attachment


			[image: ]


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











			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Polarized antenna model


			Model-2 in TR36.873


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			


			-


			-


			-


			-


			


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			


			-


			-


			-


			-


			


			





			Criteria for analog beam selection for interfering TRxP


			


			-


			-


			-


			-


			


			












DL/LLS


			Technical configuration Parameters


			Reference value


			Nokia
700 MHz


			Nokia
4 GHz


			Intel
700 MHz


			Intel
4 GHz


			Ericsson
700 MHz


			Ericsson
4 GHz





			Carrier frequency for evaluation


			


			700 MHz


			4 GHz


			700 MHz


			4 GHz


			700 MHz


			4 GHz





			Waveform


			


			CP-OFDM


			CP-OFDM


			CP-OFDM


			CP-OFDM


			CP-OFDM


			CP-OFDM





			Numerology


			


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS





			Simulation bandwdith


			


			10 MHz


			10 MHz


			40 MHz


			40 MHz


			20 MHz


			20 MHz





			Channel model


			TDL-iii(NLOS),TDL-v(LOS)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			TDL-C


			TDL-C





			Scaled delay spread


			363ns(NLOS),93 ns(LOS)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			300ns


			300ns





			UE Speed


			


			3km/h


			3km/h


			3km/h


			3km/h


			3km/h


			3km/h





			Number of symbols per slot


			


			7


			7


			7


			7


			PDSCH duration of 7 symbols


			PDSCH duration of 4 symbols





			Antenna configuration at TRxP


			


			1 Tx


			1 Tx


			2 Tx


			2 Tx


			2 Tx


			2 Tx





			Antenna configuration at UE


			


			1 Rx


			1 Rx


			2 Rx


			4 Rx


			2 Rx


			2 Rx





			TXRU pattern at TRxP


			


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional





			TXRU pattern at UE


			


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional





			PDSCH Transmission mode


			


			SU-MIMO with rank 1


			SU-MIMO with rank 1


			Precoder cycling
65 PRB


			Precoder cycling
65 PRB


			SU-MIMO with rank 1


			SU-MIMO with rank 1





			Channel estimation


			


			Realistic


			Realistic


			Realistic


			Realistic


			Realistic


			Realistic





			PDCCH transmission scheme


			


			DCI format 1-0. 39bit payload includes CRC. Aggregation level = 16


			DCI format 1-0. 39bit payload includes CRC. Aggregation level = 16


			DCI format 1-0. 40 bit payload plus 24 bit CRC. Aggregation level = 16
Precoder cycling TX diversity
1 symbol CORESET


			DCI format 1-0. 40 bit payload plus 24 bit CRC. Aggregation level = 16
Precoder cycling TX diversity
1 symbol CORESET


			DCI format 1-0. 64 bits including CRC. Aggregation level =16 8


			DCI format 1-0. 64 bits including CRC. Aggregation level =16 8





			PDSCH Modulation and coding


			


			LDPC, QPSK


			LDPC, QPSK


			LDPC
MCS #0 from Low SE 64 QAM table
(QPSK, CR = 30/1024)


			LDPC
MCS #0 from Low SE 64 QAM table
(QPSK, CR = 30/1024)


			LDPC, Table 3, MCS 2 3


			LDPC, Table 3 MCS6





			Packet size


			


			256bit


			256bit


			256bit


			256bit


			256bit


			256bit





			DMRS configuration


			


			1 symbol DMRS, Config. 1, 3 dB power boost


			1 symbol DMRS, Config. 1, 3 dB power boost


			1 symbol DMRS, Type 1


			1 symbol DMRS, Type 1


			Type 2, 2 symbols DMRS


			Type 2, 1 symbol DMRS















UL/SLS


			Technical configuration Parameters


			Reference value


			Nokia
700 MHz


			Nokia
4 GHz


			Intel
700 MHz


			Intel
4 GHz


			Ericsson
700 MHz


			Ericsson
4 GHz





			Multiple access


			OFDMA


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Duplexing


			


			FDD


			FDD


			FDD


			FDD


			FDD


			FDD





			Modulation


			Up to 256QAM


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Numerology


			


			15kHz


			15kHz


			15kHz


			15kHz


			30 kHz SCS


			30 kHz SCS





			Simulation bandwdith


			


			10 MHz


			10 MHz


			48 PRB @ 15 kHz SCS for each UE


			48 PRB @ 15 kHz SCS for each UE


			20 MHz


			20 MHz





			UL Transmission scheme


			


			SU-MIMO with rank 1 with WB EBF


			SU-MIMO with rank 1 with WB EBF


			Single port


			Single port


			N/A


			N/A





			UL codebook


			


			N/A


			N/A


			N/A


			N/A


			N/A


			N/A





			UL MU dimension


			


			N/A


			N/A


			N/A


			N/A


			N/A


			N/A





			UL SU dimension


			


			1


			1


			1


			1


			N/A


			N/A





			SRS transmission


			


			


			


			


			


			N/A


			N/A





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			16Rx, (4,8,2,1,1; 1,8)


			32Rx, (8,16,2,1,1; 1,16)


			8Rx, (8,1,2,1,1; 1,4)


			8Rx, (8,4,2,1,1; 1,4)


			8Rx, (4,2,2,1,1; 2,2)


			8Rx, (2,4,2,1,1; 1,4)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			4Tx, (1,2,2,1,1; 1,2)


			8Tx, (1,4,2,1,1; 1,4)


			1Tx, (1,1,1,1,1; 1,1)


			1Tx, (1,1,1,1,1; 1,1)


			2Tx,(1,1,2,1,1;1,1)


			2Tx,(1,1,2,1,1;1,1)





			Scheduling


			PF


			Aligned with reference


			Aligned with reference


			Round Robin


			Round Robin


			N/A


			N/A





			Receiver


			MMSE-IRC


			MMSE


			MMSE


			MMSE


			MMSE


			Aligned with reference


			Aligned with reference





			UL power control parameter


			


			Alpha 0,8 P0=-95 dBm


			Alpha 1,0 P0=-113 dBm


			Alpha 1.0 P0=-111.44 dBm


			Alpha 1.0 P0=-116.44 dBm


			Alpha 1,0 P0=-106 dBm


			Alpha 1,0 P0=-106 dBm





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			Post-processed SINR


			Post-processed SINR


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			


			


			


			


			


			


			


			





			System configuration parameters


			Reference Value


			


			


			


			


			


			





			Carrier frequency for evaluation


			


			700 MHz


			4GHz


			700 MHz


			4GHz


			700 MHz


			4 GHz





			TRxP number per site


			3


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			


			90 degree


			90 degree


			98 degree


			98 degree


			99 degree


			99 degree





			Handover margin (dB)


			1


			


			


			0


			0


			0


			0





			UT attachment


			[image: ]


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











			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Minimum distance of TRxP and UE


			d2D_min=10m


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Polarized antenna model


			Model-2 in TR36.873


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			


			-


			-


			-


			-


			-


			-





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			-


			-


			-


			-


			-


			-





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Criteria for analog beam selection for serving TRxP


			


			-


			-


			-


			-


			-


			-





			Criteria for analog beam selection for interfering TRxP


			


			-


			-


			-


			-


			-


			-















UL/LLS


			Technical configuration Parameters


			Reference value


			Nokia
700 MHz


			Nokia
4 GHz


			Intel
700 MHz


			Intel
4 GHz


			Ericsson
700 MHz


			Ericsson
4 GHz





			Carrier frequency for evaluation


			


			700 MHz


			4 GHz


			700 MHz


			4 GHz


			700 MHz


			4 GHz





			Waveform


			


			CP-OFDM


			CP-OFDM


			CP-OFDM


			CP-OFDM


			CP-OFDM


			CP-OFDM





			Numerology


			


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS


			30 kHz SCS





			Simulation bandwdith


			


			10 MHz


			10 MHz


			40 MHz


			40 MHz


			20 MHz


			20 MHz





			Channel model


			TDL-iii(NLOS),TDL-v(LOS)


			Aligned with reference


			Aligned with reference


			TDL-C


			TDL-C


			TDL-C


			TDL-C





			Scaled delay spread


			363ns(NLOS),93 ns(LOS)


			Aligned with reference


			Aligned with reference


			300ns


			300ns


			300ns


			300ns





			UE Speed


			


			3km/h


			3km/h


			3km/h


			3km/h


			3km/h


			3km/h





			Number of symbols per slot


			


			7


			7


			7


			7


			PUSCH duration of 7 4 symbols


			PUSCH duration of 4 symbols





			Antenna configuration at TRxP


			


			1 Tx


			1 Tx


			1 Tx


			1 Tx


			2 Rx


			2 Rx





			Antenna configuration at UE


			


			1 Rx


			1 Rx


			8 Rx


			8 Rx


			2 Tx


			2 Tx





			TXRU pattern at TRxP


			


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional





			TXRU pattern at UE


			


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional


			0dBi Omni-directional





			Data Transmission mode


			


			SU-MIMO with rank 1


			SU-MIMO with rank 1


			Single port
24 PRB


			Single port
24 PRB


			SU-MIMO with rank 1


			SU-MIMO with rank 1





			Channel estimation


			


			Realistic


			Realistic


			Realistic


			Realistic


			Realistic


			Realistic





			PUCCH transmission scheme


			


			SISO


			SISO


			SIMO
Single-shot


			SIMO
Single-shot


			-


			-





			PUSCH modulation and coding


			


			LDPC, QPSK


			LDPC, QPSK


			LDPC
MCS #4 from Low SE 64 QAM table
(QPSK, CR = 78/1024)


			LDPC
MCS #4 from Low SE 64 QAM table
(QPSK, CR = 78/1024)


			LDPC, Table 3 MCS 1


			LDPC, Table 3 MCS 6





			Packet size


			


			256bit


			256bit


			256bit


			256bit


			256bit


			256bit





			DMRS configuration


			


			1 symbol DMRS, Config. 1, 3 dB power boost


			1 symbol DMRS, Config. 1, 3 dB power boost


			1 symbol DMRS, Config. 1, 3 dB power boost


			1 symbol DMRS, Config. 1, 3 dB power boost


			Type 2, 2 symbols DMRS


			Type 2, 1 symbol DMRS















Connection Density (Non-full buffer) – Urban Macro mMTC


SLS/1732m


			Technical configuration Parameters


			Reference value


			Ericsson
NB-IoT


			Ericsson
LTE-M





			Data transmission procedure


			1. Early data transmission
2. RRC Resume


			RRC Resume, data after Msg5, RRC Connection Release


			RRC Resume, data after Msg5, RRC Connection Release





			Multiple access


			


			DL: OFDMA
UL: SC-FDMA


			DL: OFDMA
UL: SC-FDMA





			Duplexing


			


			HD FDD


			HD FDD





			Numerology


			


			15 kHz SCS


			15 kHz SCS





			Simulation bandwdith


			


			180kHz


			1.08MHz





			Transmission scheme


			


			UL SIMO


			UL SIMO





			UL codebook


			


			1Tx


			1Tx





			MU dimension


			


			N/A


			N/A





			SU dimension


			


			1


			1





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)





			Scheduling


			


			Round-Robin


			Round-Robin





			Receiver


			MMSE-IRC


			MMSE


			MMSE





			Power control parameter


			


			UL SINR target of 10 dB


			UL SINR target of 10 dB





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).





			


			


			


			





			


			


			


			





			System configuration parameters


			Reference Value


			


			





			Carrier frequency for evaluation


			1 layer (Macro) with 700 MHz


			Aligned with reference


			Aligned with reference





			Simulation bandwidth


			


			180kHz


			1.08MHz





			TRxP number per site


			3


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference





			Electronic tilt


			


			Conf A: 93° 
Conf A: 99°


			Conf A: 93° 
Conf A: 99°





			Handover margin (dB)


			


			2


			2





			UT attachment


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


			Single tone(15kHz)


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Radio distance based


			Radio distance based





			Polarized antenna model


			Model-2 in TR36.873


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			


			


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Strongest cell based on RSRP


			Strongest cell based on RSRP





			Criteria for analog beam selection for serving TRxP


			-


			


			





			Analog beam selection for interfering TRxP


			-


			


			





			PRACH configuration


			


			CE 0: 2 rep, 160 ms periodicity
CE 1: 8 rep, 640 ms periodicity,
 -126 dBm CE threshold
CE 2: 32 rep, 2560 ms periodicity, 
-136 dBm CE threshold


			CE 0: 1 rep, 10 ms periodicity
CE 1: 4 rep, 40 ms periodicity,
 -122 dBm CE threshold
CE 2: 16 rep, 160 ms periodicity,  
-130 dBm CE threshold
CE 3: 64 rep, 640 ms periodicity, 
-138 dBm CE threshold





			PUSCH scheduling unit


			


			Flexible according to 3GPP specificatons


			Flexible according to 3GPP specificatons





			UL DMRS


			


			According to 3GPP specificatons


			According to 3GPP specificatons















SLS/500m


			Technical configuration Parameters


			Reference value


			Ericsson
NB-IoT


			Ericsson
LTE-M





			Data transmission procedure


			1. Early data transmission
2. RRC Resume


			RRC Resume, data after Msg5, RRC Connection Release


			RRC Resume, data after Msg5, RRC Connection Release





			Multiple access


			


			DL: OFDMA
UL: SC-FDMA


			DL: OFDMA
UL: SC-FDMA





			Duplexing


			


			HD FDD


			HD FDD





			Numerology


			


			15 kHz SCS


			15 kHz SCS





			Simulation bandwdith


			


			180kHz


			1.08MHz





			Transmission scheme


			


			UL SIMO


			UL SIMO





			UL codebook


			


			1Tx


			1Tx





			MU dimension


			


			N/A


			N/A





			SU dimension


			


			1


			1





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)





			Scheduling


			


			Round-Robin


			Round-Robin





			Receiver


			MMSE-IRC


			MMSE


			MMSE





			Power control parameter


			


			UL SINR target of 10 dB


			UL SINR target of 10 dB





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).





			


			


			


			





			


			


			


			





			System configuration parameters


			Reference Value


			


			





			Carrier frequency for evaluation


			1 layer (Macro) with 700 MHz


			Aligned with reference


			Aligned with reference





			Simulation bandwidth


			


			180kHz


			1.08MHz





			TRxP number per site


			3


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference





			Electronic tilt


			


			Conf A: 93° 
Conf A: 99°


			Conf A: 93° 
Conf A: 99°





			Handover margin (dB)


			


			2


			2





			UT attachment


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


			Strongest cell based on RSRP


			Strongest cell based on RSRP





			Wrapping around method


			Geographical distance based wrapping


			Radio distance based


			Radio distance based





			Polarized antenna model


			Model-2 in TR36.873


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			


			


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Strongest cell based on RSRP


			Strongest cell based on RSRP





			Criteria for analog beam selection for serving TRxP


			-


			


			





			Analog beam selection for interfering TRxP


			-


			


			





			PRACH configuration


			


			CE 0: 2 rep, 160 ms periodicity
CE 1: 8 rep, 640 ms periodicity,
 -126 dBm CE threshold
CE 2: 32 rep, 2560 ms periodicity, 
-136 dBm CE threshold


			CE 0: 1 rep, 10 ms periodicity
CE 1: 4 rep, 40 ms periodicity,
 -122 dBm CE threshold
CE 2: 16 rep, 160 ms periodicity,  
-130 dBm CE threshold
CE 3: 64 rep, 640 ms periodicity, 
-138 dBm CE threshold





			PUSCH scheduling unit


			


			Flexible according to 3GPP specificatons


			Flexible according to 3GPP specificatons





			UL DMRS


			


			According to 3GPP specificatons


			According to 3GPP specificatons












Connection Density (Full buffer) – Urban Macro mMTC


SLS/1732m


			Technical configuration Parameters


			Reference value


			Ericsson
NB-IoT


			Ericsson
LTE-M


			Ericsson
NR


			Intel
eMTC


			Intel
NR





			Multiple access


			


			Single-tone SC-FDMA


			SC-FDMA


			OFDMA


			DFT-S-OFDM


			OFDMA





			Duplexing


			


			FDD


			FDD


			FDD


			FDD


			FDD





			Numerology


			


			15 kHz SCS


			15 kHz SCS


			15 kHz SCS


			15 kHz SCS


			15 kHz SCS





			Transmission scheme


			


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO





			UL codebook


			


			1Tx


			1Tx


			1Tx


			1Tx


			1Tx





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)





			Scheduling


			


			No scheduling active in full buffer simulations.


			No scheduling active in full buffer simulations.


			No scheduling active in full buffer simulations.


			Full buffer


			Full buffer





			Receiver


			MMSE-IRC


			MRC


			MRC


			MRC


			Aligned with reference


			Aligned with reference





			Power control parameter


			


			Alpha = 1.0, SNR target 3dB


			Alpha = 1.0, SNR target = 3dB


			Alpha = 1.0, SNR target = 3dB


			α=1, P_0=-113 dBm


			α=1, P_0=-113 dBm





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Aligned with reference


			Aligned with reference















LLS/1732m


			Parameters


			Reference value


			Ericsson


			Ericsson


			Ericsson


			Intel


			Intel





			


			


			NB-IoT


			LTE-M


			NR


			eMTC


			NR





			Physical channel


			


			NPUSCH F1


			PUSCH


			PUSCH


			PUSCH


			PUSCH





			Carrier frequency


			


			700 MHz


			700 MHz


			700 MHz


			700 MHz


			700 MHz





			Evaluated service profiles


			Full buffer best effort


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwidth


			Up to 50 MHz (for ISD = 1732 m)


			15kHz


			180kHz


			180kHz


			180kHz


			180kHz





			Number of users in simulation


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Link-level Channel model


			


			TDL-iii


			TDL-iii


			TDL-iii


			TDL-iii


			TDL-iii





			UE speed


			3 km/h


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Subcarrier spacing


			


			15 kHz


			15 kHz


			15 kHz


			15 kHz


			15 kHz





			Symbols number per slot


			14


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Antenna configuration at TRxP


			


			2R


			2R


			2R


			2R


			2R





			Antenna configuration at UE


			


			1T


			1T


			1T


			1T


			1T





			TXRU pattern at TRxP


			


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			TXRU pattern at UE


			


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			Transmission mode


			


			SIMO


			SIMO


			SIMO


			SIMO


			SIMO





			Transmission rank


			


			1


			1


			1


			1


			1





			UL precoder


			


			


			


			


			-


			-





			TBS


			


			256


			144, 256


			32, 42, 48, 64, 80, 104, 144, 168, 184


			32, 144, 256


			32, 64, 144, 184





			Modulation order


			


			QPSK-π/4


			QPSK, 16QAM


			QPSK


			QPSK (for 32/144), 16QAM (for 256)


			QPSK





			Number of Resource units


			


			2,3,4,5,6,8,10


			N/A


			N/A


			N/A


			N/A





			Number of repetition


			


			1,2,4,8,16


			1,2,4,8,16,32


			1


			1


			1





			TRxP receiver type


			MMSE-IRC


			MMSE


			MMSE


			MMSE


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			Realistic


			Realistic


			Realistic


			MMSE


			MMSE





			Channel coding scheme


			


			Turbo code


			Turbo code


			LDPC code


			Turbo code


			LDPC code





			DMRS configuration


			


			According to 3GPP specifications.


			According to 3GPP specifications.


			According to 3GPP specifications.


			According to 3GPP specifications.


			According to 3GPP specifications.















SLS/500m


			Technical configuration Parameters


			Reference value


			Ericsson
NB-IoT


			Ericsson
LTE-M


			Ericsson
NR


			Intel
eMTC


			Intel
NR





			Multiple access


			


			Single-tone SC-FDMA


			SC-FDMA


			OFDMA


			DFT-S-OFDM


			OFDMA





			Duplexing


			


			FDD


			FDD


			FDD


			FDD


			FDD





			Numerology


			


			15 kHz SCS


			15 kHz SCS


			15 kHz SCS


			15 kHz SCS


			15 kHz SCS





			Transmission scheme


			


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO


			UL SIMO





			UL codebook


			


			1Tx


			1Tx


			1Tx


			1Tx


			1Tx





			Antenna configuration at TRxP


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)


			2R, (8,1,2,1,1; 1,1)





			Antenna configuration at UE


			(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)


			1T, (1,1,1,1,1; 1,1)





			Scheduling


			


			No scheduling active in full buffer simulations.


			No scheduling active in full buffer simulations.


			No scheduling active in full buffer simulations.


			Full buffer


			Full buffer





			Receiver


			MMSE-IRC


			MRC


			MRC


			MRC


			Aligned with reference


			Aligned with reference





			Power control parameter


			


			Alpha = 1.0, SNR target 10dB


			Alpha = 1.0, SNR target = 3dB


			Alpha = 1.0, SNR target = 3dB


			α=1, P_0=-103 dBm


			α=1, P_0=-103 dBm





			SINR


			Pre-processing SINR as in Section 2.1.1 in R1-1805643


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Total received wanted power, divided by total received interference and noise (over all antenna elements and configured signal bandwitdh).


			Aligned with reference


			Aligned with reference





			System configuration parameters


			Reference Value


			


			


			


			


			





			Carrier frequency for evaluation


			1 layer (Macro) with 700 MHz


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			TRxP number per site


			3


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Mechanic tilt


			90° in GCS (pointing to horizontal direction)


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Electronic tilt


			


			99° in GCS


			99° in GCS


			99° in GCS


			99° in GCS


			99° in GCS





			Handover margin (dB)


			


			0


			0


			0


			0


			0





			UT attachment


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


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Wrapping around method


			Geographical distance based wrapping


			Radio distance based wrapping


			Radio distance based wrapping


			Radio distance based wrapping


			Aligned with reference


			Aligned with reference





			Polarized antenna model


			Model-2 in TR36.873


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)


			


			


			


			


			


			





			Beam set at UE
(Constraints for the range of selective analog beams for UE)


			-


			


			


			


			


			





			Criteria for selection for serving TRxP


			Maximizing RSRP where the digital beamforming is not considered


			Strongest cell based on RSRP


			Strongest cell based on RSRP


			Strongest cell based on RSRP


			RSRP based cell selection


			RSRP based cell selection





			Criteria for analog beam selection for serving TRxP


			-


			


			


			


			RSRP based DFT beam selection


			RSRP based DFT beam selection





			Analog beam selection for interfering TRxP


			-


			


			


			


			


			





			PUSCH scheduling unit


			


			Single tone (15kHz)


			1 PRB (180kHz)


			1 PRB (180kHz)


			180kHz


			180kHz















LLS/500m


			Parameters


			Reference value


			Ericsson


			Ericsson


			Ericsson


			Intel


			Intel





			


			


			NB-IoT


			LTE-M


			NR


			eMTC


			NR





			Physical channel


			


			NPUSCH F1


			PUSCH


			PUSCH


			PUSCH


			PUSCH





			Carrier frequency


			


			700 MHz


			700 MHz


			700 MHz


			700 MHz


			700 MHz





			Evaluated service profiles


			Full buffer best effort


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Simulation bandwidth


			Up to 10 MHz (for ISD = 500 m)


			15kHz


			180kHz


			180kHz


			180kHz


			180kHz





			Number of users in simulation


			1


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Link-level Channel model


			


			TDL-iii


			TDL-iii


			TDL-iii


			TDL-iii


			TDL-iii





			UE speed


			3 km/h


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Subcarrier spacing


			


			15 kHz


			15 kHz


			15 kHz


			15 kHz


			15 kHz





			Symbols number per slot


			14


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference


			Aligned with reference





			Antenna configuration at TRxP


			


			2R


			2R


			2R


			2R


			2R





			Antenna configuration at UE


			


			1T


			1T


			1T


			1T


			1T





			TXRU pattern at TRxP


			


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			TXRU pattern at UE


			


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional


			Option 1: 0dBi Omni-directional





			Transmission mode


			


			SIMO


			SIMO


			SIMO


			SIMO


			SIMO





			Transmission rank


			


			1


			1


			1


			1


			1





			UL precoder


			


			


			


			


			-


			-





			TBS


			


			256


			144, 256


			32, 42, 48, 64, 80, 104, 144, 168, 184


			32, 144, 256


			32, 64, 144, 184





			Modulation order


			


			QPSK-π/4


			QPSK, 16QAM


			QPSK


			QPSK (for 32/144), 16QAM (for 256)


			QPSK





			Number of Resource units


			


			2,3,4,5,6,8,10


			N/A


			N/A


			N/A


			N/A





			Number of repetition


			


			1,2,4,8,16


			1,2,4,8,16,32


			1


			1


			1





			TRxP receiver type


			MMSE-IRC


			MMSE


			MMSE


			MMSE


			Aligned with reference


			Aligned with reference





			Channel estimation


			


			Realistic


			Realistic


			Realistic


			MMSE


			MMSE





			Channel coding scheme


			


			Turbo code


			Turbo code


			LDPC code


			Turbo code


			LDPC code





			DMRS configuration


			


			According to 3GPP specifications.


			According to 3GPP specifications.


			According to 3GPP specifications.


			According to 3GPP specifications.


			According to 3GPP specifications.
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17 Configurations 


InH_4GHz_12TRxP_ModelA


InH_4GHz_12TRxP_ModelB


InH_4GHz_36TRxP_ModelA


InH_4GHz_36TRxP_ModelB


InH_30GHz_12TRxP


InH_30GHz_36TRxP


InH_70GHz_12TRxP


InH_70GHz_36TRxP








DenseUrban_4GHz_ModelA


DenseUrban_4GHz_ModelB


DenseUrban_30GHz (Model A=B)


Rural_4GHz_ModelA


Rural_4GHz_ModelB


Rural_700M_ModelA
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Rural_LMLC_ModelA


Rural_LMLC_ModelB
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