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1	Background

TPCEG was formed by ITRI Inc., and a registered Independent Evaluation Group (IEG) committing in participating in the process of IMT-2020 evaluation. The proponents of TPCEG coming from trans-pacific area, including Taiwan Association of Information and Communication Standards (TAICS)[footnoteRef:1] and other research units. TPCEG has initiated the evaluation work after the ITU-R event, Workshop on IMT-2020 terrestrial radio interfaces, in October 2017. During the period from October 2017 (the 28th meeting of Working Party 5D) to October 2018 (the 31th meeting of Working Party 5D), the collaboration between TPCEG proponents has been designated for evaluation of the IMT-2020 candidate technology submissions. At the first meeting of TPCEG (September 2018), contributions with study results for the (S)RIT submissions from 3GPP have been reviewed by proponents, and an initial evaluation report was prepared under the coordination of ITRI Inc.  [1:  More information can be found in https://www.taics.org.tw/eng/ .] 




2.	Administrative Aspects of the Independent Evaluation Group

2.1	Method of Work

TPCEG is a study group with contribution-driven working model. All TPCEG official announcement are sent to the proponents through email reflector. Contributions can be submitted through mail, mutual visit, and teleconference, and the evaluation results will be discussed with the coordination of ITRI Inc. All evaluation reports will be provided to ITU-R WP5D after being reviewed and confirmed by TPCEG proponents in official meetings. 

Since October 2017, TPCEG issued Liaisons to interested parties for calling study results of IMT-2020 evaluation. With the submissions from proponents, TPCEG issued a call for question, comments, calibration and results, and held the first meeting on 28th September 2018. During the first meeting, TPCEG proponents reviewed all the submitted evaluation results and drafted an initial evaluation report. More information can be found on TPCEG public website <http://tpceg.org>.

In addition, TPCEG representatives also work with other ITU-R Independent Evaluation Groups, and have collaboration meetings since 2017. During the meetings, TPCEG also shared its evaluation progress and comments with other evaluation groups. The next step of TPCEG is to attend WWRF#41 meeting in October 2018 to present this initial evaluation report for further collaboration. 

	

2.2	Administrative Contact Details

		TPCEG Moderator
	Tzu-Ming Lin (ITRI Inc.)
	tmlin@itri.com 


2.3	Technical Contact Details

		Kelvin Chou (MediaTek Inc.)
	kelvin.chou@mediatek.com

		Chin-Kuo Jao (ITRI)
	ckjao@itri.org.tw



3	Evaluation summary

3.1	Use of information in Report ITU-R M.2412

Working Party 5D has defined evaluation guidelines for IMT-2020 candidate technology evaluation in the Report ITU-R M.2412. The latest version of this document is Report ITU-R M.2412-0.

Independent Evaluation Groups are requested to indicate in their inputs to Working Party 5D that they applied Report ITU-R M.2412-0 in their evaluation.

Does Independent Evaluation Group confirm use of Report ITU-R M.2412-0 in their work?

 Yes	 No

3.2	Provision of compliance templates

Provision of compliance template for services (Section 5.2.4.1 of Report ITU-R M.2411)

		

		Service capability requirements

		Evaluator’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)

		The candidate NR RIT can support the usage scenario of eMBB with the results in this initial evaluation report. The other usage scenarios, i.e.URLLC and mMTC, will be evaluated in the future.



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





Provision of compliance template for spectrum (Section 5.2.4.2 of Report ITU-R M.2411)

		

		Spectrum capability requirements



		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.

The following frequency bands can be supported, in accordance with spectrum requirements defined by Report ITU-R M.2411-0. 



450 – 6000 MHz:

		NR operating band

		Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high

		Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high

		Duplex Mode



		n1

		1920 MHz – 1980 MHz

		2110 MHz – 2170 MHz

		FDD



		n2

		1850 MHz – 1910 MHz

		1930 MHz – 1990 MHz

		FDD



		n3

		1710 MHz – 1785 MHz

		1805 MHz – 1880 MHz

		FDD



		n5

		824 MHz – 849 MHz

		869 MHz – 894 MHz

		FDD



		n7

		2500 MHz – 2570 MHz

		2620 MHz – 2690 MHz

		FDD



		n8

		880 MHz – 915 MHz

		925 MHz – 960 MHz

		FDD



		n12

		699 MHz – 716 MHz

		729 MHz – 746 MHz

		FDD



		n20

		832 MHz – 862 MHz

		791 MHz – 821 MHz

		FDD



		n25

		1850 MHz – 1915 MHz

		1930 MHz – 1995 MHz

		FDD



		n28

		703 MHz – 748 MHz

		758 MHz – 803 MHz

		FDD



		n34

		2010 MHz – 2025 MHz

		2010 MHz – 2025 MHz

		TDD



		n38

		2570 MHz – 2620 MHz

		2570 MHz – 2620 MHz

		TDD



		n39

		1880 MHz – 1920 MHz

		1880 MHz – 1920 MHz

		TDD



		n40

		2300 MHz – 2400 MHz

		2300 MHz – 2400 MHz

		TDD



		n41

		2496 MHz – 2690 MHz

		2496 MHz – 2690 MHz

		TDD



		n50

		1432 MHz – 1517 MHz

		1432 MHz – 1517 MHz

		TDD



		n51

		1427 MHz – 1432 MHz

		1427 MHz – 1432 MHz

		TDD



		n66

		1710 MHz – 1780 MHz

		2110 MHz – 2200 MHz

		FDD



		n70

		1695 MHz – 1710 MHz

		1995 MHz – 2020 MHz

		FDD



		n71

		663 MHz – 698 MHz

		617 MHz – 652 MHz

		FDD



		n74

		1427 MHz – 1470 MHz

		1475 MHz – 1518 MHz

		FDD



		n75

		N/A

		1432 MHz – 1517 MHz

		SDL



		n76

		N/A

		1427 MHz – 1432 MHz

		SDL



		n77

		3300 MHz – 4200 MHz

		3300 MHz – 4200 MHz

		TDD



		n78

		3300 MHz – 3800 MHz

		3300 MHz – 3800 MHz

		TDD



		n79

		4400 MHz – 5000 MHz

		4400 MHz – 5000 MHz

		TDD



		n80

		1710 MHz – 1785 MHz

		N/A

		SUL 



		n81

		880 MHz – 915 MHz

		N/A

		SUL 



		n82

		832 MHz – 862 MHz

		N/A

		SUL 



		n83

		703 MHz – 748 MHz

		N/A

		SUL



		n84

		1920 MHz – 1980 MHz

		N/A

		SUL



		n86

		1710 MHz – 1780 MHz

		N/A

		SUL









		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.



24250 – 52600 MHz:

		NR operating band

		Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive 

FUL_low   –  FUL_high

FDL_low   –  FDL_high

		Duplex Mode



		n257

		26500 MHz – 29500 MHz

		TDD



		n258

		24250 MHz – 27500 MHz

		TDD



		n260

		37000 MHz – 40000 MHz

		TDD



		n261

		27500 MHz – 28350 MHz

		TDD











Provision of compliance template for technical performance (Section 5.2.4.3 of Report ITU-R M.2411)

		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

		22.01

			Yes
	No

		Refer to A-3



		

		

		

		Uplink

		10

		11.51

			Yes
	No

		



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

		eMBB

		Not applicable

		Downlink

		30

		43.41

			Yes
	No

		Refer to A-2



		

		

		

		Uplink

		15

		23.51

			Yes
	No

		



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

		eMBB

		Dense Urban – eMBB

		Downlink

		100

		

			Yes
	No

		T.B.D.



		

		

		

		Uplink

		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

		0.36

(Max 0.39)

			Yes
	No

		Refer to A-4



		

		

		

		Uplink

		0.21

		0.411

(Max 0.59)

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		0.225

		0.421

(Max 0.49)

			Yes
	No

		Refer to A-5



		

		

		

		Uplink

		0.15

		0.347

(Max 0.505)

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Downlink

		0.12

		0.155 (cfg. –A)

(Max 0.224)

			Yes
	No

		Refer to A-6



		

		

		

		

		

		0.321 (cfg.-B)

(Max 0.452)

		

		



		

		

		

		

		

		0.112 (cfg.-C)

(Max 0.12)

		

		



		

		

		

		Uplink

		0.045

		0.113 (cfg.-A)

(Max 0.231)

			Yes
	No

		



		

		

		

		

		

		0.126(cfg.-B)

(Max 0.19)

		

		



		

		

		

		

		

		0.075 (cfg.-C)

(Max 0.099)

		

		



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

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		9

		10.544

(Max 11.12)

			Yes
	No

		Refer to A-4



		

		

		

		Uplink

		6.75

		8.588

(Max 8.82)

			Yes
	No

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		7.8

		11.867

(Max 14.105)

			Yes
	No

		Refer to A-5



		

		

		

		Uplink

		5.4

		8.702

(Max 9.29)

			Yes
	No

		



		

		eMBB

		Rural – eMBB

		Downlink

		3.3

		5.774 (cfg.-A)

(Max 7.287)

			Yes
	No

		Refer to A-6



		

		

		

		

		

		11.063 (cfg.-B)

(Max 11.64)

		

		



		

		

		

		

		

		6.835 (cfg.-C)

(Max 8.11)

		

		



		

		

		

		Uplink

		1.6

		6.243 (cfg. -A)

(Max 8.715)

			Yes
	No

		



		

		

		

		

		

		6.231 (cfg.-B)

(Max 9.614)

		

		



		

		

		

		

		

		5.976 (cfg.-C)

(Max 8.995)

		

		



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

		eMBB

		Indoor-Hotspot – eMBB

		Downlink

		10

		

			Yes
	No

		T.B.D.



		5.2.4.3.7
User plane latency
(ms)
(4.7.1)

		eMBB

		Not applicable

		Uplink and Downlink

		4

		

			Yes
	No

		T.B.D.



		

		URLLC

		Not applicable

		Uplink and Downlink

		1

		

			Yes
	No

		T.B.D.



		5.2.4.3.8
Control plane latency (ms)
(4.7.2)

		eMBB

		Not applicable

		Not applicable

		20

		

			Yes
	No

		T.B.D.



		

		URLLC

		Not applicable

		Not applicable

		20

		

			Yes
	No

		T.B.D.



		5.2.4.3.9
Connection density (devices/km2)
(4.8)

		mMTC

		Urban Macro – mMTC

		Uplink

		1 000 000

		

			Yes
	No

		T.B.D.



		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

		

			Yes
	No

		T.B.D.



		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

		

			Yes
	No

		T.B.D.



		5.2.4.3.12
Mobility classes
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink



		Stationary, Pedestrian

		

			Yes
	No

		T.B.D.



		

		eMBB

		Dense Urban – eMBB

		Uplink



		Stationary, Pedestrian,

Vehicular (up to 30 km/h)

		

			Yes
	No

		T.B.D.



		

		eMBB

		Rural – eMBB

		Uplink



		Pedestrian, Vehicular, High speed vehicular

		

			Yes
	No

		T.B.D.



		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)

		

			Yes
	No

		T.B.D.



		

		eMBB

		Dense Urban – eMBB

		Uplink

		1.12 (30 km/h)

		

			Yes
	No

		T.B.D.



		

		eMBB

		Rural – eMBB

		Uplink

		0.8 (120 km/h)

		

			Yes
	No

		T.B.D.



		

		

		

		

		0.45 (500 km/h)

		

			Yes
	No

		T.B.D.



		5.2.4.3.14
Mobility interruption time (ms) 
(4.12)

		eMBB and URLLC

		Not applicable

		Not applicable

		0

		

			Yes
	No

		T.B.D.



		5.2.4.3.15
Bandwidth and Scalability
(4.13)

		Not applicable

		Not applicable

		Not applicable

		At least 100 MHz

		

			Yes
	No

		T.B.D.



		

		

		

		

		Up to 1 GHz

		

			Yes
	No

		T.B.D.



		

		

		

		

		Support of multiple different bandwidth values(4)

		

			Yes
	No

		T.B.D.



		(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.





3.3	Summary the Initial Evaluation Report

Which test environments have been considered in the Initial 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?



		 Indoor Hotspot-eMBB

		 Yes	 No	 Partial evaluation



		 Dense Urban-eMBB

		 Yes	 No	 Partial evaluation



		 Rural-eMBB

		 Yes	 No	 Partial evaluation



		 Urban Macro–mMTC

		 Yes	 No	 Partial evaluation



		 Urban Macro–URLLC

		 Yes	 No	 Partial evaluation







3.4	Additional evaluation methodologies and assumptions

Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2412-0 been used in evaluation?

 Yes	 No




Annex A
Evaluation Results Contributed by TPCEG Proponents

A-1	Introduction

This section contains the evaluation results received from TPCEG proponents, which are reviewed and harmonized in TPCEG meetings and used to summarize the evaluation results for quantitative assessment on 3GPP NR RIT proposal. All evaluation results were generated by following the IMT2020 evaluation methodology. Table A-1-1 shows the different sources of the evaluation results correspond to contributors from the different affiliations.



Table A-1-1

Sources of the evaluation results

		Source 1

		MEDIATEK 



		Source 2

		ITRI







A-2	Results of Peak Spectral Efficiency for eMBB Test Environments 

The peak spectral efficiency for NR in FR1 and FR2 for DL and UL are shown in Tables A-2-1 and Table A-2-2 respectively. The spectral efficiency of larger bandwidth is larger than that of small bandwidth since the guard band ratio is more efficient with larger bandwidth. Similar reason can be explained for the more spectral efficiency of smaller SCS. From Tables A-2-1 and Table A-2-2, it can be seen that NR fulfils the peak spectral efficiency requirements of 30 bits/s/Hz for DL and 15 bits/s/Hz for UL for both FR1 and FR2 and all supported SCS and BW combinations.



Table A-2-1. Peak spectral efficiency for FR1 DL/UL cases

		SCS (kHz)

		5 MHz

		10 MHz

		20 MHz

		40 MHz

		50MHz

		80 MHz

		100 MHz

		Requirement

(bps/Hz)



		DL

		15

		42.80

		44.51

		45.37

		46.22

		46.22

		N.A

		N.A

		30



		

		30

		37.66

		41.09

		43.65

		45.37

		45.54

		46.44

		46.74

		



		

		60

		N.A

		37.66

		41.09

		43.65

		44.51

		45.79

		46.22

		



		UL

		15

		22.89

		23.81

		24.26

		24.72

		24.72

		N.A

		N.A

		15



		

		30

		20.14

		21.97

		23.35

		24.26

		24.35

		24.84

		25.00

		



		

		60

		N.A

		20.14

		21.97

		23.35

		23.81

		24.49

		24.72

		







Table A-2-2. Peak spectral efficiency for FR2 DL/UL cases

		SCS (kHz)

		50 MHz

		100 MHz

		200 MHz

		400 MHz

		Requirement (bps/Hz)



		DL

		60

		43.09

		43.09

		43.09

		N.A

		30



		

		120

		41.79

		43.09

		43.09

		43.0968

		



		UL

		60

		23.65

		23.65

		23.65

		N.A

		15



		

		120

		22.93

		23.65

		23.65

		23.6507

		

















A-3	Results of Peak Data Rate for eMBB Test Environments 

Based on the calculation of peak spectral efficiency in Annex B-1, the analysis of peak data rate for NR DL and UL cases are shown in Tables A-3-1 and Table A-3-2 respectively. In order to meet the peak data rate requirement of IMT-2020, different bandwidth and SCS combinations require different minimum number of CCs.



Table A-3-1. Peak data rate calculation for DL case

		

		Single CC BW (MHz)

		SCS (KHz)

		Min. number of CCs 

		[bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK131]Total CA BW (MHz)

		[bookmark: OLE_LINK263][bookmark: OLE_LINK264]Peak data rate (Gbit/s)

		Requirement (Gbit/s)



		FR1

		20

		15

		23

		460

		20.87

		20



		

		

		30

		

		

		20.08

		



		

		

		60

		25

		500

		20.55

		



		

		50

		15

		9

		450

		20.78

		



		

		

		30

		

		

		20.49

		



		

		

		60

		

		

		20.03

		



		

		100

		30

		5

		500

		23.33

		



		

		

		60

		

		

		23.11

		



		FR2

		50

		60

		10

		500

		21.54

		



		

		

		120

		

		

		20.89

		



		

		100

		60

		5

		500

		21.54

		



		

		

		120

		

		

		21.54

		



		

		200

		60

		3

		600

		25.85

		



		

		

		120

		

		

		25.85

		







Table A-3-2. Peak data rate calculation for UL case

		

		Single CC BW (MHz)

		SCS (KHz)

		Min. number of CCs

		Total CA BW (MHz)

		Peak data rate (Gbit/s)

		Requirement (Gbit/s)



		FR1

		20

		15

		21

		420

		10.19

		10



		

		

		30

		22

		440

		10.27

		



		

		

		60

		23

		460

		10.11

		



		

		50

		15

		9

		450

		11.12

		



		

		

		30

		

		

		10.95

		



		

		

		60

		

		

		10.71

		



		

		100

		30

		4

		400

		10.00

		



		

		

		60

		5

		500

		12.36

		



		FR2

		50

		60

		10

		500

		11.82

		



		

		

		120

		

		

		11.46

		



		

		100

		60

		5

		500

		11.82

		



		

		

		120

		

		

		11.82

		



		

		200

		60

		3

		600

		14.19

		



		

		

		120

		

		

		14.19

		









A-4	Results of eMBB Indoor Hotspot Test Environment

Based on the configuration and assumption in Annex B-2, the evaluation results of Indoor Hotspot-eMBB test environment are shown in A-4-1. In order to verify the technical performance of NR RIT, different combinations of 3GPP features, i.e. MIMO schemes, are simulated.



Table A-4-1. Evaluation Result of Indoor Hotspot – eMBB (Configuration A)

		eMBB - Indoor Hotspot

		Configuration A (4GHz)



		Performance Requirement

		Category

		MEDIATEK

		ITRI

		Result

		M.2410

		Note



		Average spectral efficiency
(bps/Hz/TRxP)

		Downlink

		

		9.507

		10.544

		9

		SU-MIMO



		

		

		

		10.43 

		

		

		



		

		

		11.12 

		

		

		

		MU-MIMO



		

		Uplink

		8.82 

		8.356

		8.588

		6.75

		SU-MIMO



		5th percentile user spectral efficiency (bps/Hz)

		Downlink

		

		0.39

		0.36

		0.3

		SU-MIMO



		

		

		0.33 

		

		

		

		MU-MIMO



		

		Uplink

		0.59 

		0.404

		0.411

		0.21

		SU-MIMO



		

		

		

		0.241

		

		

		







A-5	Results of eMBB Dense Urban Test Environment

Based on the configuration and assumption in Annex B-2, the evaluation results of Indoor Hotspot-eMBB test environment are shown in A-5-1. In order to verify the technical performance of NR RIT, different combinations of 3GPP features, i.e. MIMO schemes, are simulated.



Table A-5-1. Evaluation Result of Dense Urban– eMBB (Configuration A)

		eMBB – Dense Urban

		Configuration A (4GHz)



		Performance Requirement

		Category

		MEDIATEK

		ITRI

		Result

		M.2410

		Note



		Average spectral efficiency
(bps/Hz/TRxP)

		Downlink

		

		14.105

		11.867

		7.8

		SU-MIMO



		

		

		

		10.584

		

		

		



		

		

		11.39 

		

		

		

		MU-MIMO



		

		Uplink

		8.79

		9.29

		8.702

		5.4

		SU-MIMO



		

		

		

		8.026

		

		

		



		5th percentile user spectral efficiency (bps/Hz)

		Downlink

		0.49

		0.395

		0.421

		0.225

		SU-MIMO



		

		

		0.4 

		

		

		

		MU-MIMO



		

		Uplink

		0.505

		0.189 

		0.347

		0.15

		SU-MIMO





A-6	Results of eMBB Rural Test Environment

Based on the configuration and assumption in Annex B-2, the evaluation results of Indoor Hotspot-eMBB test environment are shown in A-6-1. In order to verify the technical performance of NR RIT, different combinations of 3GPP features, i.e. MIMO schemes, are simulated in different evaluation configuration cases.



Table A-6-1. Evaluation Result of Rural – eMBB (Configuration A)

		eMBB – Rural

		Configuration A (700MHz)



		Performance Requirement

		Category

		MEDIATEK

		ITRI

		Result

		M.2410

		Note



		Average spectral efficiency
(bps/Hz/TRxP)

		Downlink

		4.53

		7.287

		5.774

		3.3

		SU-MIMO



		

		

		5.64

		

		

		

		MU-MIMO



		

		Uplink

		4.637

		8.715

		6.243

		1.6

		SU-MIMO



		

		

		

		5.378

		

		

		



		5th percentile user spectral efficiency (bps/Hz)

		Downlink

		0.224

		0.142

		0.155

		0.12

		SU-MIMO



		

		

		0.128

		

		

		

		MU-MIMO



		

		Uplink

		0.231

		0.052

		0.113

		0.045

		SU-MIMO



		

		

		

		0.058

		

		

		







Table A-6-1. Evaluation Result of Rural – eMBB (Configuration B)

		eMBB – Rural

		Configuration B (4GHz)



		Performance Requirement

		Category

		MEDIATEK

		ITRI

		Result

		M.2410

		Note



		Average spectral efficiency
(bps/Hz/TRxP)

		Downlink

		

		10.212

		11.063

		3.3

		SU-MIMO



		

		

		

		10.76

		

		

		



		

		

		11.64

		

		

		

		MU-MIMO



		

		Uplink

		3.988

		9.614

		6.231

		1.6

		SU-MIMO



		

		

		

		5.093

		

		

		



		5th percentile user spectral efficiency (bps/Hz)

		Downlink

		

		0.159

		0.321

		0.12

		SU-MIMO



		

		

		

		0.221

		

		

		



		

		

		0.452

		

		

		

		MU-MIMO



		

		Uplink

		0.19

		0.063

		0.126

		0.045

		SU-MIMO







Table A-6-2. Evaluation Result of Rural – eMBB (Configuration C)

		eMBB – Rural

		Configuration C (700MHz)



		Performance Requirement

		Category

		MEDIATEK

		ITRI

		Result

		M.2410

		Note



		Average spectral efficiency
(bps/Hz/TRxP)

		Downlink

		5.56

		

		6.835

		3.3

		SU-MIMO



		

		

		8.11

		

		

		

		MU-MIMO



		

		Uplink

		4.184

		8.995

		5.976

		1.6

		SU-MIMO



		

		

		

		4.749

		

		

		



		5th percentile user spectral efficiency (bps/Hz)

		Downlink

		0.104

		

		0.112

		0.12

		SU-MIMO



		

		

		0.12

		

		

		

		MU-MIMO



		

		Uplink

		0.099

		0.045

		0.075

		0.045

		SU-MIMO



		

		

		

		0.081

		

		

		










Annex B 
Evaluation Methodology and Configuration

B-1	Methodology for Peak SE and Data Rate Evaluation

[bookmark: _Hlk500590488]It have been discussed the data rate calculation method considering aggregated component carriers in a band or band combination[footnoteRef:2]. The calculation method is show as follows:  [2:  RP-172172, “Reply to LS on NR UE Category”, Ericsson, Intel.] 






wherein

· J is the number of aggregated component carriers in a band or band combination

· Rmax is the highest coding rate

· For the j-th CC,

· 

 is the maximum number of layers 

· 

 is the maximum modulation order

· 

is the scaling factor 

· The scaling factor can at least take the values 1 and 0.75. 

· 

is signalled per band and per band per band combination as per UE capability signalling

· 

 is the numerology (as defined in TS38.211)

· 





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

· 







 is the maximum RB allocation in bandwidth  with numerology , as given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where  is the UE supported maximum bandwidth in the given band or band combination

· 

is the overhead and takes the following values

The peak spectral efficiency can be derived from the peak data equation for a specific component carrier and its corresponding bandwidth:










B-2 	Evaluation Assumptions and Configuration 



A) Indoor Hotspot-eMBB

Table B-2-1. Assumptions and Configuration of Indoor Hotspot-eMBB (Downlink Case)

		Configuration A - Downlink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration



		Carrier frequency for evaluation

		4 GHz

		4 GHz

		4 GHz



		BS antenna height

		3 m

		3 m

		3 m



		Total transmit power per TRxP

		24 dBm for 20 MHz bandwidth
21 dBm for 10 MHz bandwidth

		21 dBm for 10 MHz bandwidth

		21 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Inter-site distance

		20 m

		20 m

		20 m



		Number of antenna elements per TRxP

		Up to 256 Tx/Rx

		32Tx, cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1)

		32Tx/Rx, 
(M,N,P,Mg,Ng) = (4,4,2,1,1)



		Number of UE antenna elements

		Up to 8 Tx/Rx

		4Rx with 0°,90° polarization
(M,N,P,Mg,Ng) = (1,2,2,1,1)

		4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1)



		Device deployment

		100% indoor, Randomly and uniformly distributed over the area

		100% indoor, Randomly and uniformly distributed over the area

		100% indoor, Randomly and uniformly distributed over the area



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		100% indoor, 3 km/h

		100% indoor, 3 km/h

		100% indoor, 3 km/h



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		5 dBi

		5 dBi

		5 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP, randomly and uniformly dropped throughout the geographical area

		10 UEs per TRxP, randomly and uniformly dropped throughout the geographical area

		10 UEs per TRxP, randomly and uniformly dropped throughout the geographical area



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		InH_A, InH_B

		InH_A

		InH_A



		Additional parameters 



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		32TXRU            
(Mp,Np,P,Mg,Ng) = (4,4,2,1,1)

		32TXRU, 
(Mp,Np,P,Mg,Ng) = (4,4,2,1,1)



		Number of TXRU per UE

		　

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

		 4TXRU, 
(Mp,Np,P,Mg,Ng) = (1,2,2,1,1)



		TRxP number per site

		　

		1

		1

		3



		Mechanic tilt

		　

		180deg in GCS 
(pointing to the ground)

		180deg in GCS 
(pointing to the ground)

		110° in GCS



		Electronic tilt

		　

		90deg in LCS

		90deg in LCS

		90° in LCS



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		MU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		MU-MIMO with rank 4 adaptation per user;
Maximum MU layer = 12

		SU-MIMO with rank adaptation



		Guard band ratio

		　

		FDD: 6.4% (for 10 MHz)

		FDD: 6.4% (for 10 MHz)



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

		5 slots period based on CSI-RS with delay



		Precoder derivation

		　

		FDD: NR Type II codebook based

		FDD: NR Type I codebook based



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		N/A

		N/A



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption　



		PDCCH

		　

		2 OFDM symbols per slot 

		2 OFDM symbols per slot 



		DMRS

		　

		Type II, based on MU-layer (dynamic in simulation)

		Type II, with 4, 8, 12 ports



		CSI-RS

		　

		32 ports per 5 slots

		4, 8, 16, 32 ports with periodicity of 5ms (CM);
ZP CSI-RS with 5 slots period;4 RE/PRB/5 slots (IM)



		SS/PBCH block

		　

		1 SS/PBCH block per 20ms

		1 SSB per 20 ms



		TRS

		　

		2 consecutive slots per 20ms, 1 port, 50PRB

		20ms period; maximal bandwidth with 52 PRB;
burst length with 2 slots
12 RE/PRB/20ms









Table B-2-2. Assumptions and Configuration of Indoor Hotspot-eMBB (Uplink Case)

		　Configuration A - Uplink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration



		Carrier frequency for evaluation

		4 GHz

		4 GHz

		4 GHz



		BS antenna height

		3 m

		3 m

		3 m



		Total transmit power per TRxP

		24 dBm for 20 MHz bandwidth
21 dBm for 10 MHz bandwidth

		21 dBm for 10 MHz bandwidth

		21 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Inter-site distance

		20 m

		20 m

		20 m



		Number of antenna elements per TRxP

		Up to 256 Tx/Rx

		32Rx cross-polarized antenna (M,N,P,Mg,Ng) = (4,4,2,1,1)

		32Tx/Rx, 
(M,N,P,Mg,Ng) = (4,4,2,1,1)



		Number of UE antenna elements

		Up to 8 Tx/Rx

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

		4Tx/Rx, 
(M,N,P,Mg,Ng) = (1,2,2,1,1)



		Number of TXRU per UE

		　

		2TXRU

		 4TXRU, 
(Mp,Np,P,Mg,Ng) = (1,2,2,1,1)



		Device deployment

		100% indoor, Randomly and uniformly distributed over the area

		100% indoor, Randomly and uniformly distributed over the area

		100% indoor, Randomly and uniformly distributed over the area



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		100% indoor, 3 km/h

		100% indoor, 3 km/h

		100% indoor, 3 km/h



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		5 dBi

		5 dBi

		5 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area

		10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area

		10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		InH_A, InH_B

		InH_A

		InH_A



		Additional parameters 



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		16TXRU, Vertical 1-to-2
(Mp,Np,P,Mg,Ng) = (2,4,2,1,1)

		32TXRU, 
(Mp,Np,P,Mg,Ng) = (4,4,2,1,1)



		Number of TXRU per UE

		　

		2TXRU, (1-to-1 mapping)
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)    

		 4TXRU, 
(Mp,Np,P,Mg,Ng) = (1,2,2,1,1)



		TRxP number per site

		　

		1

		1, 3



		Mechanic tilt

		　

		180deg in GCS 
(pointing to the ground)

		180deg in GCS 
(pointing to the ground)



		Electronic tilt

		　

		90deg in LCS

		90deg in LCS



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		SU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		SU-MIMO with rank 2/4 adaptation 

		SU-MIMO with rank adaptation



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		UE precoder scheme

		　

		Codebook based

		Codebook based



		UL CSI derivation

		　

		Non-precoded SRS based, with delay

		Non-precoded SRS based, with delay



		Power control

		　

		α= 0.6, P0 =-60 dBm

		α= 0.6, P0 =-60 dBm



		RB allocation for Power backoff model

		　

		Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

		N/A



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

		PMI, CQI: every 5 slot; RI: every 5 slot; Sub-band based



		Wrapping around method

		　

		N/A

		N/A



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption



		PUCCH

		　

		2 RBs, 14 OFDM symbols

		2 PRBs and 14 OS for the slots without SRS transmission; 
2 PRBs and 12 OS for the slots with SRS



		DMRS

		　

		Type II, 1 additional DMRS symbol, and no FDM  with PUSCH

		Type II, 2 complete symbols



		SRS

		　

		2 symbols per 5 slots,
8 RBs per symbol

		2 OFDM symbols per 5 slots







B) Dense Urban-eMBB

Table B-2-3. Assumptions and Configuration of Dense Urban-eMBB (Downlink Case)

		　Configuration A - Downlink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration



		Carrier frequency for evaluation

		1 layer (Macro) with 4 GHz

		4 GHz

		1 layer (Macro) with 4 GHz



		BS antenna height

		25 m

		25 m

		25 m



		Total transmit power per TRxP

		44 dBm for 20 MHz bandwidth
41 dBm for 10 MHz bandwidth

		41 dBm for 10 MHz bandwidth

		41 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		20% high loss, 80% low loss

		20% high loss, 80% low loss

		20% high loss, 80% low loss



		Inter-site distance

		200 m

		200 m

		200 m



		Number of antenna elements per TRxP

		Up to 256 Tx/Rx

		128Tx cross-polarized antenna (M,N,P,Mg,Ng) = (8,8,2,1,1)

		128Tx/Rx, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)



		Number of UE antenna elements

		Up to 8 Tx/Rx

		4Rx                                  (M,N,P,Mg,Ng) = (1,2,2,1,1)
with 0°,90° polarization

		4Tx/Rx, 
(M,N,P,Mg,Ng) = (1,2,2,1,1), 



		Device deployment

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

		Aligned with reference

		Aligned with reference



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

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

		Aligned with reference

		Aligned with reference



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD,
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
Randomly and uniformly distributed over the area under Macro layer

		Aligned with reference

		Aligned with reference



		UE antenna height

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

		Aligned with reference

		Aligned with reference



		Channdel Model

		Macro layer: UMa_A, UMa_B
Micro layer: UMi_A, UMi_B

		UMa_A

		UMa_A



		Additional parameters 　



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		32TXRU, Vertical 2-to-8
(Mp,Np,P,Mg,Ng) = (2,8,2,1,1)

		4TXRU, 
(Mp,Np,P,Mg,Ng) = (2,1,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

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

		 4TXRU, 
(Mp,Np,P,Mg,Ng) = (1,2,2,1,1)



		Mechanic tilt

		　

		90deg in GCS (pointing to the horizontal direction)

		90deg in GCS (pointing to the horizontal direction)



		Electronic tilt

		　

		105deg in LCS

		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][footnoteRef:3] [3:   (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)] 




		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		MU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		MU-MIMO with rank 4 adaptation per user
Maximum MU layer = 12

		SU-MIMO with rank adaptation



		Guard band ratio

		　

		FDD: 6.4% (for 10 MHz)

		FDD: 6.4% (for 10 MHz)



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

		5 slots period based on CSI-RS with delay



		Precoder derivation

		　

		FDD: NR Type II codebook based

		FDD: NR Type I codebook based



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption



		PDCCH

		　

		2 OFDM symbols per slot 

		2 OFDM symbols per slot 



		DMRS

		　

		Type II, based on MU-layer (dynamic in simulation)

		Type II, with 4, 8, 12 ports



		CSI-RS

		　

		FDD: 32 ports per 5 slots

		4, 8, 16, 32 ports with periodicity of 5ms (for CM);
ZP CSI-RS with 5 slots period;4 RE/PRB/5 slots (for IM)



		SSB

		　

		1 SSB per 20 ms

		1 SSB per 20 ms



		TRS

		　

		2 consecutive slots per 20ms, 1 port, 50PRB

		20ms period; maximal bandwidth with 52 PRB;
burst length with 2 slots
12 RE/PRB/20ms







Table B-2-4. Assumptions and Configuration of Dense Urban-eMBB (Uplink Case)

		　Configuration A - Uplink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration



		Carrier frequency for evaluation

		1 layer (Macro) with 4 GHz

		Aligned with reference

		Aligned with reference



		BS antenna height

		25 m

		25 m

		25 m



		Total transmit power per TRxP

		44 dBm for 20 MHz bandwidth
41 dBm for 10 MHz bandwidth

		41 dBm for 10 MHz bandwidth

		41 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		20% high loss, 80% low loss

		20% high loss, 80% low loss

		20% high loss, 80% low loss



		Inter-site distance

		200 m

		200 m

		200 m 



		Number of antenna elements per TRxP

		Up to 256 Tx/Rx

		128Rx cross-polarized antenna (M,N,P,Mg,Ng) = (8,8,2,1,1)

		128Tx/Rx, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)



		Number of UE antenna elements

		Up to 8 Tx/Rx

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

		4Tx/Rx, 
(M,N,P,Mg,Ng) = (1,2,2,1,1), 



		Device deployment

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

		Aligned with reference

		Aligned with reference



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

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

		Aligned with reference

		Aligned with reference



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
Randomly and uniformly distributed over the area under Macro layer

		Aligned with reference

		Aligned with reference



		UE antenna height

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

		Aligned with reference

		Aligned with reference



		Channdel Model

		UMa_A, UMa_B

		UMa_A

		UMa_A



		Additional parameters 



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		16TXRU             (Mp,Np,P,Mg,Ng) = (1,8,2,1,1)
Vertical 1-to-8

		4TXRU, 
(Mp,Np,P,Mg,Ng) = (2,1,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

		2TXRU                (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)   (1-to-1 mapping)

		 4TXRU, 
(Mp,Np,P,Mg,Ng) = (1,2,2,1,1)



		Mechanic tilt

		　

		90deg in GCS 
(pointing to the horizontal direction)

		90deg in GCS 
(pointing to the horizontal direction)



		Electronic tilt

		　

		105deg in LCS

		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][footnoteRef:4] [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)] 




		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		SU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		SU-MIMO with rank 2/4 adaptation 

		SU-MIMO with rank adaptation



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		UE precoder scheme

		　

		Codebook based

		Codebook based



		UL CSI derivation

		　

		Non-precoded SRS based, with delay

		Non-precoded SRS based, with delay



		Power control

		　

		α= 0.6, P0 =-60 dBm

		α= 0.6, P0 =-60 dBm



		RB allocation for Power backoff model

		　

		Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

		N/A



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

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



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption　



		PUCCH

		　

		2 RBs, 14 OFDM symbols

		2 PRBs and 14 OS for the slots without SRS transmission; 
2 PRBs and 12 OS for the slots with SRS



		DMRS

		　

		Type II, 1 additional DMRS symbol, and no FDM  with PUSCH

		Type II, 2 complete symbols



		SRS

		　

		2 symbols per 5 slots,
8 RBs per symbol

		2 OFDM symbols per 5 slots







C) Rural-eMBB

Table B-2-5. Assumptions and Configuration of Rural-eMBB (Downlink Case) – Configuration A

		　Configuration A - Downlink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration　



		Carrier frequency for evaluation

		700 MHz

		700 MHz

		700 MHz



		BS antenna height

		35 m

		35 m

		35 m



		Total transmit power per TRxP

		49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		100% low loss

		100% low loss

		100% low loss 



		Inter-site distance

		1732 m

		1732 m

		1732 m



		Number of antenna elements per TRxP

		Up to 64 Tx/Rx

		64Tx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1) (dH,dV) = (0.5, 0.8)λ

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



		Number of UE antenna elements

		Up to 4 Tx/Rx

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

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



		Device deployment

		50% indoor, 50% outdoor (in-car)
Randomly and uniformly distributed over the area

		Aligned with reference

		Aligned with reference



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
500 km/h for evaluation of mobility in high-speed case

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
Randomly and uniformly distributed over the area

		Aligned with reference

		Aligned with reference



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		RMa_A, RMa_B

		RMa_A

		RMa_A



		Additional parameters 　



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		8TXRU                (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-8

		8TXRU, 
(Mp,Np,P,Mg,Ng) = (1,4,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

		 2TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
(1-to-1 mapping)

		 2TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
(1-to-1 mapping)



		Mechanic tilt

		　

		90deg in GCS (pointing to the horizontal direction)

		90deg in GCS (pointing to the horizontal direction)



		Electronic tilt

		　

		100deg in LCS 

		96deg in LCS 



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		MU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		MU-MIMO with rank 2/4 adaptation per user

		N/A



		Guard band ratio

		　

		FDD: 6.4% (for 10 MHz)

		FDD: 6.4% (for 10 MHz)



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

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



		Precoder derivation

		　

		FDD: NR Type II codebook based

		FDD: NR Type I codebook based



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption　



		PDCCH

		　

		2 OFDM symbols per slot 

		2 OFDM symbols per slot 



		DMRS

		　

		Type II, based on MU-layer (dynamic in simulation)

		Type II, with 4, 8, 12 ports



		CSI-RS

		　

		FDD: 8 ports per 5 slots

		4, 8, 16, 32 ports with periodicity of 5ms (for CM);
ZP CSI-RS with 5 slots period;4 RE/PRB/5 slots (for IM)



		SSB

		　

		1 SSB per 20 ms

		1 SSB per 20 ms



		TRS

		　

		2 consecutive slots per 20ms, 1 port, 50PRB

		20ms period; maximal bandwidth with 52 PRB;
burst length with 2 slots
12 RE/PRB/20ms







Table B-2-6. Assumptions and Configuration of Rural-eMBB (Uplink Case) – Configuration A

		　Configuration A - Uplink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration



		Carrier frequency for evaluation

		700 MHz

		700 MHz

		700 MHz



		BS antenna height

		35 m

		35 m

		35 m



		Total transmit power per TRxP

		49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		100% low loss

		100% low loss

		100% low loss 



		Inter-site distance

		1732 m

		1732 m

		1732 m



		Number of antenna elements per TRxP

		Up to 256 Tx/Rx

		64Rx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1) (dH,dV) = (0.5, 0.8)λ

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



		Number of UE antenna elements

		Up to 8 Tx/Rx

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

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



		Device deployment

		100% indoor
Randomly and uniformly distributed over the area

		50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area

		50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		100% indoor, 3 km/h

		Aligned with reference

		Aligned with reference



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area

		Aligned with reference

		Aligned with reference



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		UMa_A, UMa_B

		UMa_A

		UMa_A



		Additional parameters



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		8TXRU                     (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-8

		8TXRU, 
(Mp,Np,P,Mg,Ng) = (1,4,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

		 1TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,1,1,1)
(1-to-1 mapping)

		 2TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
(1-to-1 mapping)



		Mechanic tilt

		　

		90deg in GCS 
(pointing to the horizontal direction)

		90deg in GCS 
(pointing to the horizontal direction)



		Electronic tilt

		　

		100deg in LCS

		96deg in LCS 



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		SU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		SU-MIMO with rank 2/4 adaptation 

		SU-MIMO with rank adaptation



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

		PMI, CQI: every 5 slot; 
RI: every 5 slot;
Sub-band based



		UE precoder scheme

		　

		Codebook based

		Codebook based



		UL CSI derivation

		　

		Non-precoded SRS based, with delay

		Non-precoded SRS based, with delay



		Power control

		　

		α= 0.8, P0 =-76 dBm

		α= 0.8, P0 =-76 dBm



		RB allocation for Power backoff model

		　

		Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

		N/A



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption



		PUCCH

		　

		2 RBs, 14 OFDM symbols

		2 PRBs and 14 OS for the slots without SRS transmission; 
2 PRBs and 12 OS for the slots with SRS



		DMRS

		　

		Type II, 1 additional DMRS symbol, and no FDM  with PUSCH

		Type II, 2 complete symbols



		SRS

		　

		2 symbols per 5 slots, 
8 RBs per symbol

		2 OFDM symbols per 5 slots







Table B-2-7. Assumptions and Configuration of Rural-eMBB (Downlink Case) – Configuration B

		　Configuration B - Downlink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration　



		Carrier frequency for evaluation

		700 MHz

		4 GHz

		4 GHz



		BS antenna height

		35 m

		35 m

		35 m



		Total transmit power per TRxP

		49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		100% low loss

		100% low loss

		100% low loss 



		Inter-site distance

		1732 m

		1732 m

		1732 m



		Number of antenna elements per TRxP

		Up to 64 Tx/Rx

		128Tx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,8,2,1,1) (dH,dV) = (0.5, 0.8)λ

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



		Number of UE antenna elements

		Up to 4 Tx/Rx

		4Rx                         (M,N,P,Mg,Ng) = (1,2,2,1,1)
0°,90° polarization

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



		Device deployment

		50% indoor, 50% outdoor (in-car)
Randomly and uniformly distributed over the area

		Aligned with reference

		Aligned with reference



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;
500 km/h for evaluation of mobility in high-speed case

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
Randomly and uniformly distributed over the area

		Aligned with reference

		Aligned with reference



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		RMa_A, RMa_B

		RMa_A

		RMa_A



		Additional parameters 　



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		32TXRU, 
(Mp,Np,P,Mg,Ng) = (2,8,2,1,1)

		16TXRU, 
(Mp,Np,P,Mg,Ng) = (1,8,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

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

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



		Mechanic tilt

		　

		90deg in GCS (pointing to the horizontal direction)

		90deg in GCS (pointing to the horizontal direction)



		Electronic tilt

		　

		100deg in LCS 

		100deg in LCS 



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		MU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		MU-MIMO with rank 2/4 adaptation per user

		N/A



		Guard band ratio

		　

		FDD: 6.4% (for 10 MHz)

		FDD: 6.4% (for 10 MHz)



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

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



		Precoder derivation

		　

		FDD: NR Type II codebook based

		FDD: NR Type I codebook based



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption　



		PDCCH

		　

		2 OFDM symbols per slot 

		2 OFDM symbols per slot 



		DMRS

		　

		Type II, based on MU-layer (dynamic in simulation)

		Type II, with 4, 8, 12 ports



		CSI-RS

		　

		FDD: 8 ports per 5 slots

		4, 8, 16, 32 ports with periodicity of 5ms (for CM);
ZP CSI-RS with 5 slots period;4 RE/PRB/5 slots (for IM)



		SSB

		　

		1 SSB per 20 ms

		1 SSB per 20 ms



		TRS

		　

		2 consecutive slots per 20ms, 1 port, 50PRB

		20ms period; maximal bandwidth with 52 PRB;
burst length with 2 slots
12 RE/PRB/20ms







Table B-2-8. Assumptions and Configuration of Rural-eMBB (Uplink Case) – Configuration B

		Configuration B - Uplink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration

		　

		　



		Carrier frequency for evaluation

		700 MHz

		4 GHz

		4 GHz



		BS antenna height

		35 m

		35 m

		35 m



		Total transmit power per TRxP

		49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		100% low loss

		100% low loss

		100% low loss 



		Inter-site distance

		1732 m

		1732 m

		1732 m



		Number of antenna elements per TRxP

		Up to 256 Tx/Rx

		128Rx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,8,2,1,1) (dH,dV) = (0.5, 0.8)λ

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



		Number of UE antenna elements

		Up to 8 Tx/Rx

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

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



		Device deployment

		50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area

		Aligned with reference

		Aligned with reference



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		100% indoor, 3 km/h

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

		Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area

		Aligned with reference

		Aligned with reference



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		UMa_A, UMa_B

		UMa_A

		UMa_A



		Additional parameters 　



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		32TXRU                     (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
Vertical 1-to-4

		16TXRU, 
(Mp,Np,P,Mg,Ng) = (1,8,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

		 1TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,1,1,1)
(1-to-1 mapping)

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



		Mechanic tilt

		　

		90deg in GCS 
(pointing to the horizontal direction)

		90deg in GCS 
(pointing to the horizontal direction)



		Electronic tilt

		　

		100deg in LCS

		100deg in LCS 



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		SU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		SU-MIMO with rank 2/4 adaptation 

		SU-MIMO with rank adaptation



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

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



		UE precoder scheme

		　

		Codebook based

		Codebook based



		UL CSI derivation

		　

		Non-precoded SRS based, with delay

		Non-precoded SRS based, with delay



		Power control

		　

		α= 0.6, P0 =-70 dBm

		α= 0.6, P0 =-60 dBm



		RB allocation for Power backoff model

		　

		Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

		N/A



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption　



		PUCCH

		　

		2 RBs, 14 OFDM symbols

		2 PRBs and 14 OS for the slots without SRS transmission; 
2 PRBs and 12 OS for the slots with SRS



		DMRS

		　

		Type II, 1 additional DMRS symbol, and no FDM  with PUSCH

		Type II, 2 complete symbols



		SRS

		　

		2 symbols per 5 slots, 
8 RBs per symbol

		2 OFDM symbols per 5 slots







Table B-2-9. Assumptions and Configuration of Rural-eMBB (Downlink Case) – Configuration C

		　Configuration C - Downlink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration

		　

		　



		Carrier frequency for evaluation

		700 MHz

		700 MHz

		700 MHz



		BS antenna height

		35 m

		35 m

		35 m



		Total transmit power per TRxP

		49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		100% low loss

		100% low loss

		100% low loss 



		Inter-site distance

		6000 m

		6000 m

		6000 m



		Number of antenna elements per TRxP

		Up to 64 Tx/Rx

		64Tx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1) (dH,dV) = (0.5, 0.8)λ

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



		Number of UE antenna elements

		Up to 4 Tx/Rx

		4Rx                          (M,N,P,Mg,Ng) = (1,2,2,1,1)
0°,90° polarization

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



		Device deployment

		40% indoor,

40% outdoor (pedestrian), 20% outdoor (in-car)

Randomly and uniformly distributed over the area

		Aligned with reference

		Aligned with reference



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		Indoor users: 3 km/h;

Outdoor users (pedestrian): 3 km/h;

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

		Aligned with reference

		Aligned with reference



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
Randomly and uniformly distributed over the area

		Aligned with reference

		Aligned with reference



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		RMa_A, RMa_B

		RMa_A

		RMa_A



		Additional parameters 　



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		8TXRU                 (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-8

		8TXRU, 
(Mp,Np,P,Mg,Ng) = (1,4,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

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

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



		Mechanic tilt

		　

		90deg in GCS (pointing to the horizontal direction)

		90deg in GCS (pointing to the horizontal direction)



		Electronic tilt

		　

		92deg in LCS 

		96deg in LCS 



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		MU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		MU-MIMO with rank 2/4 adaptation per user

		N/A



		Guard band ratio

		　

		FDD: 6.4% (for 10 MHz)

		FDD: 6.4% (for 10 MHz)



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

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



		Precoder derivation

		　

		FDD: NR Type II codebook based

		FDD: NR Type I codebook based



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption　



		PDCCH

		　

		2 complete symbols

		2 OFDM symbols per slot 



		DMRS

		　

		Type II, based on MU-layer (dynamic in simulation)

		Type II, with 4, 8, 12 ports



		CSI-RS

		　

		FDD: 8 ports per 5 slots

		4, 8, 16, 32 ports with periodicity of 5ms (for CM);
ZP CSI-RS with 5 slots period;4 RE/PRB/5 slots (for IM)



		SSB

		　

		1 SSB per 20 ms

		1 SSB per 20 ms



		TRS

		　

		2 consecutive slots per 20ms, 1 port, 50PRB

		20ms period; maximal bandwidth with 52 PRB;
burst length with 2 slots
12 RE/PRB/20ms







Table B-2-10. Assumptions and Configuration of Rural-eMBB (Uplink Case) – Configuration C

		　　Configuration C - Uplink



		　

		ITU-R M.2412

		MEDIATEK

		ITRI



		Baseline configuration



		Carrier frequency for evaluation

		700 MHz

		700 MHz

		700 MHz



		BS antenna height

		35 m

		35 m

		35 m



		Total transmit power per TRxP

		49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth

		46 dBm for 10 MHz bandwidth



		UE power class

		23 dBm

		23 dBm

		23 dBm



		Percentage of high loss and low loss building type

		100% low loss

		100% low loss

		100% low loss 



		Inter-site distance

		6000 m

		6000 m

		6000 m



		Number of antenna elements per TRxP

		Up to 256 Tx/Rx

		64Rx cross-polarized antenna 
(M,N,P,Mg,Ng) = (8,4,2,1,1)    (dH,dV) = (0.5, 0.8)λ

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



		Number of UE antenna elements

		Up to 8 Tx/Rx

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

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



		Device deployment

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

		Aligned with reference

		Aligned with reference



		UE mobility model

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

		Aligned with reference

		Aligned with reference



		UE speeds of interest

		Indoor users: 3 km/h;

Outdoor users (pedestrian): 3 km/h;

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

		Aligned with reference

		Aligned with reference



		Inter-site interference modeling

		Explicitly modelled

		Explicitly modelled

		Explicitly modelled



		BS noise figure

		5 dB

		5 dB

		5 dB



		UE noise figure

		7 dB

		7 dB

		7 dB



		BS antenna element gain

		8 dBi

		8 dBi

		8 dBi



		UE antenna element gain

		0 dBi

		0 dBi

		0 dBi



		Thermal noise level

		‒174 dBm/Hz

		‒174 dBm/Hz

		‒174 dBm/Hz



		Traffic model

		Full buffer

		Full buffer

		Full buffer



		Simulation bandwidth

		20 MHz for TDD, 
10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD

		10 MHz+10 MHz for FDD



		UE density

		10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area

		Aligned with reference

		Aligned with reference



		UE antenna height

		1.5 m

		1.5 m

		1.5 m



		Channdel Model

		UMa_A, UMa_B

		UMa_A

		UMa_A



		Additional parameters 



		Subcarrier spacing

		　

		15 kHz

		15 kHz



		Symbols number per slot

		　

		14

		14



		Number of TXRU per TRxP

		　

		8TXRU                     (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
Vertical 1-to-4

		8TXRU, 
(Mp,Np,P,Mg,Ng) = (1,4,2,1,1)



		TRxP number per site

		　

		3

		3



		Number of TXRU per UE

		　

		 1TXRU, 
(Mp,Np,P,Mg,Ng) = (1,1,1,1,1)
(1-to-1 mapping)

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



		Mechanic tilt

		　

		90deg in GCS 
(pointing to the horizontal direction)

		90deg in GCS 
(pointing to the horizontal direction)



		Electronic tilt

		　

		92deg in LCS 

		96deg in LCS 



		UT attachment

		　

		Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

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



		Scheduling

		　

		SU-PF

		SU-PF



		ACK/NACK delay

		　

		Next available UL slot

		Next available UL slot



		MIMO mode

		　

		SU-MIMO with rank 2/4 adaptation 

		SU-MIMO with rank adaptation 



		BS receiver type

		　

		MMSE-IRC

		MMSE-IRC



		CSI feedback

		　

		5 slots period based on CSI-RS with delay

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



		UE precoder scheme

		　

		Codebook based

		Codebook based



		UL CSI derivation

		　

		Non-precoded SRS based, with delay

		Non-precoded SRS based, with delay



		Power control

		　

		α= 0.8, P0 =-76 dBm

		α= 0.8, P0 =-76 dBm



		RB allocation for Power backoff model

		　

		Continuous: follow TS 38.101;
Non-continuous: additional 2 RB reduction

		N/A



		Channel estimation

		　

		Non-ideal

		Non-ideal



		Waveform

		　

		OFDM

		OFDM



		Wrapping around method

		　

		Geographical distance based wrapping

		Geographical distance based wrapping



		Polarized antenna model

		　

		Model-2 (TR36.873)

		Model-2 (TR36.873)



		Modulation

		　

		Up to 256QAM

		Up to 256 QAM



		Overhead Assumption　



		PUCCH

		　

		2 RBs, 14 OFDM symbols

		2 PRBs and 14 OS for the slots without SRS transmission; 
2 PRBs and 12 OS for the slots with SRS



		DMRS

		　

		Type II, 1 additional DMRS symbol, and no FDM  with PUSCH

		Type II, 2 complete symbols



		SRS

		　

		2 symbols per 5 slots, 
8 RBs per symbol

		2 OFDM symbols per 5 slots







B-3 	System Level Simulator Calibration

ITRI has developed a system level simulator (SLS) named “WiSE” to evaluate the metrics that need SLS simulation results such as 5th percentile user spectral efficiency, Average Spectral Efficiency, Mobility and Reliability. WiSE simulator has been calibrated via Self evaluation calibration and the results are well aligned with other 3GPP companies. Part of the calibration results are shown in figure B-3-1. The detailed simulation results can be found in Annex A. Currently, WiSE is equipped with NR R15 functions and has finished the eMBB initial evaluation. For interested companies, the free trial version of WiSE simulator can also be downloaded from https://www.commresearch.com.tw/ .

Note that the calibration results of MEDIATEK are also aligned with 3GPP companies, and included in the curves of 3GPP RAN1 Members.

[image: InH_ConfigA_12TRxP_ModelA_CL] [image: InH_ConfigA_12TRxP_ModelA_SINR]

Figure B-3-1: CDF of coupling loss and geometry for Indoor Hotspot-eMBB Config A 12TRxP Model A






B-4	Adoption of different MIMO modes 

Two MIMO modes, MU-MIMO and SU-MIMO, are considered in the evaluation of NR UL spectral efficiency. The rank that a UE can use on a single resource element is eventually bounded by the number of receiver antenna ports. If multiple UEs can be paired on the same resource element in terms of better spectral efficiency, the overall ranks gathered from these paired UEs will reveal better resource utilization and typically result in higher spectral efficiency. However, the paired multiple UEs do not decrease their UL transmitting power, and the increased inter-cell interference may cause more performance losses that dominate the benefits from better resource utilization. The observations of using SU-MIMO and MU-MIMO will be described in Annex A.
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