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Part I
Administrative aspects of 5G Infrastructure Association
[bookmark: _Toc31943686][bookmark: _Toc31944246]I-1	Name of the Independent Evaluation Group
The Independent Evaluation Group is called 5G Infrastructure Association.
[bookmark: _Toc31943687][bookmark: _Toc31944247]I-2	Introduction and background of 5G Infrastructure Association
The 5G Infrastructure Association Independent Evaluation Group was launched by the 5G Infrastructure Association as part of 5G Public Private Partnership (5G PPP) in October 2016 by registration at ITU-R.
The 5G Public Private Partnership (5G PPP) is a sub-research program in Horizon 2020 of the European Commission. 5G Infrastructure Association is representing the private side in 5G PPP and the EU Commission the public side. The Association was founded end of 2013. The Contractual Arrangement on 5G PPP was signed by the EU Commission and representatives of 5G Infrastructure Association in December 2013. 5G PPP is structured in three program phases.
•	In Phase 1 from July 1, 2015 to 2017 19 projects researched the basic concepts of 5G systems in all relevant areas and contributed to international standardization (https://5g-ppp.eu/5g-ppp-phase-1-projects/).
•	Phase 2 started on June 1, 2017 with 23 projects (https://5g-ppp.eu/5g-ppp-phase-2-projects/). The focus of Phase 2 is on the optimization of the system and the preparation of trials.
•	The Phase 3 is implemented with 14 projects (https://5g-ppp.eu/5g-ppp-phase-3-projects/)
º	Part 1: 3 Infrastructure Projects,
º	Part 2: 3 Automotive Projects and
º	Part 3: 8 Advanced 5G validation trials across multiple vertical industries. This phase is addressing the development of trial platforms especially with vertical industries, large scale trials, cooperative, connected and automated mobility, 5G long term evolution as well as international cooperation.
In each phase around 200 organizations are cooperating in the established projects.
The main key challenges of the 5G PPP Program are to deliver solutions, architectures, technologies and standards for the ubiquitous 5G communication infrastructures of the next decade:
•	Providing 1000 times higher wireless area capacity and more varied service capabilities compared to 2010.
•	Saving up to 90 % of energy per service provided. The main focus will be in mobile communication networks where the dominating energy consumption comes from the radio access network.
•	Reducing the average service creation time cycle from 90 hours to 90 minutes.
•	Creating a secure, reliable and dependable Internet with a “zero perceived” downtime for services provision.
•	Facilitating very dense deployments of wireless communication links to connect over 7 trillion wireless devices serving over 7 billion people.
•	Enabling advanced User controlled privacy.
The Independent Evaluation Group is currently supported by the following 5G PPP Phase 2 projects:
•	5G Essence,
•	5G MoNArch,
•	5G Xcast,
•	One 5G and
•	To-Euro-5G CSA
and the 5G PPP Phase 3 projects
•	5G Genesis,
•	5G Solutions,
•	5G Tours,
•	5G VINNI,
•	Clear5G,
•	Full5G CSA,
•	Global5G.org CSA
and the 5G Infrastructure Association members
•	Huawei,
•	Intel,
•	Nokia,
•	Telenor,
•	Turkcell and
•	ZTE Wistron Telecom AB
This Evaluation Group is evaluating some of all 16 evaluation characteristics according to Table 2 by means of analytical, inspection and simulation activities in order to perform a full evaluation. For simulation purposes simulators at different Evaluation Group member are used, where different evaluation characteristics are mapped to different simulators. Simulators are being calibrated where needed in order to provide comparable results. Calibration results and the calibration approach are published (c.f. Section I-6) in order to provide this information to the other Independent Evaluation Groups to support the consensus building process in ITU-R WP 5D.
[bookmark: _Toc31943688][bookmark: _Toc31944248]I-3	Method of work
The 5G Infrastructure Association Evaluation Group is organized as Working Group in 5G PPP under the umbrella of the 5G Infrastructure Association. Evaluation activities are executed according to a commonly agreed plan and conducted work through e.g.:
•	Physical meetings and frequent telephone conferences where the activities are planned and where action items are given and followed up.
•	Frequent email and telephone discussions among partners on detailed issues on an ad-hoc basis.
•	File sharing on the web.
•	Participation in the ITU-R Correspondence Group dedicated to the IMT-Advanced evaluation topics.
In addition, the Evaluation Group participated in a workshop organized by 3GPP on October 24 and 25, 2018 in Brussels and the ITU-R WP 5D Evaluation Workshop on December 10 and 11, 2019 in Geneva at the 33rd meeting of Working Party 5D. In that workshop the Evaluation Group presented the work method, work plan, channel model calibration status, baseline system calibration assumptions, and available evaluation results.
At and after the ITU-R workshop the Evaluation Group communicated with other Evaluation Groups as well regarding calibration and is making material openly available.
Open issues in the system description were discussed and clarified with TSDSI.
Public information on the calibration work is available at the home page listed in Section I-6.
The assessment of the proponent submission and self-evaluation has been made by analytical, inspection and simulation methods as required in Reports ITU-R M.2410-0 [1], M.2411-0 [2] and M.2412-0 [3], see Table 2 in M.2412-0 [3] in Section 6 for details.
[bookmark: _Toc31943689][bookmark: _Toc31944249]I-4	Administrative contact details
Dr Werner Mohr, Working Group chair
[bookmark: _Toc31943209][bookmark: _Toc31943690][bookmark: _Toc31944010][bookmark: _Toc31944250]Email: werner.mohr@nokia.com
[bookmark: _Toc31943691][bookmark: _Toc31944251]I-5	Technical contact details
Members of the Evaluation Group:
	Hakan Batıkhan
	Turkcell
	hakan.batikhan@turkcell.com.tr

	Ioannis-Prodromos Belikaidis
	WINGS ICT Solutions
	iobelika@wings-ict-solutions.eu

	Ömer Bulakci
	Huawei
	Oemer.Bulakci@huawei.com

	Jose Luis Carcel
	Universitat Politecnica de Valencia
	jocarcer@iteam.upv.es

	Yang Changqing
	Huawei
	changqing.yang@huawei.com

	Marcos Rates Crippa
	University of Kaiserslautern
	crippa@eit.uni-kl.de

	Panagiotis Demestichas
	WINGS ICT Solutions
	pdemest@wings-ict-solutions.eu

	Salih Ergut
	Turkcell
	salih.ergut@turkcell.com.tr

	Manuel Fuentes
	Universitat Politecnica de Valencia
	mafuemue@iteam.upv.es

	Eduardo Garro
	Universitat Politecnica de Valencia
	edgarcre@iteam.upv.es

	Andreas Georgakopoulos
	WINGS ICT Solutions
	andgeorg@wings-ict-solutions.eu

	Ioannis Giannoulakis
	National Centre for Scientific Research Demokritos
	giannoul@iit.demokritos.gr

	Athanasios (Thanos) Gkiolias
	WINGS ICT Solutions
	agkiolias@wings-ict-solutions.eu

	David Gomez-Barquero
	Universitat Politecnica de Valencia
	dagobar@iteam.upv.es

	Marco Gramaglia
	UC3M
	mgramagl@it.uc3m.es

	Ole Grondalen
	Telenor
	ole.grondalen@telenor.com

	Nazli Guney
	Turkcell
	nazli.guney@turkcell.com.tr

	Marie-Helene Hamon
	Orange
	mhelene.hamon@orange.com

	Ahmet Kaplan
	Turkcell
	ahmet.kaplan@turkcell.com.tr

	Cemil Karakus
	Turkcell
	cemil.karakus@turkcell.com.tr

	Evangelos Kosmatos
	WINGS ICT Solutions
	vkosmatos@wings-ict-solutions.eu

	Anastasios Kourtis
	National Centre for Scientific Research Demokritos
	kourtis@iit.demokritos.gr

	Fotis Lazarakis
	National Centre for Scientific Research Demokritos
	flaz@iit.demokritos.gr

	Ji Lianghai
	University of Kaiserslautern
	ji@eit.uni-kl.de

	Hans-Peter Mayer
	Nokia
	hans-peter.mayer.ext@nokia-bell-labs.com

	Werner Mohr
	Nokia
	werner.mohr@nokia.com

	Volker Pauli
	Nomor
	pauli@nomor.de

	Athul Prasad
	Nokia Bell-Labs
	athul.prasad@nokia-bell-labs.com

	Christoph Schmelz
	Nokia
	christoph.schmelz@nokia-bell-labs.com

	Hans Schotten
	DFKI/University of Kaiserslautern
	schotten@eit.uni-kl.de

	Egon Schulz
	Huawei
	egon.schulz@huawei.com

	Vera Stravroulaki
	WINGS ICT Solutions
	veras@wings-ict-solutions.eu

	Ingo Viering
	Nomor
	viering@nomor.de

	Shangbin Wu
	Samsung
	shangbin.wu@samsung.com

	Shao Jiafeng
	Huawei
	shaojiafeng@huawei.com 

	Wu Yong
	Huawei
	wuyong@huawei.com

	Xi Meng
	ZTE Wistron Telecom AB
	meng.xi@zte.com.cn 

	Yu Jian
	Huawei
	jason.yujian@huawei.com


[bookmark: _Toc31943692][bookmark: _Toc31944252]I-6	Other pertinent administrative information
5G Infrastructure Association and 5G PPP homepage: 
https://5g-ppp.eu/5g-ppp-imt-2020-evaluation-group/ 
This homepage contains public information about e.g. calibration work that the 5G Infrastructure Association has performed in order to ensure reliable simulation results as well as the Final Evaluation Report (after it will become available in February 2020).
Since this Evaluation Report focuses on TSDSI RIT, considering the specific calibration results for 3GPP can be used again to demonstrate this Evaluation Report is valid, calibration files can be found in the following documents:
· System-level calibration results:
· White paper with description of calibration activities:
· Matlab calibration files


	
· Link-level calibration results:


[bookmark: _Toc31943693][bookmark: _Toc31944253]I-7	Structure of this Report
This Report consists of 3 Parts:
· Part I: Administrative Aspects of 5G Infrastructure Association
· Part II: Technical Aspects of the work in 5G Infrastructure Association
· Part III: Conclusion
The report is structured according to the proposed structure in [5].
[bookmark: _Toc31943694][bookmark: _Toc31944254]Part II

Technical aspects of the work in 5G Infrastructure Association
[bookmark: _Toc31943695][bookmark: _Toc31944255]II-A	What candidate technologies or portions of the candidate technologies this IEG is or might anticipate evaluating?
In this report, final results are presented for the RIT proposals in [4] with a focus on the TDSSI submission to ITU-R by means of analytical, inspection and simulation evaluation. The complete simulation evaluations will be provided in the final evaluation report. Table 1 shows the evaluated proposals.
table 1
[bookmark: _Ref27917461][bookmark: _Toc31943215][bookmark: _Toc31943696][bookmark: _Toc31944256]Evaluated technology proposals
	Nufront
	China
	Korea
	ETSI TC DECT
DECT Forum
	Nufront
	TSDSI

	SRIT
	RIT
	
	
	5G NR RIT
	DECT2020
	
	

	-
	-
	-
	-
	-
	-
	-
	



[bookmark: _Toc31943216]Table 2 is summarizing the different evaluation characteristics.
table 2
Summary of evaluation methodologies
	Characteristic for evaluation
	High-level assessment method
	Evaluation methodology in ITU-R Report M.2412-0
	Related section of Reports
ITU-R M.2410-0 and ITU-R M.2411-0

	Peak data rate
	Analytical
	§ 7.2.2
	Report ITU-R M.2410-0, § 4.1

	Peak spectral efficiency
	Analytical
	§ 7.2.1
	Report ITU-R M.2410-0, § 4.2

	User experienced data rate
	Analytical for single band and single layer;
Simulation for multi-layer 
	§ 7.2.3
	Report ITU-R M.2410-0, § 4.3

	5th percentile user spectral efficiency
	Simulation
	§ 7.1.2
	Report ITU-R M.2410-0, § 4.4

	Average spectral efficiency
	Simulation 
	§ 7.1.1
	Report ITU-R M.2410-0, § 4.5

	Area traffic capacity
	Analytical
	§ 7.2.4
	Report ITU-R M.2410-0, § 4.6

	User plane latency
	Analytical
	§ 7.2.6
	Report ITU-R M.2410-0, § 4.7.1

	Control plane latency
	Analytical
	§ 7.2.5
	Report ITU-R M.2410-0, § 4.7.2

	Connection density
	Simulation
	§ 7.1.3
	Report ITU-R M.2410-0, § 4.8

	Energy efficiency
	Inspection
	§ 7.3.2
	Report ITU-R M.2410-0, § 4.9

	Reliability
	Simulation
	§ 7.1.5
	Report ITU-R M.2410-0, § 4.10

	Mobility
	Simulation
	§ 7.1.4
	Report ITU-R M.2410-0, § 4.11

	Mobility interruption time
	Analytical
	§ 7.2.7
	Report ITU-R M.2410-0, § 4.12

	Bandwidth
	Inspection
	§ 7.3.1
	Report ITU-R M.2410-0, § 4.13

	Support of wide range of services
	Inspection
	§ 7.3.3
	Report ITU-R M.2411-0, § 3.1

	Supported spectrum band(s)/range(s)
	Inspection
	§ 7.3.4
	Report ITU-R M.2411-0, § 3.2



[bookmark: _Toc31943698][bookmark: _Toc31944258]II-B	Confirmation of utilization of the ITU-R evaluation guidelines in Report ITUR M.2412
5G Infrastructure Association confirms that the evaluation guidelines provided in Report ITU-R M.2412-0 [3] have been utilized.
[bookmark: _Toc31943699][bookmark: _Toc31944259]II-C	Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines
The following additional evaluation methodologies have been applied by this Evaluation Group:
•	Updating of already available link-level and system-level simulators according to the submitted RITs as well as to ITU-R requirements
•	These link-level and system-level simulators have been calibrated with respect to externally available results.
[bookmark: _Toc31943700][bookmark: _Toc31944260]II-D	Verification as per Report ITU-R M.2411 of the compliance templates and the self-evaluation for each candidate technology as indicated in A)
The evaluation template is completed in Section III-2. There is little gain for the TSDSI of component RIT compared to 3GPP NR.
[bookmark: _Toc31943701][bookmark: _Toc31944261]II-D-1	Identify gaps/deficiencies in submitted material and/or self-evaluation
There were obvious gaps and deficiencies identified in the submission of TSDSI.
[bookmark: _Toc31943702][bookmark: _Toc31944262]II-E	Assessment as per Reports ITU-R M.2410, ITU-R M.2411 and 
ITU-R M.2412 for each candidate technology as indicated in A)
In the following Sections details are provided on
•	Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2411 section 5.2.4;
•	Provide any additional comments in the templates along with supporting documentation for such comments;
•	Analysis of the proponent’s self-evaluation by the IEG.
[bookmark: _Toc31943703][bookmark: _Toc31944263]Analytical, inspection evaluation and simulation-based evaluation

[bookmark: _Toc31943704][bookmark: _Toc31944264]II-E-1	5th percentile user spectral efficiency
The ITU-R minimum requirements on 5th percentile user spectral efficiency are given in [1]. The following requirements and remarks are extracted from [1].
[bookmark: _Ref536805365]Table 1 
5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Indoor Hotspot – eMBB
	0.3
	0.21

	Dense Urban – eMBB (NOTE 1)
	0.225
	0.15

	Rural – eMBB
	0.12
	0.045

	NOTE 1 – This requirement will be evaluated under Macro TRxP layer of Dense Urban – eMBB test environment as described in Report ITU-R M.2412-0.



The performance requirement for Rural-eMBB is not applicable to Rural-eMBB LMLC (low mobility large cell) which is one of the evaluation configurations under the Rural- eMBB test environment. 
The conditions for evaluation including carrier frequency and antenna configuration are described in Report ITU-R M.2412-0 for each test environment.
The 5th percentile user spectral efficiency (SE) is evaluated by system level simulations. Furthermore, as required in [3], the 5th percentile user spectral efficiency is assessed jointly with the average spectral efficiency using the same simulations. Therefore, the evaluation results of the 5th percentile user spectral efficiency are provided together with average spectral efficiency values in Section II-E.2.
[bookmark: _Toc31943705][bookmark: _Toc31944265][bookmark: _Ref32055020]Average spectral efficiency
The ITU-R minimum requirements on average spectral efficiency are given in [1]. The following requirements and remarks are extracted from [1]:
This requirement is defined for the purpose of evaluation in the eMBB usage scenario.
The minimum requirements for average spectral efficiency for various test environments are summarized in Table 2.
[bookmark: _Ref536805366]Table 2 
Average spectral efficiency
	Test environment
	Downlink
(bit/s/Hz/TRxP)
	Uplink
(bit/s/Hz/TRxP)

	Indoor Hotspot – eMBB
	9
	6.75

	Dense Urban – eMBB (Note 1)
	7.8
	5.4

	Rural – eMBB
	3.3
	1.6

	NOTE 1 – This requirement applies to Macro TRxP layer of the Dense Urban – eMBB test environment as described in Report ITU-R M.2412-0.



The performance requirement for Rural-eMBB is also applicable to Rural-eMBB LMLC which is one of the evaluation configurations under the Rural- eMBB test environment. The details (e.g. 6 km inter-site distance) can be found in Report ITUR M.2412-0. 
The conditions for evaluation including carrier frequency and antenna configuration are described in Report ITU-R M.2412-0 for each test environment.

II-E.2.1. [bookmark: _Toc31943706][bookmark: _Toc31944266]Technical features for TSDSI
According to RIT proposals in [4], the new technology features differing from 3GPP are summarized as follow. It should be noted that if these features are not applied, the evaluation results would be the same as that submitted by 3GPP.
–	Feature 1: The configuration of resource block group (RBG) size is not determined by bandwidth part size (BWP) size. For 3GPP specification [6], the RBG size is determined by BWP size
–	Feature 2: Shorter processing time between NZP-CSI-RS and aperiodic SRS is supported, as defined in Table 3. For 3GPP specification [6], the delay is 42 symbols.
Table 3
[bookmark: _Ref31795310][bookmark: _Toc31943227][bookmark: _Toc31943707][bookmark: _Toc31944267]The delay configuration for SRS precoding
	μ (Numerology)
	Delay in number of OFDM symbols

	0
	4

	1
	7

	2
	14

	3
	29



–	Feature 3: Mandating pi/2 BPSK with spectrum shaping filter and mandating 26 dBm for Pi/2 BPSK. Configurable Tx power for DMRS and data when Pi/2 BPSK is used.
–	Feature 4: Provide additional phase tracking reference signal (PTRS) density determination.
In the following sub-sections, the potential performance gain for the above technical features except PTRS enhancement will be evaluated. In sub-6 GHz, PTRS is usually not configured. All PRTS density configurations allowed by TSDSI are also allowed by 3GPP specification, thus no PTRS overhead saving can be achieved by TSDSI compared to 3GPP.
The performance of RBG size configuration and fast SRS precoding is evaluated in Dense Urban – eMBB test environment. For the transmission power enhancement with pi/2 BPSK, the performance is evaluated in Rural – eMBB test environment, to identify the gain for coverage enhancement. The test environments and evaluation configuration parameters are described in [3]. Further evaluation assumptions can be found in Annex A.

II-E.2.2. [bookmark: _Toc31943708][bookmark: _Toc31944268]Dense Urban – eMBB
Configuration A (carrier frequency of 4 GHz) and channel model A defined in [3] are applied for the Dense Urban – eMBB test environment.
In the evaluation, the simulation bandwidth is assumed to be 20 MHz. For 3GPP NR, the RBG size depending on the bandwidth part size (i.e. 20MHz in the evaluation) can be 4 or 8 PRBs [6]. For TSDSI, the configuration of RBG size is decoupled by bandwidth part size. In the evaluation, the RBG size is set to 16 PRBs. The downlink evaluation results for different RBG size are provided in Table 4. The overhead of control channel for large RBG size is lower than that of small RBG size. However, the performance of average and 5%-tile spectral efficiency is degraded due to the decline of frequency-selective gain.
table 4
[bookmark: _Ref31796654][bookmark: _Toc31943229][bookmark: _Toc31943709][bookmark: _Toc31944269]Downlink spectral efficiency for TSDSI in Dense Urban – eMBB

	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	RBG size
	RIT
	ITU
Requirement
	20 MHz bandwidth

	32x4 adaptive SU/MU -MIMO
	30 kHz
	DDDSU
	4
	3GPP NR
	Average [bit/s/Hz/TRxP]
	7.8
	12.66

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.37

	32x4 adaptive SU/MU -MIMO
	30 kHz
	DDDSU
	8
	3GPP NR
	Average [bit/s/Hz/TRxP]
	7.8
	11.9

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.35

	32x4 adaptive SU/MU -MIMO
	30 kHz
	DDDSU
	16
	TSDSI
	Average [bit/s/Hz/TRxP]
	7.8
	11.15

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.225
	0.34



It is observed that the downlink average and 5%-tile spectral efficiency is declined when the RBG size configuration for TSDSI is used. 
Similar to downlink evaluation, the uplink evaluation results for different RBG size are provided in Table 5.
TABLE 5
Uplink spectral efficiency for TSDSI in Dense Urban – eMBB
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	RBG size
	RIT
	ITU
Requirement
	20 MHz bandwidth

	2x32 SU-MIMO
	30 kHz
	DDDSU
	4
	3GPP NR
	Average [bit/s/Hz/TRxP]
	5.4
	6.94

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.15
	0.34

	2x32 SU-MIMO
	30 kHz
	DDDSU
	8
	3GPP NR
	Average [bit/s/Hz/TRxP]
	5.4
	6.53

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.15
	0.33

	2x32 SU-MIMO
	30 kHz
	DDDSU
	16
	TSDSI
	Average [bit/s/Hz/TRxP]
	5.4
	5.98

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.15
	0.29



It is observed that the uplink average and 5%-tile spectral efficiency is declined when the RBG size configuration for TSDSI is used. 
For precoded SRS transmission, the delay between CSI-RS measurement and precoded SRS transmission is defined as 42 OFDM symbols for 3GPP NR. For TSDSI, shorter processing delay between CSI-RS measurement and precoded SRS transmission is supported for uplink non-codebook transmission in TDD mode. The performance enhancement comes from the accurate precoder applied for PUSCH transmission. However, the delay between CSI-RS measurement and PUSCH transmission not only depends on the transmission time of precoded SRS but also depends on the transmission time of PUSCH. In the following, the impacts of delay on CSI-RS measurement, precoded SRS transmission, and PUSCH transmission are analyzed in Figure 1.
In Figure 1, the frame structure ‘DDDSU’ is applied for the analysis and the scheduling delay is assumed to be one slot (including 14 OFDM symbols for one slot). In Figure 1-(a), the CSI-RS is transmitted in slot 2 and the precoded SRS can be transmitted in slot 3 or slot 4. One or 2 slots delay exist between CSI-RS measurement and precoded SRS transmission. Due to the scheduling delay and uplink grant transmission, the following PUSCH cannot use the channel state information derived from the precoded SRS in slot 3. As a result, the PUSCH transmission in slot 9 would use the precoder measured in slot 2. 3 slots delay between CSI-RS measurement and precoded SRS transmission is assumed in Figure 1-(b). The PUSCH transmission in slot 9 would use the precoder measured in slot 1. It can be observed that the total delay between CSI-RS measurement and the corresponding PUSCH transmission is much larger than that of SRS precoding delay. The performance is limited by the total delay rather than the SRS precoding delay.
FIGURE 1
[bookmark: _Ref31748315]Delay analysis for CSI-RS measurement, precoded SRS and PUSCH transmission.
[image: C:\Users\y00369913\AppData\Roaming\eSpace_Desktop\UserData\y00369913\imagefiles\56DB4A18-241F-4195-A8B7-F752173F1A8E.png]
(a) 1 or 2 slots delay between CSI-RS measurement and precoded SRS transmission
[image: C:\Users\y00369913\AppData\Roaming\eSpace_Desktop\UserData\y00369913\imagefiles\85811611-BEA4-4B8A-A9E7-15B49FFEB227.png]
(b) 3 slots delay between CSI-RS measurement and precoded SRS transmission
The evaluation results are provided in Table 6. It can be observed that there is little impact on spectral efficiency for the delay reduction of precoded SRS.  Although the delay between CSI-RS measurement and precoded SRS transmission is reduced, the delay between CSI-RS measurement and PUSCH transmission is also very large. The delay analysis can be found in Figure 1. Additionally, only the wideband precoder for SRS is supported by 3GPP NR and TSDSI. The channel for wideband changes slowly so that the performance is not sensitive to delay reduction.
TABLE 6
UL spectral efficiency for fast SRS precoding (TSDSI) in Dense Urban – eMBB
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	Delay for SRS precoding
	RIT
	ITU
Requirement
	20MHz bandwidth

	2x8 SU-MIMO
	30
	DDDSU
	1 or 2 slots
	TSDSI
	Average [bit/s/Hz/TRxP]
	5.4
	7.038

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.15
	0.42

	2x8 SU-MIMO
	30
	DDDSU
	3 slots
	3GPP NR
	Average [bit/s/Hz/TRxP]
	5.4
	7.036

	
	
	
	
	
	5th-tile [bit/s/Hz]
	0.15
	0.418



Based on the above analysis and the evaluation results, it is observed that there is little impact on spectral efficiency improvement for the delay reduction of precoded SRS. 
[bookmark: _Toc31943712][bookmark: _Toc31944272]II-E.2.3	Rural – eMBB
For TSDSI, pi/2 BPSK with spectrum shaping filter through non-transparent approach is introduced to improve the coverage in Rural scenario, especially for the coverage of long distance. In [4], the inter-site distance (ISD) is set to 12 km for pi/2 BPSK evaluation. But the largest inter-site distance is 6 km defined in Rural – eMBB test environment [3]. To identify the performance gain of pi/2 BPSK, the Rural configuration C – eMBB test environment with 6 km is evaluated. For the coverage of long distance, the configuration C with changed inter-site distance and carrier frequency (CF) is applied for the evaluation.
In the evaluation, the maximal transmit power for UE can achieve 26 dBm if pi/2 BPSK is enabled. Otherwise, the maximal transmit power is up to 23 dBm.
The uplink evaluation results for evaluation configuration C are provided in Table 7. For ISD = 6 km, the 5%-tile spectral efficiency can meet the requirements with and without pi/2 BPSK. The performance gain for pi/2 BPSK is very small. When the coverage is not limited, the probability to select pi/2 BPSK is very slow since the SINR is higher than the threshold of selecting pi/2 BPSK.
TABLE 7
[bookmark: _Ref31750081][bookmark: _Toc31943233][bookmark: _Toc31943713][bookmark: _Toc31944273]UL spectral efficiency for pi/2 BPSK (TSDSI) in Rural - eMBB
(Evaluation configuration C with ISD = 6 km and CF = 700 MHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	UE transmit power
	ITU
Requirement
	10 MHz bandwidth

	2x8 SU-MIMO

	15
	FDD
	23 dBm without pi/2 BPSK
	Average [bit/s/Hz/TRxP]
	1.6
	4.15

	
	
	
	
	5th-tile [bit/s/Hz]
	0.045
	0.093

	2x8 SU-MIMO

	15
	FDD
	26 dBm with pi/2 BPSK
	Average [bit/s/Hz/TRxP]
	1.6
	4.04

	
	
	
	
	5th-tile [bit/s/Hz]
	0.045
	0.10



For the coverage of long distance, the configuration C with changed inter-site distance and carrier frequency is evaluated, i.e. ISD = 12 km and CF = 4 GHz. The evaluation results are provided in Table 8. It is observed that the 5%-tile spectral efficiency with and without pi/2 BPSK is zero. There is no coverage enhancement for pi/2 BPSK. In addition, the cumulative distribution function (CDF) of throughput is illustrated in Figure 2. It is observed that there is a large gap to coverage the cell-edge users due to the high path loss. 
TABLE 8
[bookmark: _Ref31750800][bookmark: _Toc31943234][bookmark: _Toc31943714][bookmark: _Toc31944274]UL spectral efficiency for pi/2 BPSK (TSDSI) in Rural - eMBB
(Changed evaluation configuration C with ISD = 12 km and CF = 4 GHz)
	Scheme and antenna configuration
	Sub-carrier spacing (kHz)
	Frame structure
	UE transmit power
	ITU
Requirement
	Channel model A

	
	
	
	
	
	BW=20MHz

	2x8 SU-MIMO

	30
	DDDSU
	23 dBm without pi/2 BPSK
	Average [bit/s/Hz/TRxP]
	1.6
	1.77

	
	
	
	
	5th-tile [bit/s/Hz]
	0.045
	0.0

	2x8 SU-MIMO

	30
	DDDSU
	26 dBm with pi/2 BPSK
	Average [bit/s/Hz/TRxP]
	1.6
	1.80

	
	
	
	
	5th-tile [bit/s/Hz]
	0.045
	0.0



FIGURE 2
[bookmark: _Ref32056946]CDF of throughput for pi/2 BPSK
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[bookmark: _Toc31943715][bookmark: _Toc31944275]II-F	Questions and feedback to WP 5D and/or the proponents or other IEGs
Currently, there is no further question.

[bookmark: _Toc31943716][bookmark: _Toc31944276]Part III

Conclusion
[bookmark: _Toc31943717][bookmark: _Toc31944277]III-1	Completeness of submission
5G Infrastructure Association finds that the submission in [4] is ‘complete’ according to [2]. 5G Infrastructure Association completed evaluations on the submissions in document IMT-2020/19 (i.e. “TSDSI technology”) and provides assessment and evaluation results. The following is identified that there is a comparison between TSDSI RIT and 3GPP NR as.
5th percentile user Spectral Efficiency:
–	Configuration A is evaluated. The performance of TSDSI is lower than that of 3GPP.
–	Configuration C with changed inter-site distance and carrier frequency is evaluated. TSDSI cannot improve the coverage compare to 3GPP.
Average Spectral Efficiency:
–	Configuration A is evaluated. The performance of TSDSI is lower than that of 3GPP.
–	Configuration C with changed inter-site distance and carrier frequency is evaluated. The performance for TSDSI and 3GPP is similar.
[bookmark: _Toc31943718][bookmark: _Toc31944278]III-2	Compliance with requirements
These are the main conclusions on the 5G Infrastructure Association evaluation of the evaluated proposal. In Table 9 below, it is shown whether or not 5G Infrastructure Association has confirmed the proponent’s claims relating to IMT-2020 requirements.
The phrase ‘Requirements fulfilled’ in the Tables below indicates that 5G Infrastructure Association Evaluation Group assessment confirms the associated claim from the proponent that the requirement is fulfilled.
In Section III-2.1 the detailed compliance templates are summarized.
[bookmark: _Toc31943719][bookmark: _Toc31944279]III-2.1	Overall compliance
TABLE 9
[bookmark: _Ref536805369][bookmark: _Toc28265868][bookmark: _Toc28277102][bookmark: _Toc31943240][bookmark: _Toc31943720][bookmark: _Toc31944280]5G Infrastructure Association assessment of compliance with requirements

	Characteristic for evaluation
	RIT TSDSI:
5G IA assessment
	Section

	Peak data rate
	Not provided
	

	[bookmark: _Hlk512948089]Peak spectral efficiency
	Not provided
	

	[bookmark: _Hlk512948230]User experienced data rate
	Not provided
	

	[bookmark: _Hlk512948339]5th percentile user spectral efficiency
	Requirements fulfilled
	Part II-E.2.

	[bookmark: _Hlk512948456]Average spectral efficiency
	Requirements fulfilled
	Part II-E.2.

	[bookmark: _Hlk512949430]Area traffic capacity
	Not provided
	

	User plane latency
	Not provided
	

	[bookmark: _Hlk512949549]Control plane latency
	Not provided
	

	[bookmark: _Hlk512949624]Connection density
	Not provided
	

	[bookmark: _Hlk512949659]Energy efficiency
	Not provided
	

	[bookmark: _Hlk512949693]Reliability
	Not provided
	

	[bookmark: _Hlk512949728]Mobility
	Not provided
	

	[bookmark: _Hlk512949763]Mobility interruption time
	Not provided
	

	Bandwidth
	Not provided
	

	Support of wide range of services
	Not provided
	

	Supported spectrum band(s)/range(s)
	Not provided
	



It should be noted that the analysis behind the analytical and inspection results is not limited by properties of the test environment; hence all these conclusions are valid for all test environments.
[bookmark: _Toc31943721][bookmark: _Toc31944281]III-2.2	Detailed compliance templates
[bookmark: _Toc31943722][bookmark: _Toc31944282]III-2.2.1	Compliance template for services[footnoteRef:3] [3: 	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
] 

	
	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)
	Not provided

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



[bookmark: _Toc31943723][bookmark: _Toc31944283]III-2.2.2	Compliance template for spectrum3
	
	Spectrum capability requirements
	Evaluator’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.
	Not provided

	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.
Details are provided in Section II-E.16.
NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.
	Not provided



[bookmark: _Toc31943724][bookmark: _Toc31944284]III-2.2.3	Compliance template for technical performance3
	Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)
	Category
	Required value
	TSDSI Value(2)
	3GPP Value(2)
	Requirement met?
	Comments
(3)

	
	Usage scenario
	Test environment
	Downlink or uplink
	
	
	
	
	

	5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)
	eMBB
	Dense Urban – eMBB
	Downlink
	0.225
	0.34~0.37
	0.35~0.37
	Yes
	Configuration A is evaluated. The performance of TSDSI is lower than that of 3GPP.

	
	
	
	Uplink
	0.15
	0.29~0.42
	0.33~0.418
	Yes

	

	
	eMBB
	Rural - eMBB
	Uplink
	0.045
	0~0.10
	0~0.093
	Yes
	Configuration C with changed inter-site distance and carrier frequency is evaluated. TSDSI cannot improve the coverage compare to 3GPP.

	5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)
	eMBB
	Dense Urban – eMBB
	Downlink
	7.8 
	11.15~12.66
	11.9~12.66
		Yes
	Configuration A is evaluated. The performance of TSDSI is lower than that of 3GPP.

	
	
	
	Uplink
	5.4 
	5.98~7.038
	6.53~7.036
		Yes
	

	
	eMBB
	Rural – eMBB
	Uplink
	1.6 
	1.80~4.04
	1.77~4.15
		Yes
	Configuration C with changed inter-site distance and carrier frequency is evaluated. The performance for TSDSI and 3GPP is similar.

	
	(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.



[bookmark: _Toc31943725][bookmark: _Toc31944285]II-3	Number of test environments meeting all IMT-2020 requirements
Based on our independent evaluation report, new technologies of TSDSI differing from 3GPP are evaluated. TSDSI can meet the requirement of average spectral efficiency and 5% spectral efficiency in Dense Urban - eMBB and Rural - eMBB test environments. It should be noted that if these technologies are not applied, the evaluation results would be the same as that submitted by 3GPP.

[bookmark: _Toc31943726][bookmark: _Toc31944286]Annex A
Detailed evaluation assumptions for average and 5%-tile spectral efficiency
[bookmark: _Toc18152][bookmark: _Toc2023]The detailed evaluation assumptions for downlink and uplink are illustrated in Table A-1 and Table A-2, respectively. 
Table A-1
 Evaluation assumptions for downlink
	Configuration parameters
	Dense Urban (Configuration A)

	Multiple access
	OFDMA

	Duplexing
	TDD

	Network synchronization
	Synchronized

	Carrier frequency
	For configuration A: 4GHz

	Modulation
	Up to 256 QAM

	Coding on data channel
	LDPC

	Subcarrier spacing
	30 kHz

	Simulation bandwidth
	20MHz

	Frame structure
	DDDSU

	Transmission scheme
	Adaptive SU/MU-MIMO

	MU dimension
	Up to 12 layers

	SU dimension
	Up to 4 layers

	Codeword (CW)-to-layer mapping
	For 1~4 layers, CW1;
For 5 layers or more, two CWs

	CSI feedback
	every 5ms

	Interference measurement
	SU-CQI

	ACK/NACK delay
	The next available UL slot

	Antenna configuration at TRxP
	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
	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

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	TRxP number per site
	3

	Mechanic tilt
	90° in GCS

	Electronic tilt
	105° in LCS

	Handover margin (dB)
	1

	Wrapping around method
	Geographical distance-based wrapping

	Criteria for selection for serving TRxP
	RSRP based

	Overhead
	PDCCH: 2 complete symbols
DMRS: Type II, based on MU-layer (dynamic in simulation)
CSI-RS：32 ports per 5 slots
CSI-RS for IM：ZP CSI-RS with 5 slots period; 4 RE/PRB/5 slots
SSB：1 SSB per 20 ms
TRS：2 consecutive slots per 20ms, 1 port, maximal 52 PRBs



Note: Other system configuration parameters align with Report ITU-R M.2412.


Table A-2
 Evaluation assumptions for uplink
	Configuration parameters
	Dense Urban
(Configuration A)
	Rural
(Configuration C)

	Multiple access
	CP-OFDM
	DFT-S-OFDM

	Duplexing
	TDD
	FDD/TDD

	Network synchronization
	Synchronized
	Synchronized

	Coding
	LDPC
	LDPC

	Numerology
	30kHz 
	15 kHz for FDD, 30 kHz for TDD

	Simulation bandwidth
	20 MHz
	10 MHz for FDD;
20 MHz for TDD

	TDD Frame structure
	DDDSU
	DDDSU

	Transmission scheme
	SU-MIMO
	SU-MIMO

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

	Re-transmission delay
	Next available slot
	Next available slot

	Antenna configuration at TRxP
	For 32R: (M,N,P,Mg,Ng; Mp,Np)= (8,8,2,1,1; 2,8)
(dH, dV)=(0.5, 0.8)λ;
	8Rx, (8,4,2,1,1; 1,4)

	Antenna configuration at UE
	For 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)

	Scheduling
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC

	Channel estimation
	Non-ideal
	Non-ideal

	Power control parameter
	P0=-60, alpha = 0.6
	P0=-76, alpha = 0.8

	TRxP number per site
	3
	3

	Mechanic tilt
	90° in GCS
	90° in GCS

	Electronic tilt
	105° in LCS
	92° in LCS 

	Handover margin (dB)
	1
	1

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

	Criteria for selection for serving TRxP
	RSRP based
	RSRP based

	Overhead
	PUCCH: 2 PRB and 14 symbols
DMRS: Type II, one front loaded symbol + 1 addition symbol
SRS：2 symbols per 5 slots
	PUCCH: 2 PRB and 14 symbols
DMRS: Type II, one front loaded symbol + 1 addition symbol
SRS：2 symbols per 5 slots



Note: Other system configuration parameters align with Report ITU-R M.2412.
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Summary

ITU-R is committed to deliver a specifica-
tion for an international mobile telecom-
munication system for 2020 and beyond
(IMT-2020). ITU-R has asked for pro-
posals for Radio Interface Technologies
(RITs). Each submission has to include
either an initial self evaluation or the pro-
ponents’ endorsement of an initial evalu-
ation according to the ITU-R guidelines.
Currently, work is being performed on the
IMT-2020 evaluation process. 3GPP as a
proponent is performing a self evaluation.
Nine organizations have indicated their in-
tention to serve as independent evaluation
groups to corroborate the self-evaluation
results provided by the propoents. One
of these was launched under the um-
brella of the 5G Infrastructure Associa-
tion (5G-I1A), which colaborates with the
European Commission in the context of
the 5G-PPP sub-program of Horizon 2020

on 5G. Within this IMT-2020 Evaluation
Group of 5G-1A, Nomor Research is re-
sponsible for conducting a major share of
the required system level simulations. In
this document, we introduce the consid-
ered scenarios including the main config-
uration settings. Our considerations are
limited to the enhanced mobile broadband
(eMBB) usage scenario. In the context
of self evaluation, 3GPP is performing a
calibration of system level simulators of
different members considering Downlink
Coupling Gain and Downlink Geometry as
calibration metrics. We performed the
calibration of our system level simulator
against these results and observed that
our results are well aligned.

| Introduction

In 2012, ITU-R started to develop a vi-
sion of the international mobile telecom-
munication system for 2020 and beyond
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referred to as IMT-2020 [IRb]. To de-
termine the international specification for
5G, which shall be presented in 2020,
ITU-R has defined technical performance
requirements in ITU-R M.2410-0 [IR173]
and service and spectrum aspect require-
ments have been summarized in ITU-R
M.2411-0 [IR17b].  Furthermore, the
ITU-R has specified evaluation guidelines
in ITU-R M.2412-0 [IR17c] to evaluate
the candidate IMT-2020 radio interface
technologies (RITs) or Set of RITs (SRIT)
for different test environments.

Based on the schedule presented by ITU-
R WP5D, proposals for IMT-2020 can
be submitted from October 2017 to July
2019. The ongoing evaluation of the can-
didates will end in February 2020 [IRa].

3GPP defined a work plan for its submis-
sions according to this timetable. At the
beginning of this year, the initial descrip-
tion was submitted [SA18a]. It includes
two submissions: Submission 1 is an SRIT
composed by two RITs, namely New Ra-
dio (NR) and LTE, where NR is the term
3GPP used for the standard specified from
Release 15 onwards. Submission 2 is an
NR RIT. An update, which contains the
preliminary self-evaluation and link bud-
get results and compliance templates in

addition to the extended characteristics,
was submitted in October 2018 [SA18b].
The final submission is planned for July
2019 [Ital7]. This will include further Re-
lease 16 enhancements.

ITU-R has registered nine different Inde-
pendent Evaluation Groups (IEG) [IRa],
commissioned to verify the performance of
candidate proposals for 5G. Proponents,
such as 3GPP, are required to perform self
evaluation based on scenarios and con-

straints defined by the ITU-R in [IR17c].

The 5G Infrastructure Public Private Part-
nership (5G-PPP), a sub-program of the
Horizon 2020 program addressed by the
European Commission and the European
information and communication technol-
ogy industry, organized in the 5G In-
frastructure Association (5G-1A) thereby
representing the private side of 5G-PPP,
has formed one of these registered IEG
to evaluate 3GPP’s proposal based on
the IMT-2020 evaluation guidelines. This
evaluation group mainly includes mem-
bers of the EU funded Horizon 2020
phase-2 projects 5G-XCast, 5G-MoNArch,
One5G and 5G-Essence. Nomor Research
is part of it and responsible for many of
the system-level simulations, specifically
those related to enhanced mobile broad-

Nomor Research GmbH / info@nomor.de / www.nomor.de / T +498997898000 2/13





mobile

‘ ‘ novel
radio

band (eMBB).

Recently, we participated the 3GPP Work-
shop on 5G NR IMT2020 evaluation in
Brussels, Belgium. The workshop intro-
duced the IEGs and the industry to the 5G
mobile communication system developed
by 3GPP. Additionally, the 3GPP submis-
sions for IMT-2020 including the corre-
sponding evaluations were explained and
a short outlook was presented.

The first step of the evaluation process
is to calibrate the system level simulator
in simplified reference scenarios. Chap-
ter |l of this document introduces the
considered scenarios and the main cal-
ibration parameters including the con-
figuration settings and calibration met-
rics. The calibration results of Nomor Re-
search’s system level simulator are com-
pared against the 3GPP results in Chap-
ter lll. Chapter IV concludes with a sum-
mary of the observations and gives an out-
look regarding the next steps.

Il Scenarios and Calibration
Parameters

3GPP’s calibration scenarios are largely
based on the test environments defined

by ITU-R in [IR17c]. [IR17c] also spec-
ifies channel models, one of which in turn
coincides with that defined by 3GPP in
[3GP17].

II.LA Test Environments

For the IMT-2020 evaluation, the ITU-R
defined different usage scenarios [IR17¢],
namely enhanced mobile broadband
(eMBB), massive machine type commu-
nications (MMTC) and ultra-reliable and
low latency communications (URLLC),
and combines each of them with one or
several geographic environment(s) result-
ing in five different test environments,
see Table 1. These give the possibility to
investigate the critical aspects in system
design and performance.

| Scenario | Test Environment |
Indoor Hotspot — eMBB
eMBB Dense Urban — eMBB
Rural — eMBB

Urban Macro - mMTC
Urban Macro — URLLC

mMTC
URLLC

Table 1: Test environments defined by ITU

In this document we restrict ourselves to
the three test environments related to the
eMBB usage scenario.
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Figure 1: Layout for Indoor Hotspot —
eMBB [IR17c]

11.B  Network Layout

For the network layout no specific topo-
graphy is taken into account, instead base
stations are placed in regular grids [IR17c].

For the Indoor Hotspot — eMBB test en-
vironment, 12 sites are placed at a height
of 3m and with an inter-site distance of
20m in a confined and isolated area of
120m x 50 m, see Figure 1. The scenario
represents one floor of a building which
has a height of 3m with ceiling mounted
base stations. Internal walls are modeled
via the stochastic LOS probability model.
In two variants of this scenario one site
can be configured with one or three sec-
tors or cells, respectively.

The Dense Urban — eMBB test envi-
ronment consists of a macro and a mi-
cro layer. For the macro layer, a regu-

novel
mobile
radio

Figure 2: Hexagonal site layout for Dense
Urban — eMBB and Rural — eMBB [IR17c]

lar hexagonal layout is used, where each
site has three sectors, see Figure 2. In
each macro cell area three micro sites
are randomly dropped for the micro layer.
For the purpose of calibration, 3GPP and
therefore also we herein only consider the
macro layer.

For the Rural — eMBB test environment
the network deployment is the same as the
macro layer of the Dense Urban — eMBB
test environment, but differs in terms of
inter-site distance and height of the base
stations.
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I1.C Parameter Settings

In Table 5 of [IR17c] the ITU-R defines
evaluation configurations for each test en-
vironment. For several parameters as the
number of antenna elements or the band-
width, a range is given. 3GPP specified
these parameters for its calibration within
the framework of the self evaluation. An
overview of all parameters used is given
in e.g. [Hual8]. We applied these 3GPP
parameter settings for our calibration.

For each test environment different con-
figurations are available. The considered
scenarios with the characterizing configu-
rations are summarized in Table 2.

Considering Indoor Hotspot — eMBB
and Dense Urban — eMBB, carrier fre-
quencies f. of 4GHz and 30GHz are
used. Meaning two different frequency
ranges are investigated, namely frequency
range 1, i.e. frequencies below or equal
6 GHz and frequency range 2, i. e. frequen-
cies above 6 GHz. For the Rural — eMBB
scenario, there are two configurations in
frequency range 1, one with 700 MHz and
one with 4 GHz carrier frequency.

In case of Indoor Hotspot — eMBB Con-
fig A, 32 antenna elements are configured
at the base station and 4 antenna ele-
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Indoor Hotspot — eMBB
Config A | Config B
fe 4 GHz 30 GHz
Tx x Rx| 32x4 64 x 32
GoB — V
Dense Urban — eMBB
Config A | Config B
fe 4 GHz 30 GHz
Tx x Rx | 128 x4 | 256 x 32
GoB vV
Rural — eMBB
Config A | Config B
fe 700MHz | 4 GHz
Tx X Rx | 64 x 2 128 x 4
GoB fixed downtilt

Table 2: Scenario Parameters

ments at the UE. All antenna elements are
controlled individually meaning we have a
one-to-one mapping between transceiver
units (TXRUs) and antenna elements.

We performed the calibration of all Indoor
Hotspot — eMBB scenarios with one sec-
tor per site as well as with three sectors.
As mentioned in Section I1.B the configu-
ration can be selected by the proponent.

A grid of beam (GoB) with 8 or 12 dif-
ferent directions is applied at the gNB
in the Indoor Hotspot — eMBB Config B
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scenario or in the two Dense Urban -
eMBB scenarios, respectively, i.e. the an-
tenna elements are grouped as disjoint
sets into sub-array partitions served by dif-
ferent TXRUs. Within the TXRUs analog
beamforming is applied on the individual
antenna elements, while for the combina-
tion of the different TXRUs digital pre-
coding is used. In the Indoor Hotspot
— eMBB Config B scenario the 64 an-
tenna elements are grouped into 8 par-
titions each connected to an TXRU. Each
partition has 4 columns and 2 rows of
antenna elements. The TXRUs of the
two Dense Urban — eMBB scenarios each
feed partitions of 32 antenna elements ar-
ranged in 8 columns and 4 rows. While
for Config A 4 TXRUs are used, Config B
uses 8 TXRUs.

At the UE 4 antenna elements with a one-
to-one mapping are configured for Con-
fig A both of Indoor Hotspot — eMBB and
Dense Urban — eMBB. Considering the
appropriate configurations of frequency
range 2, GoB with 8 different directions
is applied at the UE. 32 antenna elements
are grouped into 4 partitions. Each parti-
tion has 4 columns and 2 rows of antenna
elements. While for the gNB, the TXRUs
or antenna elements are positioned such
that the beams or patterns look all into

novel
mobile
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the same direction, the partitions of the
latter configurations are as separate pan-
els positioned back-to-back to allow a re-
ception of all different directions.

For Rural — eMBB we have a fixed down-
tilt at the base station for all TXRUs.
8 antenna elements spaced in one col-
umn are fed by one TXRU. For Config A
(f. = 700 MHz) there are 8 TXRUs, for
Config B (f. = 4 GHz) 16 TXRUs, result-
ing in a total number of antenna elements
of 64 or 128, respectively. On the UE side,
2 antenna elements are used for Config A,
whereas 4 antenna elements are used for

Config B.

At the gNB cross polarization with an ori-
entation of +45 ° and -45 ° is applied. The
orientation of the antenna elements at the
UE is 0° and +90°.

For all simulations we apply a band-
width of 10MHz and IMT channel
model B [IR17¢c] which corresponds to
the 3GPP channel model for frequen-
cies from 0.5 GHz to 100 GHz specified in
TR 38.901 [3GP17].

Further parameter settings can be found
in [Hualg].
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I1.D Metrics for Calibration

3GPP’s calibration process is based on
two metrics, namely Dowlink Coupling
Gain and Downlink Geometry.

The Dowlink Coupling Gain includes
pathloss, antenna gains and average fast
fading gains. Any processing gains at
transmitter or receiver like beamforming
or maximum ratio combining gain are ex-
cluded, except for analog beamforming
gains of the TXRUs where applicable.

The Downlink Geometry is the ratio of re-
ceived signal power to the sum of interfer-
ence and noise power where all signals are
averaged individually over the used band-
width. Like the Downlink Coupling Gain,
it does not include any processing gain at
transmitter or receiver except with analog
beamforming where applicable. As such
the Downlink Geometry is a kind of wide-
band SINR.

11l Calibration Results

We calibrated our system-level simula-
tor against the various simulators used
in 3GPP, cf. [Hual8]. The calibration
results, regarding the metrics Downlink
Coupling Gain and Downlink Geometry,

are presented in Figure 3 to 18. The re-
sults of the various 3GPP simulators are
included in the figures tagged with legend
entries “3GPP #:", the index ¢ being that
specfied in [Hual8].

The figures show a very good match of our
results with the 3GPP results regarding
Downlink Coupling Gain as well as Down-
link Geometry. Only in Rural — eMBB,
Config A (f. = 700 MHz) our results in-
dicate a slightly increased probability of
the Downlink Geometry in the range be-
low -3dB, cf. Figure 16.

IV Conclusions

In this paper, the IMT-2020 evaluation
process was shortly introduced and con-
sidered scenarios, the main calibration pa-
rameters and configuration settings are
explained. As a member of the 5G-1A
independent evaluation group responsible
for the system level simulation, we pre-
sented our calibration results against the
ones provided by 3GPP. We concluded
that our results match very well with the
3GPP results.

In the next step we will perform the ac-
tual performance evaluation following the
methodology of [IR17¢].
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Link-level calibration results

The following document provides the specific calibration results that were performed for the
link-level simulator. It describes the calibration procedure performed to demonstrate the correct
operation of the link-level simulator employed in the Evaluation Report from the 5G
Infrastructure Association on the IMT-2020 proposal.

The calibration results are obtained for 5G New Radio PDSCH (Physical Downlink Shared
Channel) and PUSCH (Physical Uplink Shared Channel).

I PDSCH methodology and parameter configuration

The calibration procedure is fully aligned with the evaluation process followed in 3GPP RAN
WG4. As described in [1], 3GPP calibrates the PDSCH performance by evaluating the
maximum throughput provided for FR1 and FR2 scenarios and FDD and TDD techniques. For
each frequency range and duplexing technique, a specific set of cases is described. Calibration
is here performed for FR1 and FDD.

As shown in Table 1, 3GPP defines up to fourteen different evaluation cases for this
combination. Different channel models, MCS indexes and MIMO configurations are
considered. For the sake of simplicity, the calibration is here provided for cases 4 and 5.

Nomber | BWISCS MIMO S mdmea | Layers | Sl
1| 1oMHanskHz | JriRN Ula low | opskmcs4 | 1| 1oons 400z
2 10MHz/15kHz gi ig 3::2 Iﬂga QP-SrI{pls/IéS 4 1 300T1§),L1_(%Hz
3 10MHz2/15kHz gi 35? Btﬁ tﬁﬁ ZSGQL)I(EEI\/T\CS 24 ! TDLl_(')/T-|3z)0nS’
4 10MHz2/15kHz gi 35? Btﬁ tﬁﬂ 16Q,;\rl2//|ple\/l’?38 13 2 3001r—15D,L1-(§)Hz
+[owarsen | Ol [ nma T oA
6 10MHz/15kHz |  4Tx 4Rx ULA Low 16Q/I|¥/|pi/|Acs 13 3 TDLl'()AHions’
7 10MHz/15kHz | 4Tx 4Rx ULA Low 16Q,I|¥/|pK/|Acs 13 4 TD"l'&'iO”S*
8 10MHz/15kHz | 2Tx 2Rx ULA Med 16Q,I|¥/|pK/|Acs 13 2 TD"l'&'iO”S*
9 10MHz/15kHz | 4Tx 4RX ULA Med A 16Q,I|¥/|pK/|Acs 13 3 TD"l'&'iO”S*
10 10MHz/15kHz gi i?ﬁ Btﬁ tﬁ“ 16Q/I|¥/|pK/|Acs 13 ! 300-:—1?_1-0(:0Hz
11 10MHz/15kHz | 2Tx 2Rx ULA Low ng%p&gs ) 1 TD"l'&'iO”S*
11 10MHz/15kHz |  2Tx 2Rx ULA Low stlef’le\AEéS , 1 TD"l'(ﬁ_sons*
12 (';#Tl')E'NR 10MHz/15kHz | 4Tx 2Rx ULA Low QPslePiAés A 1 TDLl'(’)“'_éO“S’
13 (';#TZ')E'NR 10MHz/15kHz |  4Tx 2Rx ULA Low QPslePiAés A 1 TDLl'(’)“'_éO“S’
14 (';IQ)')E'NR 10MHz/15kHz | 4Tx 2Rx ULA Low stTzFiAEcS:s A 1 TDLl'(’)“'_éO“S’
Table1  Evaluation cases considered in 3GPP for FR1 and FDD configuration.
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The following 3GPP parameters and configurations are assumed:

SSB/PBCH: Allocation in slot 0 in each second frame. 1 slot per 20 ms.
CORESET configuration: Full BW allocation, 2 control symbols.
PDSCH configuration:
- Time domain: mapping type A (starting symbol 2, duration of 12 symbols).
- Frequency domain: full bandwidth allocation.
Scheduling in all slots but SSB/PBCH (19 out of every 20 subframes carry data).
HARQ assumptions: RV sequence {0, 2, 3,1}, 4 HARQ processes.
DMRS configuration of 2 DMRS symbols.

1] PDSCH calibration results

Throughput results are obtained in this section and compared against the calibration results
provided by specific companies in different 3GPP contributions [1-4].

25 T T T T T T X
—6—IMT-2020 5G-PPP WG
—-B-—Ericsson
20 L Samsung |
A-—Intel
7 —-%-—Huawel
o
O
S 15+ -
=]
Q
<
=10} i
=
<=
E
5 _ -
OR—x—= I I I I |
2 0 2 4 6 8 10 12 14 16 18 20
CNR (dB)
Figure 1 Throughput calibration results, case 4.
40 T T T T T T T
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30 -|—-A —Intel

—-%-—Huawei

[\
(9}
T

Throughput (Mbps)
—_ )
W o
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Figure 2 Throughput calibration results, case 5.
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11 PUSCH methodology and parameter configuration

The methodology in this case is aligned with the evaluation process followed in [5]. The 3GPP
technical specifications TS 38.104 [6] and TS 38.141-1 [7] are used as a reference. 3GPP
calibrated PUSCH results are obtained by different companies by measuring the SNR at the
70% of the maximum throughput. 3GPP defines different simulation cases with multiple
antenna configurations, MCS, channel models, etc.

The selected parameter configuration for this calibration is:

e CP-OFDM without precoding and normal cyclic prefix.

e DMRS configuration: 1+1

e Minimum mean-squared error (MMSE) equalizer.

e Ideal estimation conditions.

e Channel models simulated with different sub-carrier spacing (SCS), MCS and
bandwidth combinations, as shown in Table 2Table 1:

Evaluation Bandwidth SCS Antenna Channel Delay MCS
case (MH2) (kHz) Configuration model spread (ns)
1 TDL-B 100-400 2
2 SIMO 1x2 TDL-C 300-100 16
3 10 15 TDL-A 30-10 20
4 TDL-B 100-400 2
5 MIMO 2x2 TDLC 300-100 16
6 TDL-B 100-400 2
7 40 30 SIMO 1x2 TDL-C 300-100 16
8 TDL-A 30-10 20
9 MIMO 2x2 TDL-B 100-400 2

Table 2  Evaluation cases considered in 3GPP for FR1 and FDD configuration.

1] PUSCH calibration results

Throughput results are obtained for the 9 selected evaluation cases and compared against the
calibration results provided by specific companies. Figure 3 depicts an example of the
calibration results for the evaluation case 1.

2 -29dB -5.04 dB -4.68 dB -4.6 dB -5.1dB -3.45 dB -5.02dB -4.15 dB
T -2
?i AVERAGE: -4.68 dB
"E; -3 Difference: 0.53 dB
S
= 4
g e R R R R R ———————.——, —
- .
“ H - B
S
Samsung ZTE Nokia Huawei Ericsson China Tel. CATT 5G-PPP
WG
Figure 3 Example of calibration PUSCH results, case 1.

Table 3 shows all results provided by the companies as well as those obtained in this report.
The difference between the average of them and these results is additionally shown.
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Evaluation case

Company 1 2 3 4 5 6 7 8 9
Samsung -29 | 853 |10.89 | 1.01 | 16.6 | -3.99 | 85 | 10.37 | -0.35
ZTE -5.04 | 9.19 | 11.43 | -1.16 | 17.24 | -3.92 | 9.54 | 10.51 | -0.94

CMCC X X X X X -4.6 6.8 10 X
Nokia -468 | 7.81 | 9.77 | -0.09 | 16.94 | -484 | 7.62 | 954 | -1.04
Huawei -4.6 8.2 105 | -1.24 | 1594 | -4.7 7.9 10.5 | -1.23
Ericsson -5.1 8.1 9.6 -0.9 15.8 -5 7.9 9.5 -1.1

China Telecom | -5.45 | 7.97 | 11.62 X X -5.4 7.9 | 10.43 X
CATT -5.02 | 7.89 | 953 | -1.13 | 15.31 | -4.72 | 7.62 | 10.07 | -1.08
Average -4.68 | 8.24 | 10.48 | -0.59 | 16.31 | -4.68 | 7.97 | 10.12 | -0.96
5G-PPP WG -415 | 8.6 10.2 | -0.45 | 1545 | -4.15 | 84 9.7 -0.1
Difference 053 | 036 | 028 | 0.14 | 0.86 | 053 | 043 | 0.41 | 0.86

Table 3 SNR (dB) at 70% of throughput. Evaluation cases 1 to 9.

References

[1] 3GPP R4-1812164, “Normal PDSCH demodulation alignment simulation results,”
Intel Coorporation, October 2018.

[2] 3GPP R4-1812461, “Simulation results for NR UE PDSCH in FR1,” Samsung,
October 2018.

[3] 3GPP R4-1813632, “Simulation results for NR PDSCH demodulation performance
requirements,” Huawei, HiSilicon, October 2018.

[4] 3GPP R4-1813439, “Simulation results for NR UE PDSCH demodulation tests,”
Ericsson, October 2018 .

[5] 3GPP R4-1905988, “Summary of ideal and impairment results for NR BS
demodulation requirements - Update with results for pucch FR2 F3 with additional
DMRS,” Ericsson, May 2019.

[6] 3GPP TS 38.104, V15.7.0, “Base Station (BS) radio transmission and reception”,
September 2019.

[7] 3GPP TS 38.141-1, V15.3.0, “Base Station (BS) conformance testing Part 1:

Conducted conformance testing”, September 2019.






image5.png
172 slots delay

2|3 |4a|s|e|7 |89

D|s D|D|D

It cannot be used to
immediately following PUSCH





image6.png
3 slots delay

It cannot be used to
immediately following PUSCH





image7.png
CDF

09

08

[ik4

06

05

04

03

02

01

10

5 20 25 3 3
Throughput (Mbps)

40




image1.png




