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Part I
Administrative aspects of the Independent Evaluation Group 
These details were provided in the previous report filed by the CEG (IMT.2020/30Rev1) and are not repeated here since there are no changes. 


Part II
Technical aspects of the work of the Independent Evaluation Group
The CEG notes that in document IMT-2020/54, the ITU has provided somewhat elaborate guidance to independent evaluation groups (IEG) in how to structure their reports. The CEG would like to respectfully point out that the guidance appears to be provided from the point-of-view of documents that are internal to the ITU and so has followed the same format for this report as the one recommended previously by the ITU. 
But rather than revise its previous report (IMT-2020/30(Rev.1)), which would require enabling the “track changes” feature, then using the asterisk mark (‘*’) to differentiate the old results from the new, the CEG is providing a new report in which it believes that the results are presented with sufficient clarity that the ITU will not experience any major difficulty in taking them into account. In this new report, the CEG maintains the numbering scheme followed in the original one – for sections, sub-sections, etc. – in order to ensure some degree of consistency. 
A)	What candidate technologies or portions of the candidate technologies this IEG is or might anticipate re-evaluating?
7	Technologies re-evaluated by the CEG
The candidate technologies, or portions thereof, that the CEG will re-evaluate are as follows (extracted from Document 5D/545, Chapter 7, Attachment 7.4: “Liaison Statement to Independent Evaluation Groups and "ETSI (TC DECT) and DECT Forum Proponent" and "Nufront Proponent" engaged In Option 2”): 
1	ETSI (TC DECT) and DECT Forum Candidate Technology Submission (called “DECT-2020” hereafter, noting that it refers to one RIT component of the SRIT submitted) 
a	Connection density: for UMa-mMTC test environment
2	Nufront Candidate Technology Submission (called “EUHT” hereafter) 
a	5th percentile and average Spectral Efficiencies: for DU-eMBB test environment 
b	Mobility: for DU-eMBB test environment
c	Reliability: for UMa-urLLC test environment 
d	Connection density: for UMa-mMTC test environment.
B)	Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2412
8	Evaluation Guidelines
While the CEG confirms it has utilized not just the ITU-R evaluation guidelines in Report ITU-R M.2412, but the re-evaluation guidelines in document IMT-2020/54 as well, it draws the attention of the ITU to the fact that these guidelines were established from the view-point of RITs (Radio Interface Technologies) or SRITs (Sets of RITs) that are fundamentally cellular in nature i.e. possess a network structure with a base-station site (usually with three sectors/cells) that communicates with user-equipment in those sectors. 
The CEG notes that the DECT-2020 RIT component appears to have a hybrid nature in that it combines a cellular lay-out with mesh network capabilities, while the EUHT RIT also appears to have a hybrid RLAN/cellular structure.  
Consequently, these candidate submissions require more guidelines than are presented in Report ITU-R M.2412. 
C)	Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines;
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)
–	Identify gaps/deficiencies in submitted material and/or self-evaluation;
–	Identify areas requiring clarifications;
–	General questions.
9	Identify areas requiring clarifications
The CEG, along with other IEGs, has a separate contribution to the 38th meeting of WP5D entitled “Observations of 5GIF, CEG, and WWRF regarding the administrative and timing circumstances of the technology evaluations for Option 2” in document 5D/607, which identifies areas requiring clarifications. It has chosen not to reproduce that text here in order not to create two documents with identical content (with accompanying loss in clarity if one document is updated, but not the other).  
9.1	DECT-2020
The CEG had to tackle multiple issues in order to produce the desired DECT evaluation metric. Full specifications required to set up the simulator were not entirely confirmed until after the 37th WP5D meeting (cf. section 12 for details). Besides, given the final setup adopted by the CEG based on the proponent’s feedback received by 8th April 2021 and translating into exhaustive consideration a priori of all potential D2D channels between the user equipment (UE)/devices and all potential multi-hop relaying paths (up to 255 in number), the amount of data required to be generated – for around 77,000 UE/devices per sector/cell to reflect the criterion of 1 million users per km2 – was enormous. Just a single drop to carry out a simulation could take days for one base-station (BS) site (one site comprising three cells/sectors) and, as a consequent extension, many weeks for the full layout of nineteen BS sites. The CEG’s academic member, despite having powerful computing servers of its own, had to rely on Compute Canada resources to cope with the daunting demands in number crunching required by the evaluation of the connection density criterion of this submission. Simply obtaining the required memory allocations from Compute Canada could take a few days before simulations are allowed to run, since access is granted via a queue.
9.2 	EUHT
As far as EUHT is concerned, similar issues had to be faced. Full specifications were confirmed after the 37th WP5D meeting (cf. section 12 for details). Once the CEG adopted the final setup based on Nufront’s feedback received by 21st April 2021, the time left to configure the simulator  has proved to be insufficient. Indeed, previously developed programming blocks to simulate other candidates have been rendered inadequate, if not obsolete, as this submission is more akin to an RLAN-based technology than a cellular one. Further, the persistent recommendation of a complex receiver structure such as MMSE-IRC has resulted in the reconfiguration of our simulator a very time-consuming task.
10	Compliance templates 
10.4	Compliance templates for Nufront RIT
10.4.1	Services 
Compliance template for services
This is available in Document IMT-2020/30(Rev.1). 
10.4.2	Spectrum 
Compliance template for spectrum
This is available in Document IMT-2020/30(Rev.1). 
10.4.3	Technical Performance 
Only the minimum technical performance requirements that were the subject of re-evaluation are presented in the table that follows:

	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
	
	
	
	

	5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)
	eMBB
	Indoor Hotspot – eMBB
	Downlink
	0.3
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	Uplink
	0.21
	
		Yes
	No
	

	
	eMBB
	Dense Urban – eMBB
	Downlink
	0.225
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	Uplink
	0.15
	
		Yes
	No
	

	
	eMBB
	Rural – eMBB
	Downlink
	0.12
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	Uplink
	0.045
	
		Yes
	No
	

	5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)
	eMBB
	Indoor Hotspot – eMBB
	Downlink
	9 
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	Uplink
	6.75 
	
		Yes
	No
	

	
	eMBB
	Dense Urban – eMBB
	Downlink
	7.8 
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	Uplink
	5.4 
	
		Yes
	No
	

	
	eMBB
	Rural – eMBB
	Downlink
	3.3 
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	
	
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	Uplink
	1.6 
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	
	
	
		Yes
	No
	TBD (cf. Section 9)

	5.2.4.3.9
Connection density (devices/km2)
(4.8)
	mMTC
	Urban Macro – mMTC
	Uplink
	1 000 000 
	
		Yes
	No
	TBD (cf. Section 9)

	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
	TBD (cf. Section 9)

	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
	TBD (cf. Section 9)

	
	eMBB
	Dense Urban – eMBB
	Uplink
	1.12 (30 km/h)
	
		Yes
	No
	TBD (cf. Section 9)

	
	eMBB
	Rural – eMBB
	Uplink
	0.8 (120 km/h)
	
		Yes
	No
	TBD (cf. Section 9)

	
	
	
	
	0.45 (500 km/h)
	
		Yes
	No
	TBD (cf. Section 9)

	(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.


10.5	Compliance templates for ETSI/DECT (DECT-2020 “NR” component RIT only)
10.5.1 	Services 
Compliance template for services
This is available in Document IMT-2020/30(Rev.1). 
10.5.2 	Spectrum 
Compliance template for spectrum
This is available in Document IMT-2020/30(Rev.1). 
10.5.3 	Technical Performance 
Compliance template for technical performance
Evaluation results for the minimum technical performance requirements of 5th percentile user spectral efficiency, average spectral efficiency, reliability, and mobility are available in Document IMT-2020/30(Rev.1). Only the minimum technical performance requirement of connection density, that was the subject of re-evaluation, is presented in the table that follows:  

	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
	
	
	
	

	5.2.4.3.9
Connection density (devices/km2)
(4.8)
	mMTC
	Urban Macro – mMTC
	Uplink
	1 000 000 
	
		Yes
	No
	TBD (cf. section 9)



	(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.



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)
–	Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2411, § 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.
11	Candidate technologies and the portions thereof re-evaluated
As explained in sub-section 7 of section A, Part II, the CEG re-evaluated the following:  
1	ETSI (TC DECT) and DECT Forum Candidate Technology Submission
a	Connection density: for UMa-mMTC test environment
2	Nufront Candidate Technology Submission
a	5th percentile and average Spectral Efficiencies: for DU-eMBB test environment 
b	Mobility: for DU-eMBB test environment
c	Reliability: for UMa-urLLC test environment 
d	Connection density: for UMa-mMTC test environment
11.4 	Nufront EUHT RIT
Parameters re-evaluated via Simulation
11.4.12	5% user spectral efficiency and Average spectral efficiency (per test environment) 
11.4.12.1	Conclusion: (cf. Section 9) ... 
11.4.12.2	Verification: (cf. Section 9) …
11.4.14	Reliability
11.4.14.1	Conclusion: (cf. Section 9) ... 
11.4.14.2	Verification: (cf. Section 9) ... 
11.4.15	Mobility (InH, DU, RU) 
11.4.15.1	Conclusion: (cf. Section 9) ... 
11.4.15.2	Verification: (cf. Section 9) …
11.5 	ETSI/DECT Forum SRIT 
Parameters re-evaluated via simulation 
11.5.13 	Connection density
11.5.13.1	Conclusion: (cf. Section 9) ...
11.5.13.2	Verification: (cf. Section 9) ... 
F)	Questions and feedback to WP 5D and/or the proponents or other IEGs
12	Questions and feedback
	Submission
	Document Title
	Author
	Link

	2020-12-23
	TC-DECT response to CEG questions
	ETSI
	[image: Link with solid fill]

	2021-01-25
	Evaluation of 5G NR Standard Candidates by System-Level Simulations: Questions regarding ETSI-DECT technology raised by the CEG
	CEG/INRS
	[image: Link with solid fill]

	2021-02-01
	ETSI TC DECT Response to the additional questions from CEG
	ETSI
	[image: Link with solid fill]

	2021-02-04
	ETSI Evaluation Group Status
	ETSI
	[image: Link with solid fill]

	2021-03-25
	EVALUATION OF ETSI (TC DECT) & DECT FORUM CANDIDATE BY CEG – “WAY FORWARD OPTION 2”: Compilation of questions raised by CEG
	CEG/INRS
	[image: Link with solid fill]

	2021-03-31
	ETSI TC DECT response to ‘Pending’ or ‘Open’ threads
	ETSI
	[image: Link with solid fill]

	2021-04-08
	EVALUATION OF 5G NR STANDARD CANDIDATES BY SYSTEM-LEVEL SIMULATIONS – OPTION 2: Compilation of Questions Raised by INRS on Behalf of the CEG on EUHT Technology
	CEG/INRS
	[image: Link with solid fill]

	2021-04-21
	EVALUATION OF IMT-2020 STANDARD CANDIDATES BY SYSTEM-LEVEL SIMULATIONS – OPTION 2: Compilation of Questions Raised by CEG on EUHT Technology
	CEG/INRS
	[image: Link with solid fill]

	2021-04-21
	Response to CEG
	Nufront
	[image: Link with solid fill]





Part III
Conclusion
14	Overall conclusions
14.4	Nufront RIT
TBD (cf. Section 9) 
14.5 	ETSI/DECT Forum SRIT
TBD (cf. Section 9) 


Annex 1
Evaluation Assumptions and Configuration for ETSI (TC DECT)
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Annex 1

This Annex to the CEG report presents the detailed assumptions used to generate the results of parameters that were meant to be evaluated via simulation. They were prepared by INRS – one of the academia partners – and are reproduced here to provide additional context to the results generated by the INRS simulator. 
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Abbreviations



3GPP 	3rd Generation Partnership Project

BS	Base-station

BW	Bandwidth

D2D	Device to device 

TRxP	Transmission and reception point

UE	User equipment 




A.1 	Evaluation Assumptions and Configuration for ETSI (TC DECT)



Table 1-1

Assumptions and Configuration of Urban Macro-mMTC 



		Parameters 

		INRS evaluation



		Baseline evaluation configuration parameters



		Evaluation metric

		Packet outage rate



		System architecture

		Mesh topology with 19 sites, each site has 3 TRxPs (cells); Device connects directly to BS or through D2D



		Carrier frequency for evaluation

		700MHz



		Channel model

		UMa-B[footnoteRef:1] is used for UE-BS links; 3GPP-D2D[footnoteRef:2] is used for UE-UE links [1:  Report ITU-R M.2412, IMT-2020.EVAL. ]  [2:  3GPP TR 38.901 V16.1.0 ] 




		BS antenna height 

		25 m



		Total Tx power per TRxP in BS/sink



		23dBm



		Additional parameters for system-level simulation



		Inter-site distance 

		500m



		Number of channels

		7



		Subcarrier spacing

		27 kHz



		Number of antenna elements per TRxP

		1



		UE antennas

		1



		Device deployment 

		80% indoor, 20% outdoor 



		Noise figure 

		7 dB 



		BS/sink antenna element gain 

		8 dBi 



		UE antenna element gain 

		0 dBi 



		Thermal noise level 

		‒174 dBm/Hz 



		Traffic model 

		Non-full buffer 



		Layer 2 packet size

		32 bytes



		Channel bandwidth

		1.728 MHz



		UE antenna height 

		1.5m 



		Proportion of relaying UEs

		100%



		Rx sensitivity

		-99.7 dBm



		Number of hops

		Minimum of 2 hops and up to 255



		Channel access

		Random access/listen before talk



		Channel estimation

		MMSE



		Equalization

		Zero forcing



		Number of spatial streams

		1
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