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1	Background
The period from October 2009 (the 6th meeting of Working Party 5D) to June 2010 (the 8th meeting of Working Party 5D) has been designated for evaluation of the IMT-Advanced candidate technology submissions by Independent Evaluation Groups.
The WINNER+ Evaluation Group is a registered Independent Evaluation Group. At the 8th meeting of Working Party 5D, a final evaluation report on IMT-Advanced candidate technology submissions in Documents IMT-ADV/6, IMT-ADV/8 and IMT-ADV/9 was submitted by WINNER+ Evaluation Group (Doc. 5D/769). Working Party 5D has reviewed the evaluation report, and will consider it further in the IMT-Advanced development process.
2	Evaluation summary
2.1	Use of information in Report ITU-R M.2135-1
Working Party 5D has defined evaluation guidelines for IMT-Advanced candidate technology evaluation in the Report ITU-R M.2135. The latest version of this document is Report ITU-R M.2135-1.
Independent Evaluation Groups are requested to indicate in their inputs to Working Party 5D that they applied Report ITU-R M.2135-1 in their evaluation.
Does Independent Evaluation Group confirm use of Report ITU-R M.2135-1 in their work?
 Yes	 No
2.2	Provision of compliance templates
2.2.1	FDD RIT
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.2.2	TDD RIT
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.3	Summary of conclusions of the evaluation report
2.3.1	FDD RIT
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No
Which test environments have been considered in the Evaluation Report? What is outcome of the evaluation?

	Test environment
	Does the Evaluation Report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation





2.3.2	TDD RIT
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No
Which test environments have been considered in the Evaluation Report? What is outcome of the evaluation?

	Test environment
	Does the Evaluation Report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation



2.4	Additional evaluation methodologies and assumptions
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2135-1 been used in evaluation?
 Yes	 No
Comments: The Open Area Rural Model with fixed terminals as proposed by TCOE India was evaluated. Based on this initial evaluation, it is concluded that the FDD RIT of the IMT‑Advanced candidate technology submission in Document IMT-ADV/6 will be able to provide broadband connectivity by means of a single base station over a large rural area of 20 km radius or more, using fixed terminals with rooftop antennas.
3	Evaluation Report
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		Final Evaluation report from WINNER+ on the IMT‑Advanced proposal in documents IMT-ADV/6,
IMT-ADV/8 and IMT-ADV/9







This contribution contains in Attachment 1 the final evaluation report from the Independent Evaluation Group WINNER+ (http://www.itu.int/oth/R0A06000006/en). The report contains a detailed analysis of the analytical, inspection and simulation characteristics defined in Report ITU‑R M.2134 using a methodology described in Report ITU-R M.2135(Rev.1). 


The WINNER+ evaluation targets the 3GPP LTE Release 10 & Beyond (LTE-Advanced) proposal contained in Document IMT-ADV/8 as well as the technically identical proposals in Documents IMT-ADV/6 and IMT-ADV/9.


The attached evaluation report consists of three Parts plus Annexes:


Part I: Administrative Aspects of WINNER+

Part II: Technical Aspects of the work in WINNER+

Part III: Conclusions 


Annex A: Analytical and inspection


Annex B: Detailed analysis of TDD RIT handover interruption time

Annex C: Cell and cell edge spectral efficiency


Annex D: Mobility


Annex E: VoIP capacity


Annex F: Link budget


Annex G: Channel model calibration material


Annex H: LTE Release 8 basic configuration calibration material


Annex I: Complementary evaluation of use case proposed by TCOE India


Parts I and II are structured according to the proposal from WP 5D, and a new Part III, Conclusions, has been added to provide an easy access to high level results of this report.


A comparison of evaluation results for IMT-ADV/8, IMT-ADV/6 and IMT-ADV/9 with the corresponding requirements can be found in the compliance templates provided in Section II-D.2. The evaluation results shown in Tables II.1 – II.3 constitute a compilation of results further described in the Annexes. 


Annex A contains the material for the characteristics requiring the analytical and inspection evaluation methods.


Annex B provides information on the TDD RIT handover interruption time.


The Annexes C, D and E contain both result summaries and details about each participating organisation’s system configuration and simulation setup used for the respective evaluations requiring system and link-level simulations.


Comments on link budget evaluation of RITs are provided in Annex F.


The Annexes G and H are given for information only and contain material relating to the calibration of the different organisations’ simulation tools. 


In Annex I, in response to the Liaison statement to Independent Evaluation Group (copy to IMT‑Advanced technology proponents) For Evaluation of candidate IMT-Advanced technology submissions to the Independent Evaluation Groups that was issued at the previous WP 5D meeting in Turin, some results are presented using the assumptions and path loss models that were proposed in contribution ITU-R 5D/657 from TCOE India, and called the Open Area Rural Model. It should be noted that these results do not currently have corresponding ITU-R requirements in the IMT‑Advanced process, and hence that they are only added as complementary information.


Attachment 1

Part I – Administrative aspects of WINNER+


I-1
Name of the Independent Evaluation Group


The Independent Evaluation Group is called WINNER+.


I-2
Introduction/background of WINNER+


The WINNER+ Independent Evaluation Group was launched by the European Eureka Celtic project WINNER+ in November 2008 by registration at ITU-R. This project is a follow-up research project of the European Union Framework Program 6 project WINNER.


This EU WINNER project started in January 2004 and continued up to December 2007. It was partially funded by the EU Commission. In a third phase the project continued as the Eureka Celtic project WINNER+ from April 2008 to the originally planned closing date June 2010. The closing date has recently been changed to October 2010 in order for WINNER+ to formally exist beyond the ITU-R WP 5D meeting in October 2010. 


The consortium comprised about 40 organisations in WINNER and nearly 30 organisations in WINNER+ with communication infrastructure manufacturers, network operators, R&D centres and universities from EU Member States, Canada, China and the US. Several international companies from North America and Japan with research facilities in Europe participated in WINNER. The composition of the consortia and project results are available at http://www.ist-winner.org/ and http://projects.celtic-initiative.org/WINNER+/.

The main original objective of the WINNER project was to develop a radio interface concept, the necessary physical layer and lower layer technologies and algorithms for IMT-Advanced based on the ITU-R requirements. ITU-R approved in 2003 Recommendation ITU-R M.1645 “Framework and overall objectives of the future development of IMT-2000 and systems beyond IMT-2000”, which was the basis for this project.


In addition to having developed radio technologies and concepts for IMT-Advanced, the WINNER project contributed in ITU-R WP 8F to the preparation of the ITU World Radiocommunication Conference 2007 (WRC-07).


The WINNER+ project has carried out research work on further optimisation and new concepts for IMT-Advanced. Based on the available expertise in IMT-Advanced radio technology, link- and system-level simulation tools, the consortium decided in 2008 to register at ITU-R as an Independent Evaluation Group for the evaluation of IMT-Advanced candidate technology proposals with a focus on the 3GPP LTE-based proposal.


This evaluation work is part of the project work plan, which allowed the Independent Evaluation Group WINNER+ to plan the necessary contributions by partners to the preliminary and final evaluation report.

This Group evaluated all 13 minimum requirements for IMT-Advanced systems according to Table II-1 by means of analytical, inspection and simulation activities in order to perform a full evaluation. For simulation purposes, simulators at different partner organisations have been calibrated in order to provide consistent results. Calibration results and the calibration approach have been published (cf. 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.

I-3
Method of work


WINNER+ is organised as a multi-party research project according to a commonly agreed plan and conducts its 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 via a web based tool;

–
participation in the ITU-R Correspondence Group dedicated to the IMT-Advanced evaluation topic.


In addition, WINNER+ has participated in a workshop organized by ITU-R WP 5D on October 15, 2009, a workshop organized by 3GPP on December 17-18, 2009 entitled “3GPP Workshop on LTE Release 10 and beyond (LTE-Advanced)”, and in a Workshop organized by IEEE on January 13, 2010 entitled “First IEEE 802.16 IMT-Advanced Evaluation Group Coordination Meeting”.

In the 3GPP Workshop in December 2009, WINNER+ presented the work method, intended work plan, channel model calibration status, and baseline system calibration assumptions.


WINNER+ has also participated in a second round of workshops organized by IEEE on May 17 2010 and by 3GPP on May 18 2010. Both workshops took place in Beijing. In the 3GPP Workshop, WINNER+ presented calibration results for a simple system configuration based on LTE Release 8. These simulations were not intended to render a true measure of LTE Release 8 performance or as an estimation of LTE Release 10 and beyond, but were performed as a step to increase the reliability of simulation results within WINNER+.


In order to ensure the reliability of the evaluation results, evaluated characteristics have been assessed by a plurality of partners in most cases and a careful calibration of computer simulation tools has taken place to ensure accurate results. Results from the channel model calibration and the basic LTE Release 8 system performance calibration are given in Annexes G and H, respectively.

Public information on the calibration work is available at the project’s internet home page listed in Section I-6.


The assessment of the proponent submission and self-evaluation has been carried out by analytical, inspection and simulation methods as required in Report ITU-R M.2135, see Table II-1 in Section II-A for details. During the course of the work, great emphasis has been given to reflect a realistic behaviour of the system under consideration, by modelling non-ideal aspects including, e.g., effects of channel estimation errors, CQI measurement errors and feedback delay as well as a correct modelling of the overhead in the system.

Some partners in WINNER+ are Members of 3GPP and have contributed to results in the 3GPP self-evaluation. It should be noted that most results in this Evaluation Report from these partners are not re-publications of such results; one of these partners has completely redesigned the simulation tool, and two partners have made enhancements, addition of functionalities and optimizations to their tools and made subsequent re-simulations. Hence, all partners have provided new results for the purpose of this Evaluation Report. 


It should be noted that the simulation results depend not only on the proposed technology standard, but also on proprietary know-how such as e.g. scheduling. The design choices and the amount of optimization that different organizations in WINNER+ have spent on these issues may result in slightly different system performance results, even though basic calibration indicates an alignment of the simulators themselves.

I-4
Administrative contact details


Dr. Werner Mohr
Email: werner.mohr@nsn.com

I-5
Technical contact details


Dr. Johan Nyström
Email: johan.nystrom@ericsson.com

I-5.1
List of editors


Dr. Johan Nyström
Email: johan.nystrom@ericsson.com

Dr. Marc Werner
Email: marc.werner@qualcomm.com

I-5.2
List of contributors

Krzysztof Bakowski (Poznan University of Technology)

Dr. Stefan Brueck (Qualcomm)


Daniel Bültmann (ComNets – RWTH Aachen University)


Jorge Cabrejas (iTEAM – Universidad Politécnica de Valencia)


Pascal Chauveau (Orange)


Thierry Clessienne (Orange)


Valeria D'Amico (Telecom Italia)


Jean-Philippe Desbat (Orange)


Dr. Georg Frank (Qualcomm)


Dr. Jochen Giese (Qualcomm)


Tuomas Haataja M.Sc. (Oulu University)


Karsten Klagges (ComNets – RWTH Aachen University)


Dr. Jouko Leinonen (Oulu University)


David Martin-Sacristán (iTEAM – Universidad Politécnica de Valencia)


Jose F. Monserrat (iTEAM – Universidad Politécnica de Valencia)


Maciej Mühleisen (ComNets – RWTH Aachen University)

Dr. Johan Nyström (Ericsson)


Dr. Afif Osseiran (Ericsson)


Harri Pennanen M.Sc. (Oulu University)


Dr. Ahmed Saadani (Orange)


Krystian Safjan (Nokia Siemens Networks)


Dr. Hendrik Schöneich (Qualcomm)


Dr. Matthias Siebert (Deutsche Telekom)


Per Skillermark (Ericsson)


Dr. Marc Werner (Qualcomm)


I-6
Other pertinent administrative information


WINNER+ homepage: 


http://projects.celtic-initiative.org/WINNER+/WINNER+%20Evaluation%20Group.html

This homepage contains public information about e.g. calibration work that WINNER+ has performed in order to ensure reliable simulation results.


I-7
Structure of this Report


The attached Evaluation Report consists of three Parts plus Annexes:


Part I: Administrative Aspects of WINNER+

Part II: Technical Aspects of the work in WINNER+

Part III: Conclusions

Annex A: Analytical and inspection


Annex B: Detailed analysis of TDD RIT handover interruption time

Annex C: Cell and cell edge spectral efficiency


Annex D: Mobility


Annex E: VoIP capacity


Annex F: Link budget


Annex G: Channel model calibration material


Annex H: LTE Release 8 basic configuration calibration material


Annex I: Complementary evaluation of use case proposed by TCOE India


Part II – Technical aspects of the work in WINNER+

II-A
Evaluated candidate technologies or portions of the candidate technologies 


In this report, results are presented for the SRIT proposal in ITU-R WP 5D Document IMT-ADV/8 consisting of a TDD RIT and a FDD RIT. The Evaluation Report treats analytical, inspection, and simulation evaluation.


It should be noted that technically this proposal is identical to the one in Document IMT-ADV/6 by Japan and the TDD RIT part is identical to Document IMT-ADV/9 by China. Hence, this evaluation report is valid also as an evaluation report for these proposals. In Table II-1 the evaluated characteristics are listed with reference to appropriate sections of this report.


TABLE II-1

Evaluated characteristics and respective methods

		Characteristic for evaluation

		Method

		Evaluation methodology/
configurations


Related Section in Report ITU-R M.2135

		Related Section
of Reports 
ITU-R M.2134 and 
ITU-R M.2133

		Results provided in this evaluation report



		Cell spectral efficiency

		Simulation 
(system level)

		Report ITU-R M.2135
§ 7.1.1, Tables 8-2, 8-4 and 8-5

		Report ITU-R M.2134, § 4.1

		Yes, See Section II-D.2 and Annex C



		Peak spectral efficiency

		Analytical

		Report ITU-R M.2135
§ 7.3.1, Table 8-3

		Report ITU-R M.2134, § 4.2

		Yes, See Section II-D.2 and Annex A



		Bandwidth

		Inspection

		Report ITU-R M.2135
§ 7.4.1

		Report ITU-R M.2134, § 4.3

		Yes, See Section II-D.2 and Annex A



		Cell edge user spectral efficiency

		Simulation 
(system level)

		Report ITU-R M.2135
§ 7.1.2, Tables, 8-2, 8-4 and 8-5

		Report ITU-R M.2134, § 4.4

		Yes, See Section II-D.2 and Annex C



		Control plane latency

		Analytical

		Report ITU-R M.2135
§ 7.3.2, Table 8-2

		Report ITU-R M.2134, § 4.5.1

		Yes, See Section II-D.2 and Annex A



		User plane latency

		Analytical

		Report ITU-R M.2135
§ 7.3.3; Table 8-2

		Report ITU-R M.2134, § 4.5.2

		Yes, See Section II-D.2 and Annex A



		Mobility

		Simulation 
(system and link level)

		Report ITU-R M.2135
§ 7.2, Tables 8-2 and 8-7

		Report ITU-R M.2134, § 4.6

		Yes, See Section II-D.2 and Annex D



		Intra- and inter-frequency handover interruption time

		Analytical

		Report ITU-R M.2135
§ 7.3.4, Table 8-2

		Report ITU-R M.2134, § 4.7

		Yes, See Section II-D.2 and Annexes A and B



		Inter-system handover

		Inspection

		Report ITU-R M.2135
§ 7.4.3

		Report ITU-R M.2134, § 4.7

		Yes, See Section II-D.2 and Annex A



		VoIP capacity

		Simulation 
(system level)

		Report ITU-R M.2135
§ 7.1.3, Tables 8-2, 8-4 and 8-6

		Report ITU-R M.2134, § 4.8

		Yes, See Section II-D.2 and Annex E



		Deployment possible in at least one of the identified IMT bands

		Inspection

		Report ITU-R M.2135
§ 7.4.2

		Report ITU-R M.2133, § 2.2 

		Yes, See Section II-D.2 and Annex A



		Channel bandwidth scalability

		Inspection

		Report ITU-R M.2135
§ 7.4.1

		Report ITU-R M.2134, § 4.3

		Yes, See Section II-D.2 and Annex A



		Support for a wide range of services

		Inspection

		Report ITU-R M.2135
§ 7.4.4

		Report ITU-R M.2133, § 2.1

		Yes, See Section II-D.2 and Annex A





In addition, evaluations of link budgets are provided in Annex F.


II-B
Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU‑R M.2135 (amended by Document IMT-ADV/3)

WINNER+ confirms that the evaluation guidelines provided in Report ITU-R M.2135 (amended by Document IMT-ADV/3) have been utilized. In addition, the clarification made on the peak spectral efficiency calculation method that was communicated to Independent Evaluation Groups in a “Liaison statement to Independent Evaluation Groups (copy to IMT-Advanced technology proponents) for evaluation of candidate IMT-Advanced technology submissions” from the previous WP 5D meeting has been taken into account.

II-C
Quality check per Report ITU-R M.2133 of the templates and the self‑evaluation for each candidate technology as indicated in Section II‑A

II-C.1
Identify gaps/deficiencies in submitted material and/or self-evaluation


In ITU-R WP 5D Documents IMT-ADV/6, IMT-ADV/8 and IMT-ADV/9, WP 5D acknowledges the receipt of the (technically identical) candidate technology submissions. WP 5D has reviewed these candidate submissions under the IMT-Advanced process and has determined that the submissions are “complete” per Section 4 of Report ITU-R M.2133.


WINNER+ agrees with the WP 5D view and also finds the submissions “complete” per Section 4 of Report ITU-R M.2133.


II-C.2
Identify areas requiring clarifications


Not applicable.


II-C.3
General questions


Not applicable.


II-D
Quantitative assessment


II-D.1
Detailed analysis/assessment and evaluation by the Independent Evaluation Group of the compliance templates submitted by the proponents per Report ITU-R M.2133 Section 4.2.4


See Parts II-D.2, and Annexes A-E of this Report.


II-D.2
Provide evaluators comments in the templates along with Independent Evaluation Group supporting documentation for such comments

In the tables below, a summary of Winner+ results is given as well as a statement whether they are consistent with those of the proponent in the self-evaluation. For simulation results, it is understood that simulation results cannot be exactly duplicated due to the Monte Carlo nature of the methodology. However, it can be expected that results for similar system setups should be close to each other. During the assessment work, great attention has been given to perform the evaluations under realistic operating conditions of the system under consideration.

TABLE II-2

Compliance template for services

		

		Service related minimum capabilities within the RIT/SRIT

		Evaluator’s comments



		4.2.4.1.1

		Support of a wide range of services


Does the proposal support a wide range of services?:


If bullets 4.2.4.1.1.1 - 4.2.4.1.1.3 are marked as "yes" then 4.2.4.1.1 is a "yes".


( Yes/ NO

		Conclusion valid for both TDD RIT and FDD RIT. See also Annex A.


The Winner+ conclusion is consistent with that of the proponent.



		4.2.4.1.1.1

		Ability to support basic conversational service class


Is the proposal able to support basic conversational service class?:


( Yes/ NO

		Conclusion valid for both TDD RIT and FDD RIT. See also Annex A.


The Winner+ conclusion is consistent with that of the proponent.



		4.2.4.1.1.2

		Support of rich conversational service class


Is the proposal able to support rich conversational service class?: 


( Yes/ NO

		Conclusion valid for both TDD RIT and FDD RIT. See also Annex A.


The Winner+ conclusion is consistent with that of the proponent.



		4.2.4.1.1.3

		Support of conversational low delay service class


Is the proposal able to support conversational low-delay service class?: 


( Yes/ NO

		Conclusion valid for both TDD RIT and FDD RIT. See also Annex A.


The Winner+ conclusion is consistent with that of the proponent.





TABLE II-3

Compliance template for spectrum

		

		Spectrum capability requirements



		4.2.4.2.1

		Spectrum bands


Is the proposal able to utilize at least one band identified for IMT?: 
( Yes / NO


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


See also Annex A


Operating Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

Duplex Mode

FUL_low   –  FUL_high

FDL_low   –  FDL_high

1

1920 MHz 

–

1980 MHz 

2110 MHz  

–

2170 MHz

FDD

2

1850 MHz 

–

1910  MHz

1930 MHz 

–

1990 MHz

FDD

3

1710 MHz 

–

1785 MHz

1805 MHz 

–

1880 MHz

FDD

4

1710 MHz

–

1755 MHz 

2110 MHz 

–

2155 MHz

FDD

5

824 MHz

–

849 MHz

869 MHz 

–

894MHz

FDD

6

830 MHz-

–

840 MHz-

865 MHz


–

875 MHz-

FDD

7

2500 MHz

–

2570 MHz

2620 MHz 

–

2690 MHz

FDD

8

880 MHz

–

915 MHz

925 MHz  

–

960 MHz

FDD

9

1749.9 MHz

–

1784.9 MHz

1844.9 MHz  

–

1879.9 MHz

FDD

10

1710 MHz

–

1770 MHz

2110 MHz 

–

2170 MHz

FDD

11

1427.9 MHz 

–

1447.9 MHz

1475.9 MHz  

–

1495.9 MHz

FDD

12

698 MHz

–

716 MHz

728 MHz

–

746 MHz

FDD

13

777 MHz

–

787 MHz

746 MHz

–

756 MHz

FDD

14

788 MHz

–

798 MHz

758 MHz

–

768 MHz

FDD

15

Reserved

Reserved

-

16

Reserved

Reserved

-

17

704 MHz 

–

716 MHz

734 MHz

–

746 MHz

FDD

18

815 MHz 

–

830 MHz

860 MHz

–

875 MHz

FDD

19

830 MHz 

–

845 MHz

875 MHz

–

890 MHz

FDD

20

832 MHz

–

862 MHz

791 MHz

–

821 MHz

FDD


21

1447.9 MHz

–

1462.9 MHz

1495.9 MHz

–

1510.9 MHz

FDD


22

3410 MHz

3500 MHz

3510 MHz

3600 MHz

FDD


...

33

1900 MHz

–

1920 MHz

1900 MHz

–

1920 MHz

TDD

34

2010 MHz

–

2025 MHz 

2010 MHz 

–

2025 MHz

TDD

35

1850 MHz 

–

1910 MHz

1850 MHz 

–

1910 MHz

TDD

36

1930 MHz 

–

1990 MHz

1930 MHz 

–

1990 MHz

TDD

37

1910 MHz 

–

1930 MHz

1910 MHz 

–

1930 MHz

TDD

38

2570 MHz 

–

2620 MHz

2570 MHz 

–

2620 MHz

TDD

39

1880 MHz 

–

1920 MHz

1880 MHz 

–

1920 MHz

TDD

40

2300 MHz 

–

2400 MHz

2300 MHz 

–

2400 MHz

TDD

41


3400 MHz


–


3600 MHz


3400 MHz


–


3600 MHz


TDD

The Winner+ conclusion is consistent with that of the proponent.







TABLE II-4

Compliance template for technical performance

		Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)

		Category

		Required value

		Value(2), (3)

Evaluated by Proponent

		Value(2), (3)

Evaluated by WINNER+

		Requirement met or exceeded according to WINNER+?

		Comments






		

		Test environment

		Downlink or uplink

		

		

		

		

		



		4.2.4.3.1
Cell spectral efficiency
(bit/s/Hz/cell)
(4.1)

		Indoor

		Downlink

		3

		TDD: 4.1-6.7 


FDD: 4.1-6.6

		TDD: 4.92

FDD: 4.10

		(
Yes

No

		See Annex C 






		

		

		Uplink

		2.25

		TDD: 3.1-3.5 


FDD: 3.3-5.8  

		TDD: 5.67

FDD: 6.06

		(
Yes

No

		



		

		Microcellular

		Downlink

		2.6

		TDD: 2.7-4.6 


FDD: 2.8-4.5  

		TDD: 2.75

FDD: 2.88

		(
Yes

No

		



		

		

		Uplink

		1.8

		TDD: 1.9-3.0 


FDD: 1.9-2.5  

		TDD: 2.35

FDD: 2.59

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		2.2

		TDD: 2.4-3.7 


FDD: 2.4-3.8  

		TDD: 2.31

FDD: 2.38

		(
Yes

No

		



		

		

		Uplink

		1.4

		TDD:1.5-2.7  


FDD: 1.5-2.1  

		TDD:1.81

FDD: 2.94

		(
Yes

No

		



		

		High speed

		Downlink

		1.1

		TDD:1.6-2.6  


FDD: 1.8-4.1 

		TDD: 2.67

FDD: 3.15

		(
Yes

No

		



		

		

		Uplink

		0.7

		TDD:1.8-2.6  


FDD: 1.8-2.3  

		TDD: 2.19

FDD: 2.38

		(
Yes

No

		



		4.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)

		Not applicable

		Downlink

		15

		TDD: 16.0 


FDD: 16.3 

		TDD: 15.8 


FDD: 16.3  

		(
Yes

No

		See Annex A


WINNER+ assessment is consistent with that of the proponent. 



		

		

		Uplink

		6.75

		TDD: 8.1 


FDD:8.4  

		TDD: 7.9 


FDD: 8.4

		(
Yes

No

		



		4.2.4.3.3
Bandwidth
(4.3)

		Not applicable

		Up to and including
(MHz)

		40

		TDD, FDD: See [36.912] sub clause 16.6.2

		TDD,FDD: Carrier aggregation of 20 MHz carriers allows for 40 MHz and higher

		(
Yes

No

		See Annex A


WINNER+ evaluation agrees with the proponent’s



		

		

		Scalability

		Support of at least three bandwidth values(4)

		TDD: FDD: See [36.912] sub clause 16.6.2

		TDD, FDD: Support of 1.4, 3, 5, 10, 15 and 20 MHz bandwidth values

		(
Yes

No

		See Annex A


WINNER+ evaluation agrees with the proponent’s.



		4.2.4.3.4
Cell edge user spectral efficiency (bit/s/Hz)
(4.4)

		Indoor

		Downlink

		0.1

		TDD: 0.19-0.24  


FDD: 0.19-0.26 

		TDD: 0.149

FDD: 0.173

		(
Yes

No

		See Annex C






		

		

		Uplink

		0.07

		TDD: 0.22-0.39  


FDD: 0.23-0.42  

		TDD: 0.413 

FDD: 0.442

		(
Yes

No

		



		

		Microcellular

		Downlink

		0.075

		TDD: 0.085-0.12  


FDD: 0.087-0.15  

		TDD: 0.085

FDD: 0.089

		(
Yes

No

		



		

		

		Uplink

		0.05

		TDD:0.068-0.079

FDD:0.073-0.086

		TDD: 0.114 

FDD: 0.127

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		0.06

		TDD: 0.067-0.10  


FDD: 0.066~0.10  

		TDD: 0.067

FDD: 0.067

		(
Yes

No

		



		

		

		Uplink

		0.03

		TDD:0.062-0.097  


FDD:0.062~0.099

		TDD: 0.084 

FDD: 0.092

		(
Yes

No

		



		

		High speed

		Downlink

		0.04

		TDD:0.049~0.12  


FDD: 0.057~0.13  

		TDD: 0.083

FDD: 0.091

		(
Yes

No

		



		

		

		Uplink

		0.015

		TDD: 0.080~0.15 


FDD: 0.082~0.13    

		TDD: 0.106 

FDD: 0.117

		(
Yes

No

		



		4.2.4.3.5
Control plane latency
(ms)
(4.5.1)

		Not applicable

		Not applicable

		Less than 100 ms

		TDD: 50 ms


FDD: 50 ms 

		TDD: <100ms


FDD: <100ms 

		(
Yes

No

		See Annex A






		4.2.4.3.6
User plane latency
(ms)
(4.5.2)

		Not applicable

		Not applicable

		Less than 10 ms

		TDD 4.9 ms:


FDD:4 ms

		TDD: <10ms


FDD: <10ms

		(
Yes

No

		See Annex A






		4.2.4.3.7
Mobility classes
(4.6)

		Indoor

		Uplink

		Stationary, pedestrian

		

		TDD,FDD:  Stationary, pedestrian

		(
Yes

No

		See Annex D


No explicit statement by proponent.  Report ITU-R M.2134 states that these classes are supported when the corresponding Traffic channel link data rates below are fulfilled.



		

		Microcellular

		Uplink

		Stationary, pedestrian, vehicular up to 30 km/h

		

		TDD, FDD: Stationary, pedestrian, vehicular up to 30 km/h

		(
Yes

No

		



		

		Base coverage urban

		Uplink

		Stationary, pedestrian, vehicular

		

		TDD,FDD: Stationary, pedestrian, vehicular

		(
Yes

No

		



		

		High speed

		Uplink

		High speed vehicular, vehicular

		

		TDD, FDD: High speed vehicular, vehicular  

		(
Yes

No

		



		4.2.4.3.8
Mobility
Traffic channel link data rates (bit/s/Hz)
(4.6)




		Indoor

		Uplink

		1.0

		TDD: 2.63- 3.11 


FDD: 2.56-3.15 

		TDD: >2 


FDD: >2 

		(
Yes

No

		See Annex D


The WINNER+ values are of the same order of magnitude as the proponent’s. For Indoor, WINNER+ only provides a lower bound 



		

		Microcellular

		Uplink

		0.75

		TDD: 1.14- 1.48 


FDD:1.21-1.42  

		TDD: 1.2  


FDD: 1.27  

		(
Yes

No

		



		

		Base coverage urban

		Uplink

		0.55

		TDD: 0.95- 1.36  


FDD:1.08-1.36  

		TDD: 1.3 


FDD::1.36

		(
Yes

No

		



		

		High speed

		Uplink

		0.25

		TDD: 1.03- 1.38  


FDD:1.22-1.45  

		TDD: 1.4


FDD: 1.42

		(
Yes

No

		



		4.2.4.3.9
Intra-frequency hand-over interruption time
(ms)
(4.7)

		Not applicable

		Not applicable

		27.5

		TDD: 10.5 ms in self-evaluation


12.5 ms in clarification.

FDD:10.5 ms

		TDD: 12.5 ms


FDD: 10.5 ms

		(
Yes

No

		See Annexes A and B


TDD clarification made in Correspondence Group



		4.2.4.3.10
Inter-frequency handover interruption time within a spectrum band (ms)
(4.7)

		Not applicable

		Not applicable

		40

		TDD:10.5 ms in self-evaluation


12.5 ms in clarification.

FDD:10.5 ms

		TDD: 12.5 ms


FDD: 10.5 ms

		(
Yes

No

		See Annexes A and B 


TDD clarification made in Correspondence Group



		4.2.4.3.11
Inter-frequency handover interruption time between spectrum bands (ms)
(4.7)

		Not applicable

		Not applicable

		60

		TDD: 10.5 ms in self-evaluation


12.5 ms in clarification.

FDD:10.5 ms

		TDD: 12.5 ms


FDD: 10.5 ms

		(
Yes

No

		See Annexes A and B 


TDD clarification made in Correspondence Group



		4.2.4.3.12
Inter-system handover


(4.7)

		Not applicable

		Not applicable

		Not applicable

		TDD, FDD: See 4.2.3.2.5.1 in characteristics template

		TDD, FDD: Inter system handover is supported

		(
Yes

No

		See Annex A

WINNER+ evaluation agrees with the proponent’s



		4.2.4.3.13
Number of supported VoIP users (active users/ sector/MHz)
(4.8)

		Indoor

		As defined in Report ITU-R M.2134

		50

		TDD: 130-137 


FDD:131-140  

		TDD: 139


FDD: 148 

		(
Yes

No

		See Annex E



		

		Microcellular

		As defined in Report ITU-R M.2134

		40

		TDD:74  


FDD:74-80  

		TDD: 70


FDD: 83

		(
Yes

No

		



		

		Base coverage urban

		As defined in Report ITU-R M.2134

		40

		TDD:64-67  


FDD:68-69  

		TDD: 65


FDD: 66

		(
Yes

No

		



		

		High speed

		As defined in Report ITU-R M.2134

		30

		TDD:86-92  


FDD:91-94  

		TDD: 78


FDD: 94

		(
Yes

No

		



		(1) 

As defined in Report ITU-R M.2134.


(2) 

According to the evaluation methodology specified in Report ITU-R M.2135.


(3)

Mandatory when “no” is checked, optional when “yes” is checked.


(4)

Refer to Report ITU-R M.2135, § 7.4.1.





II-D.3
Detailed analysis of the proponent’s self-evaluation by the Independent Evaluation Group


See Section II-D.2, and Annexes A-E this Report.


II-E
Questions and feedback to WP 5D and/or the proponents or other Independent Evaluation Groups


WINNER+ has posed questions to 3GPP related to the handover interruption time calculations for the TDD RIT in the ITU-R STG-5 Correspondence Group. Answers from 3GPP to WINNER+ have been provided to the full satisfaction of WINNER+. The answers provided more insight into the calculations of handover interruption time and the dependency on choice of configuration and choice of RACH scheduling pattern method.


This topic is treated in more detail in Annex A-5.


Part III – Conclusion


III-1
Completeness of submission


WINNER+ finds that the submission in ITU-R WP 5D Documents IMT-ADV/6, IMT-ADV/8 and IMT-ADV/9 are “complete” per Section 4 of Report ITU‑R M.2133.


III-2
Compliance with requirements


These are the main conclusions based on the compliance templates in Section II-D.2 of the WINNER+ evaluation of the proposal. In Table III-1 below, it is shown that WINNER+ has confirmed the proponent’s claims relating to IMT-Advanced requirements. 


TABLE III-1

WINNER+ assessment of compliance with requirements

		Characteristic for evaluation

		FDD RIT: WINNER+ assessment 

		TDD RIT: WINNER+ assessment 



		Peak spectral efficiency

		Requirements fulfilled

		Requirements fulfilled



		Bandwidth

		Requirements fulfilled

		Requirements fulfilled



		Control plane latency

		Requirements fulfilled

		Requirements fulfilled



		User plane latency

		Requirements fulfilled

		Requirements fulfilled



		Intra- and inter-frequency (between and within spectrum band) handover interruption time

		Requirements fulfilled

		Requirements fulfilled



		Inter-system handover

		Requirements fulfilled

		Requirements fulfilled



		Deployment possible in at least one of the identified IMT bands

		Requirements fulfilled

		Requirements fulfilled



		Channel bandwidth scalability

		Requirements fulfilled

		Requirements fulfilled



		Support for a wide range of services

		Requirements fulfilled

		Requirements fulfilled



		Cell spectral efficiency

		Requirements fulfilled for all four test environments

		Requirements fulfilled for all four test environments



		Cell edge user spectral efficiency

		Requirements fulfilled for all four test environments

		Requirements fulfilled for all four test environments



		Mobility

		Requirements fulfilled for all four test environments

		Requirements fulfilled for all four test environments



		VoIP Capacity

		Requirements fulfilled for all four test environments

		Requirements fulfilled for all four test environments





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.


III-3
Number of test environments meeting all IMT-Advanced requirements


As shown in this report, WINNER+ has found that the FDD RIT fulfils the IMT-Advanced requirements in all four of the test environments and hence fulfils at least three.


The report further shows that WINNER+ has found that the TDD RIT fulfils the IMT-Advanced requirements in all four of the test environments and hence fulfils at least three.

Consequently, according to WINNER+ evaluations the SRIT consisting of the FDD RIT and the TDD RIT fulfils the IMT-Advanced requirements in all four test environments and hence fulfils at least three. 

III-4
Conclusion of link budget analysis


WINNER+ concludes that the proponent has provided the required information relating to link budgets for all four test environments for both the TDD RIT and the FDD RIT. Details are given in Annex F.

III-5
Final conclusions

WINNER+ confirms that the 3GPP LTE Release 10 & Beyond (LTE-Advanced) proposal satisfies all the IMT-Advanced requirements. 

Annex A

Analytical and inspection

A-1
Peak spectral efficiency 


The peak spectral efficiency figures have been calculated from a standpoint of available physical resources in the frame structure from which we subtract the resources needed for physical layer overhead specified in Report ITU‑R M.2134 Section 4.2 (physical layer synchronization, reference signals, guard bands and guard times). The remaining resources are then assumed utilised with unity channel coding rate and as high modulation rate as the proposal allows.

A-1.1
Basic parameters

–
20 MHz bandwidth that encompasses 1 200 sub carriers and thus 100 RB in frequency domain. (In fact, these 1 200 carriers only cover 18 MHz with remaining 2 MHz used as guard band for the purpose of calculation.)

–
1 resource block (RB) pair is a set of resource elements (RE) encompassing 12 (subcarriers) *14 (OFDM symbols) modulation symbols. Time wise this corresponds to one sub frame or 1/10th of a frame duration. Frequency wise this corresponds to a 1/100th of the bandwidth.

–
PBCH/SS occupies a total of 528 resource elements per 10 ms radio frame for DL 4‑layer spatial multiplexing, or 564 RE for DL 8-layer multiplexing.


–
The modulation is assumed to be 64 QAM modulation (6 bits per symbol). 


–
Since error-free assumptions can be assumed we use channel coding rate = 1. 


–
14 symbols/sub frame or 140 symbols per 10 ms frame or 1 000 subframes per second.

–
2, 4, or 8 layer spatial multiplexing.

Figure A-1 depicts the main parameters and the RE structure.

Figure A-1


Basic time-frequency structure



[image: image2.emf] 


RE  


12 carriers  


14 symbols   RB=12x14 RE  


1200  carriers  


Sub carrier (frequency)   domain  


Symbol (Time)   domain  


140 symbols per 10 ms frame  




In addition, for TDD RIT the following is assumed:

–
UL/DL configuration 1 (2 DL subframes:1SP:2UL subframes), where SP denotes a special subframe. This thus covers 5 subframes or 5 ms;

–
special-subframe configuration 4: 12 DwPTS symbols + 1 guard period (GP) symbol +1 UpPTS symbol;

–
thus 2*14+12 symbols are used for DL per 5 ms period or 80 symbols per 10ms frame;

–
for UL, 2*14+1 symbols are used for UL per 5 ms period or 58 symbols per 10 ms frame, but the two UpPTS symbols are not used for transmitting useful data so we count with 56 symbols in the TDD UL data rate calculations;

–
the remaining 140-80-58=2 symbols are guard symbols are not used in either direction in the data rate calculations. They are however, included in the “time for transmission” calculations.

Figure A-2 shows the TDD sub frame configuration used in the analysis.

Figure A-2


Assumed TDD slot structure and special sub frame structure
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For FDD is makes sense to consider the transmission resources in 14 consecutive symbols (one subframe), and for TDD either the 80 DL transmission symbols or the 58 UL transmission symbols depending on direction, corresponding to the DL and UL part of a frame, respectively.


For each case the fractional overhead (OH) per RE is calculated for different types of control signaling or reference symbols and added together. Then, the total available instantaneous data rate in 20 MHz and the DL period in question is formulated by multiplying with the number of available transmission REs in question, the number of antenna layers, and the code rate. Then, the peak spectral efficiency is calculated and normalized with respect to bandwidth and time used for transmission (taking into account TDD transmission times in TDD case). 


The TDD transmission time is calculated using not 80 DL or 58 UL symbols, but rather using 81 and 59 symbols, respectively. This is done in order to take into account also the two guard symbols and WINNER+ has thus somewhat arbitrarily divided that guard time equally between DL and UL. 


Some types of overhead are not present in all subframes. As an example, if some overhead is present in say only x out of ten sub frames, this is visible as a factor x/10 in the calculations to provide an average overhead fraction over a “random” RE.

A-1.2
Downlink


A-1.2.1
FDD RIT


In FDD mode frame structure type 1 is used. Uplink and downlink are separated in the frequency domain. Each frame is 10 ms long and consists of 10 subframes each with a 1 ms duration. Each subframe consists of 2 slots with a 0.5 ms duration. With normal cyclic prefix one slot equals the duration of 7 resource elements in time domain. Each resource element contains one OFDM symbol. One resource block has a length of one slot in time domain and 12 subcarriers in frequency domain. The subcarrier spacing is 15 kHz. One resource block pair has a length of two resource blocks in time domain and one resource block in frequency domain.

For a bandwidth of 20 MHz 100 resource blocks are used in the frequency domain. Each resource block has a frequency width of 12 resource elements. Each resource element uses a bandwidth of 15 kHz. This results in a bandwidth of 100*12*15 kHz = 18 MHz which can actually be used for transmission. The remaining bandwidth of 20 MHz – 18 MHz = 2 MHz is assumed to be guard band.


The resource elements not carrying data are used for the reference signals (DL-RS), the broadcast channel (PBCH), for synchronization (SCH), and for L1/L2 control signalling (including PCFICH carrying control format indicator (CFI), PHICH carrying HARQ indicator (HI) and PDCCH carrying downlink control indicator (DCI)). 


–
DL-RS


A 4 x 4 antenna configuration is assumed. Cell-specific reference signals (CRS) corresponding to four cell-specific antenna ports are used. For this configuration 24 reference symbols are used per resource block pair.


–
PBCH


The PBCH is transmitted every 10 ms in the first 4 OFDM symbols in the second slot of the first subframe and over the middle 6 resource blocks excluding 8 resource elements per resource block which are reserved for the reference signals. Its TTI is 40 ms, but the same information is repeated in all 4 frames of the TTI in 4 bursts to enable soft combining and enhance the demodulation performance. Every 10 ms burst is self‑decodable. Overall, there are 6*(4*12-8) = 240 resource elements per frame which are reserved for PBCH.


–
SCH


The SCH carries the synchronization signals (SS) PSS and SSS for frequency and timing acquisition and for physical layer ID determination, respectively. The PSS is transmitted in the fifth OFDM symbol in the first slot of each half-frame, i.e., twice a frame over the middle 6 resource blocks. The SSS is transmitted in the sixth OFDM symbol in the first slot of each half-frame, i.e., twice a frame over the middle 6 resource blocks. There is no overlapping with reference signals, i.e., in all 6 resource blocks the whole bandwidth is used for PSS and SSS without interruption. Overall, there are 2*6*12 = 144 resource elements per frame which are reserved for PSS and the same amount for SSS which results in 2*144 = 288 resource elements which are reserved for SCH.


–
L1/L2 control signaling


One symbol L1/L2 control is assumed. In a realistic system where many users are to be supported, more symbols would be needed. For determination of peak spectral efficiency only one user is assumed. In this case the one symbol assumption is feasible. In each subframe the first OFDM symbol of all resource blocks is used spanning the entire system band excluding 4 resource elements per resource block which are reserved for the reference signals.


Table A-1


FDD RIT downlink peak spectral efficiency

		FDD DL 4-layer



		Calculation component

		Calculation

		Explanation



		L1/L2 control OH fraction

		1200/(1200*14)

		One full symbol per subframe is used.



		CRS OH fraction

		20*100/(1200*14)

		20 RE per RB in freq domain, once per subframe. The RE per RB carrying reference signals at positions already considered for L1/L2 control OH fraction are taken out to prevent double consideration.



		SS/PBCH fraction

		528/(1200*14*10)

		240 + 288 = 528 RE every 10th subframe



		Sum OH fraction f

		f = 1200/(1200*14) +


20*100/(1200*14)+ 


528/(1200*14*10)

		Summing up the fractions per RE



		Peak spectral efficiency

		1200*14*6*4*1*


(1-f)*


1000/20000000 = 


16.3 bps/Hz

		Number of RE x bits/RE * no of layers and scaling with bandwidth and subframes per second



		FDD DL 8-layer



		Calculation component

		Calculation

		Explanation



		L1/L2 control OH fraction

		1200/(1200*14)

		One full symbol per subframe is used



		CRS OH fraction

		(6*100/(1200*14)) *(4/10)

		6 RE per RB in freq domain, but only in 4 out 10 consecutive subframes



		SS/PBCH fraction

		564/(1200*14*10)

		564 RE every 10th subframe



		DRS fraction

		24*100/(1200*14)

		24 symbols per RB in freq domain per subframe



		CSI-RS

		0.0096

		Details not yet specified, but agreement in 3GPP not to exceed 0.0096



		Sum OH fraction f

		f = 1200/(1200*14) +


0.4*6*100/(1200*14)+ 


564/(1200*14*10) +


24*100/(1200*14) +


0.0096

		Summing up the fractions per RE



		Peak spectral efficiency

		1200*14*6*8*1*


(1-f)*


1000/20000000 = 


30.6 bps/Hz

		Number of RE x bits/RE*no of layers and scaling with bandwidth and subframes per second





A-1.2.2
TDD RIT


For the TDD RIT calculation a frame structure type 2 is used. Uplink and downlink are separated in the time domain. Frame, subframe and slot duration are the same as for the FDD RIT. Resource blocks and resource block pairs are of the same size as in the FDD RIT.


For uplink downlink separation in time domain some subframes are reserved for downlink transmission and some are reserved for uplink transmission. In addition to that special subframes are used which contain the three fields DwPTS, GP and UpPTS. DwPTS is used for downlink, GP is a guard period, and UpPTS is used for uplink. 


How many downlink subframes, uplink subframes and special subframes are used is defined by the uplink-downlink configuration. There exist 7 uplink-downlink configurations with different numbers of uplink and downlink subframes per frame and with downlink-to-uplink switch-point periodicities of 5 ms (half-frame periodicity) and 10 ms (frame periodicity). 


In the self-evaluation report uplink-downlink configuration 1 is assumed. This configuration has a half-frame periodicity with 4 downlink subframes, 4 uplink subframes and 2 special subframes per frame. The lengths of the three special subframe fields in the SP subframes are defined by the special subframe configuration. 


For normal cyclic prefix there exist 9 special subframe configurations with different DwPTS, GP and UpPTS lengths. In the self-evaluation report special subframe configuration 4 is assumed. In this configuration 12 symbol durations are used for DwPTS, one symbol duration is used for UpPTS and the remaining symbol duration serves as GP. This is the smallest possible GP duration. The specifications allow for longer GP to support larger cell sizes.


As opposed to FDD RIT one has to distinguish between different subframe types. Both downlink subframes and special subframes carry data but the overhead calculation is different.


•
Downlink Subframes: Four subframes per frame are downlink subframes. The resource elements to be subtracted for peak spectral efficiency calculation are listed below.


· DL-RS
As in FDD mode 24 symbols per resource block pair are used as reference signal. 


· PBCH
This is the same as in the FDD RIT. Note that the first subframe is always a downlink subframe, independent of the uplink-downlink configuration. So the value of 6*(4*12-8) = 240 resource elements also holds independent of this type of configuration.


· SCH
There is no PSS. For SSS the symbol positions are different but the amount of 2*6*12 = 144 stays the same than in FDD mode.


· L1/L2 control signalling
According to the self-evaluation report assumptions one symbol duration per subframe is used for L1/L2 control signalling.


•
Special Subframes: Two subframes per frame are special subframes. The DwPTS field is used for downlink transmission. The resource elements to be subtracted for peak spectral efficiency calculation are listed below. The remaining resource elements are used for data transmission.


· DL-RS
Although the DwPTS duration does not span the whole subframe, all reference signal positions are within that duration. The last two symbols of a subframe are not used for DL-RS. Therefore the CRS overhead fraction is the same than for the downlink subframes.


· PBCH
There is no PBCH.


· SCH


· For PSS the symbol positions are different but the amount of 2*6*12 = 144 stays the same than in FDD mode. There is no SSS.


· L1/L2 control signaling: According to the self-evaluation report assumptions one symbol duration per subframe is used for L1/L2 control signalling.

Table A-2


TDD RIT downlink peak spectral efficiency

		TDD DL 4-layer



		Calculation component

		Calculation

		Explanation



		DL subframes per frame

		6

		2 full DL subframes + 1 special, repeated twice 



		L1/L2 control OH fraction

		6*1200/(1200*80)

		One full symbol per DL subframe is used



		CRS OH fraction

		6*20*100/(1200*80)

		20 RE per RB in frequency domain, once per DL subframe. The 4 RE per RB carrying reference signals at positions already considered for L1/L2 control OH fraction are taken out to prevent double consideration.



		SS/PBCH fraction

		528/(1200*80)

		240 + 288 = 528 RE per frame



		Sum OH fraction f

		f=6*1200/(1200*80) +


6*20*100/(1200*80) +


528/(1200*80)

		Summing up the fractions per RE






		DL transmission time in one frame

		81/140 * 10 ms = 0.00579 s

		Here we use 81 to take into account guard symbols in special subframe



		Peak spectral efficiency

		1200*80*6*4*1*


(1-f)


/(0.00579*20000000) = 
15.8 bps/Hz

		Number of RE x bits/RE*no of layers and scaling with bandwidth and DL transmission time per second



		TDD DL 8-layer



		Calculation component

		Calculation

		Explanation



		DL subframes per frame

		6

		2 full DL subframes + 1 special, repeated twice 



		L1/L2 control OH fraction

		6*1200/(1200*80)

		One full symbol per DL subframe is used



		CRS OH fraction

		6*100*4/(6*1200*80)

		6 RE per RB in frequency domain, but only in 4 out 6 consecutive DL subframes



		SS/PBCH fraction

		564/(1200*80)

		564 RE per frame



		DRS fraction

		6*24*100/(1200*80)

		24 symbols per RB in frequency domain per DL subframe



		Sum OH fraction f

		f=6*1200/(1200*80) +


6*100*4/(6*1200*80) +


6*24*100/(1200*80) +


564/(1200*80)

		Summing up the fractions per RE we get 



		DL transmission time in one frame

		81/140 * 10 ms = 0.00579 s

		Here we use 81 to take into account guard symbols in special subframe



		Peak spectral efficiency

		1200*80*6*8*1*


(1-f)


/(0.00579*20000000) = 30.5 bps/Hz

		Number of RE x bits/RE*no of layers and scaling with bandwidth and DL subframes per second





Table A-3 shows the proponent claims and the WINNER+ assessment result for downlink peak spectral efficiency. 

Table A-3


Summary of downlink peak spectral efficiency results

		Scheme

		FDD RIT


Spectral efficiency [b/s/Hz]

		TDD RIT


Spectral efficiency [b/s/Hz]



		ITU Requirement

		15

		15



		Proponent claim for
Rel 8 4-layer spatial multiplexing

		16.3

		16.0



		WINNER+ assessment

		16.3

		15.8



		Proponent claim for 
Rel-8 8-layer spatial multiplexing

		30.6

		30.0



		WINNER+ assessment

		30.6

		30.5





It can be concluded that the proponent’s claims for requirement fulfilment for DL peak spectral efficiencies for both TDD RIT and FDD RIT are verified.

A-1.3
Uplink


A-1.3.1
FDD RIT


The resource elements not carrying data are used for the reference signals (DM-RS), the physical uplink control channel (PUCCH), and the physical random access channel (PRACH). 


•
PUCCH
The PUCCH carries uplink control information (UCI). PUCCH uses one resource block in each of the two slots in a subframe. According to the 3GPP self-evaluation report 2 resource block pairs per subframe are assumed for PUCCH.


•
PRACH
The PRACH is used when the UE and the eNB are not synchronized. Synchronization on the uplink is important to maintain the orthogonality of users, which minimizes uplink intra‑cell interference. According to the 3GPP self-evaluation report 6 resource block pairs per frame are assumed for PRACH.


•
DM-RS (DRS)
The demodulation reference signal (DM-RS, DRS) is multiplexed in time with other channels such as PUSCH and PUCCH. Its purpose is to enable channel estimation for uplink coherent demodulation/detection of the uplink control and data channels. The physical uplink shared channel (PUSCH) is used for UL data, but the PUSCH may also carry ACK/NAK for DL data and CQI/PMI/RI. In each time slot one symbol duration is dedicated to DM-RS. Due to the single carrier waveform used in UL the whole bandwidth used for PUSCH can not carry data during that DM-RS time period. With normal cyclic prefix this results in one out of seven symbols. Therefore the data rate of PUSCH is reduced by a factor of 6/7.


Table A-4

FDD RIT uplink peak spectral efficiency

		FDD UL 2-layer



		Calculation component

		Calculation

		Explanation



		PUCCH OH fraction

		0.02

		2 of 100 RBs are fully used for PUCCH in frequency domain.



		DRS OH fraction f2

		f2 = 1/7

		2 symbols per subframe in part of band not used by PUCCH or PRACH.



		PRACH OH fraction

		0.006

		6 out of 100 RBs are used for PRACH in frequency domain, in one out of ten subframes.



		Sum OH fraction f

		f = (0.02+0.006)

		Summing up the fractions per RE.



		Peak spectral efficiency

		1200*14*6*2*1*


(1-f)*(1-f2)*


1000/20000000 = 


8.4 bps/Hz

		Number of RE x bits/RE * no of layers and scaling with bandwidth and subframes per second. Note the factor (1-f)*(1-f2) coming from the fact that DRS is only to be considered for non‑PUCCH/PRACH part of band.



		FDD UL 4-layer



		Calculation component

		Calculation

		Explanation



		PUCCH OH fraction

		0.02

		2 of 100 RBs are fully used for PUCCH in frequency domain.



		DRS OH fraction f2

		f2 = 1/7

		2 symbols per subframe in part of band not used by PUCCH or PRACH.



		PRACH OH fraction

		0.006

		6 out of 100 RBs are used for PRACH in frequency domain, 10% of the time.



		Sum OH fraction f

		f = ( 0.02+0.006)

		Summing up the fractions per RE



		Peak spectral efficiency

		1200*14*6*4*1*


(1-f)*(1-f2)*


1000/20000000 = 


16.8 bps/Hz

		Number of RE x bits/RE * no of layers and scaling with bandwidth and subframes per second. Note the factor (1-f)*(1-f2) coming from the fact that DRS is only to be considered for non‑PUCCH/PRACH part of band.





A-1.3.2
TDD RIT


For PUCCH overhead, 2 resource block pairs per subframe are used. For PRACH overhead 6 resource block pairs per frame are used. Due to DM-RS the data rate is reduced by a factor of 6/7. 


Additional overhead is due to SRS in UpPTS with a duration of one symbol in the special subframe. The UpPTS field carries no data.


Table A-5


TDD RIT uplink peak spectral efficiency

		TDD UL 2-layer



		Calculation component

		Calculation

		Explanation



		PUCCH OH fraction

		0.02

		2 of 100 RBs are fully used for PUCCH in frequency domain.



		DRS OH fraction f2

		f2 = 2/14 =1 /7

		2 symbols per subframe in part of band not used by PUCCH or PRACH.



		PRACH OH fraction

		0.015

		6 out of 100 RBs are used for PRACH in frequency domain, in one of four UL subframes



		Sum OH fraction f

		f = (0.02+0.015)

		Summing up the fractions per RE.



		UL transmission time in one frame

		59/140 * 10 ms = 0.00421s

		Here we use 59 to take into account guard symbols in special subframe.



		Peak spectral efficiency

		1200*56*6*2*1*


(1-f)*(1-f2)/


(0.00421*20000000) = 7.9 bps/Hz

		Number of RE x bits/RE * no of layers and scaling with bandwidth and UL transmission time. Note the factor (1-f)*(1-f2) coming from the fact that DRS is only to be considered for non‑PUCCH/PRACH part of band.



		TDD UL 4-layer



		Calculation component

		Calculation

		Explanation



		PUCCH OH fraction

		0.02

		2 of 100 RBs are fully used for PUCCH in frequency domain.



		DRS OH fraction f2

		f2 = 2/14 = 1/7

		2 symbols per subframe in part of band not used by PUCCH or PRACH. 



		PRACH OH fraction

		0.015

		6 out of 100 RBs are used for PRACH in frequency domain, in one of four UL subframes.



		Sum OH fraction f

		f = (0.02+0.015)

		Summing up the fractions per RE.



		UL transmission time in one frame

		59/140 * 10 ms = 0.00421s

		Here we use 59 to take into account guard symbols in special subframe.



		Peak spectral efficiency

		1200*56*6*4*1*


(1-f)*(1-f2)/


(0.00421*20000000) = 15.8 bps/Hz

		Number of RE x bits/RE * no of layers and scaling with bandwidth and DL transmission time. Note the factor (1-f)*(1-f2) coming from the fact that DRS is only to be considered for non-PUCCH/PRACH part of band.





Table A-6 contains uplink peak spectral efficiency values for the TDD RIT as evaluated by WINNER+ and stated by the proponent.


Table A-6


Summary of uplink peak spectral efficiency results

		Scheme

		FDD RIT
Spectral efficiency [b/s/Hz]

		TDD RIT
Spectral efficiency [b/s/Hz]



		ITU Requirement

		6.75

		6.75



		Proponent claim for 
Rel-8 2-layer spatial multiplexing

		8.4

		8.1



		WINNER+ assessment

		8.4

		7.9



		Proponent claim for 
Rel-8 4-layer spatial multiplexing

		16.8

		16.1



		WINNER+ assessment

		16.8

		15.8





A-1.4
Observations


Report ITU-R M.2135 Section 7.3.1 says that Layer 1 overhead should be taken into account when evaluating the peak spectral efficiency. This was further clarified at the previous ITU-R WP 5D meeting in Turin and in a Liaison Statement to the Independent Evaluation Groups.


In the above calculations, the term “L1/L2 OH” (for DL) or PUCCH (for UL) contains some Layer 2 overhead. The reason for including it is that the amount is configuration dependent and has a very limited impact on the final results and leads to a clearer presentation. For the sake of clarity we use this convention, well aware that our results thus constitute slightly lower bounds to the values calculated taking into account only Layer 1 overhead.


Another observation is that the results for the DL 8-Layer and the UL 4-layer cases are for information only since Report ITU-R M.2135 specifies a maximum of 4 DL transmission antennas and 2 UL transmission antennas. The proponent submitted results for these cases, and they were evaluated by WINNER+ as well, since they indicate performance when the more complex schemes are used. Such information might be useful for WP5D in the decision process.


WINNER+ concludes that peak spectral efficiency requirements for both DL and UL for both TDD RIT and FDD RIT are verified for the maximum antenna configuration specified in Report ITU‑R M.2135.


A-2
Bandwidth & channel bandwidth scalability


In both the FDD RIT and the TDD RIT, according to the submitted proposal, one component carrier supports the following bandwidths, 1.4, 3, 5, 10, 15 and 20 MHz. 


In order to achieve higher bandwidths, it is possible to aggregate multiple component carriers. In this way wider transmission bandwidths up to 100 MHz are supported. A 40 MHz bandwidth can be obtained by e.g. aggregating two 20 MHz component carriers. 


Conclusion


Both the FDD RIT and the TDD RIT fulfil the requirement to support a scalable bandwidth up to and including 40 MHz. With aggregated multiple components bandwidth up to 100 MHz can be supported.

Both the FDD RIT and the TDD RIT fulfil the requirement to support of at least three bandwidth values.


A-3
Control plane latency


The proponent has analyzed two cases depending on the internal connection state: Idle‑to‑connected, and dormant-to-active. The latter transition is a transition between states when the UE is already synchronized.


Depending on in which state the connection is, the latencies will differ. The proponent has provided two values, each which meet the requirements with ample margin.

The proponent has detailed the corresponding figures for the FDD and TDD RITs in LTE Rel 8 in TR 36.912, Annex B and shown that already LTE Rel 8 fulfils the IMT-Advanced requirements.

WINNER+ agrees with those basic calculations.


In the Section 16.2 in TR 36.912 the proponent provides an analysis when the improvements for the Idle-to-connected case stated for later releases are implemented. These improvements come from:

–
reduced UE processing time;

–
simultaneous RRC and NAS request setup handling (instead of serial approach) allowing parallel RRC and NAS processing.

For the proposed RITs, according to the proponent’s analysis in TR 36.912 , the Idle-to-connected state transition can take less than 50 ms, and the dormant-to-active transition can take as little as 9.5 ms. 


For each transition, the proponent details the steps and the corresponding latencies.


The proponent offers a detailed analysis for the FDD RIT in the Section 16.2. Similar gains as is demonstrated for the FDD RIT are expected also for the TDD RIT, although they are not specifically mentioned. 


Hence WINNER+ concludes from the analysis in TR 36.912 Annex B that both the FDD and the TDD RIT fulfil the control plane latency requirement of at most 100 ms.


A-4
User plane latency


In the below analysis, the proponents arithmetic calculations have been checked and verified. The remaining question is whether or not the input assumptions are reasonable. The proponent’s text is used as basis for this analysis.


A-4.1
FDD RIT


From proponent’s submission IMT-ADV/8:


“The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment) and 1ms TTI duration. Considering that the number of HARQ processes is fixed to 8 for FDD, the one-way latency can calculated as:




DUP [ms] = 1.5 + 1 + 1.5+ n*8 = 4 + n*8,


where n is the number of HARQ retransmissions. Considering a typical case where there would be 0 or 1 retransmission, the approximate average U-plane latency is given by




DUP,typical [ms] = 4 + p*8,

where p is the error probability of the first HARQ retransmission. The minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.




DUP,0%HARQ_BLER [ms] = 4 
(0% HARQ BLER)




DUP,10%HARQ_BLER [ms] = 4.8 
(10% HARQ BLER)


Figure B.2.1-1


User plane latency components
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Provided that 10%HARQ BLER is reasonable and that 1.5 ms latency is reasonable for the UE and eNB, the proponent’s argumentation is valid and the proponent’s claims are verified. “

Report ITU-R M.2135(Rev.1) does not specify a HARQ BLER figure to use in the calculations, so our interpretation is that formally for decision purposes any HARQ BLER figure would do. It is of course of value for ITU-R WP5D to know whether any non-zero HARQ BLER values are technically reasonable. It is our opinion that a HARQ BLER value of 10% is realistic, or even slightly conservative, and hence that the proponent offers a balanced analysis.


The HARQ round trip time is specified in 3GPP to a maximum of 8 ms. The transmission time is 1 ms in each direction which leaves a maximum remaining latency budget of 6 ms. The proponent has divided these 6ms equally between UE and eNB for transmission and reception giving 1.5 ms equipment component latencies.


The equipment latency figures largely consist of processing delay (e.g. channel encoding/decoding, scheduling, channel estimation) and are thus subject to various implementation choices. Hence, faster processing may lead to lower figures. Thus, the limitation does not lie in the technology potential of the proposal as such, but rather depends on the implementation choices – a factor that lies outside the scope of the IMT-Advanced evaluations. 


Figure 1.5 ms seems well balanced and reasonable. It is therefore concluded that the proponent’s claims are verified, that the technology potential clearly allows sufficiently small user plane latency so that the IMT-Advanced requirements are met and exceeded with a margin.


Thus, it is can be concluded that the user plane latency requirements for FDD RIT are fulfilled.


A-4.2
TDD RIT


From proponent’s submission IMT-ADV/8:


“The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays, radio frame alignment and TTI duration. The latency component can be seen in Figure B.2.2-1.

Figure B.2.2-1


User plane latency components for TDD
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(b) Uplink


Where:


a)
The total one-way processing time is 2.5 ms.


b)
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 is radio frame alignment and depends on the frame structure.


c)
The TTI duration is 1ms.


Based on the assumptions above, the LTE U-plane latency is given by:




DUP [ms] = 1 + 
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+ 1 + 1.5 + n*

[image: image9.wmf]RTT




where 
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 is the average HARQ RTT and n is the number of HARQ retransmissions. In typical cases there would be 0 or 1 re-transmissions yielding an approximate average U-plane latency of




DUP,typical [ms] = 3.5 + 
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where p is the error probability of the first HARQ transmission. Tables B.2.2-2a and B.2.2-2b show the U-plane latency in downlink and uplink, respectively, for different TDD UL/DL configuration when 0% HARQ BLER is assumed.


Table B.2.2-2a

U-plane latency analysis with 0% HARQ BLER (average in downlink)


		Step

		Description

		UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		eNB Processing delay

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		2

		Frame alignment

		1.7 ms

		1.1 ms

		0.7 ms

		1.1 ms

		0.8 ms

		0.6 ms

		1.4 ms



		3

		TTI duration

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		4

		UE Processing delay

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms



		

		Total one way delay

		5.2 ms

		4.6 ms

		4.2 ms

		4.6 ms

		4.3 ms

		4.1 ms

		4.9 ms





Table B.2.2-2b

U-plane latency analysis with 0% HARQ BLER (average in uplink)


		Step

		Description

		 UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		UE Processing delay

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		2

		Frame alignment

		1.1 ms

		1.7 ms

		2.5 ms

		3.3 ms

		4.1 ms

		5 ms

		1.4 ms



		3

		TTI duration

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		4

		eNB Processing delay

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5ms



		

		Total one way delay

		4.6 ms

		5.2 ms

		6 ms

		6.8 ms

		7.6 ms

		8.5 ms

		4.9 ms





Tables B.2.2-3a and B.2.2-3b show the U-plane latency in downlink and uplink, respectively, for different TDD UL/DL configuration when 10% HARQ BLER is assumed.

Table B.2.2-3a

U-plane latency analysis with 10% HARQ BLER (average in downlink)


		Step

		Description

		UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		eNB Processing delay

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		2

		Frame alignment

		1.7 ms

		1.1 ms

		0.7 ms

		1.1 ms

		0.8 ms

		0.6 ms

		1.4 ms



		3

		TTI duration

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		4

		UE Processing delay

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms



		5

		HARQ Retransmission

		0.1*10ms

		0.1*10.2 ms

		0.1*9.8 ms

		0.1*10.5ms

		0.1*11.6ms

		0.1*12.4ms

		0.1*11.2ms



		

		Total one way delay

		6.2 ms

		5.62 ms

		5.18 ms

		5.65 ms

		5.46 ms

		5.34 ms

		6.02 ms





Table B.2.2-3b

U-plane latency analysis with 10% HARQ BLER (average in uplink)


		Step

		Description

		UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		UE Processing delay

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		2

		Frame alignment

		1.1 ms

		1.7 ms

		2.5 ms

		3.3 ms

		4.1 ms

		5 ms

		1.4 ms



		3

		TTI duration

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms

		1 ms



		4

		eNB Processing delay

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms

		1.5 ms



		5

		HARQ Retransmission

		0.1*11.6ms

		0.1*10ms

		0.1*10ms

		0.1*10ms

		0.1*10ms

		0.1*10ms

		0.1*11.5ms



		

		Total one way delay

		5.76 ms

		6.2 ms

		7 ms

		7.8 ms

		8.6 ms

		9.5 ms

		6.05 ms





NOTE – The analysis shows that the 5 ms U-plane latency requirement can be simultaneously satisfied in TDD for both uplink and downlink using the UL/DL configuration #6 when 0% HARQ BLER is assumed.


”

Report ITU-R M.2135(Rev.1) does not specify a HARQ BLER figure to use in the calculations, so our interpretation is that formally for decision purposes any figure would do. It is of course of value for ITU-R WP 5D to know whether any non-zero HARQ BLER values is technically reasonable. It is our opinion that a HARQ BLER value of 10% is realistic, or even slightly conservative, and hence that the proponent offers a balanced analysis.


The HARQ round trip time depends on the chosen UL/DL configuration, and thus the frame alignment component tFA. The total one way delays are given in the tables above, and the resulting sum of UL and DL delays is given in the table below.


Table A-7


Total delay with 10% HARQ BLER

		Description

		UL/DL configuration



		

		0

		1

		2

		3

		4

		5

		6



		Total downlink delay

		6.2 ms

		5.62 ms

		5.18 ms

		5.65 ms

		5.46 ms

		5.34 ms

		6.02 ms



		Total uplink delay

		5.76 ms

		6.2 ms

		7 ms

		7.8 ms

		8.6 ms

		9.5 ms

		6.05 ms





The equipment latency figures largely consist of processing delay (e.g. channel encoding/decoding, scheduling, channel estimation) and are thus subject to various implementation choices. Hence, faster but more expensive processing may lead to lower figures. Thus, the limitation does not lie in the technology potential of the proposal as such, but rather depends on the implementation choices – a factor that lies outside the scope of the IMT-Advanced evaluations. 

The figures chosen for the UE and eNodeB seem to be well balanced and reasonable. It is therefore concluded that the proponent’s claims are verified, that the technology potential clearly allows sufficiently small user plane latency so that the IMT-Advanced requirements are met and exceeded with a margin.


Thus, it is can be concluded that the user plane latency requirements for TDD RIT are fulfilled.


A-5
Intra- and inter-frequency (between and within spectrum band) handover interruption time


In Document IMT-ADV/8 the proponent claims that for the FDD RIT and the TDD RIT, the intra‑frequency band HO, inter-frequency HO within a spectrum band, and inter-frequency handover between spectrum bands can be performed on less than 10.5 ms, a figure that is significantly lower than the corresponding IMT-Advanced requirements.


Proponent’s text in IMT-ADV/8:


“The generic handover procedure of LTE-Advanced builds upon the one developed for LTE and is shown in Figure 16.5-1 below:


Figure 16.5-1


U-Plane interruption in LTE-Advanced


[image: image13.emf]UE Source Target


HO Preparation


HO Command


Processing


Data Forwarding


4. Processing


5. Grant


1. Radio Synch


3. Preamble


2. RACH Waiting


interruption


7. Data


6. Processing




Once the HO command has been processed by the UE, it leaves the source cell and stops receiving data. This is the point in time where data interruption starts. The first step after that is the radio synchronisation, which consists of:


1)
Frequency synchronization: typically the time taken for frequency synchronisation depends on whether the target cell is operating on the same carrier frequency as the currently served frequency or not. But since the UE has already identified and measured the target cell, this delay is negligible.


2)
DL synchronization: although baseband and RF alignments always take some time, since the UE has already acquired DL synchronisation to the target cell in conjunction with previous measurement and can relate the target cell DL timing to the source cell DL timing with an offset, the corresponding delay is less than 1 ms.


Because forwarding is initiated before the UE moves and establishes connection to the target cell and because the backhaul is faster than the radio interface, forwarded data is already awaiting transmission in the target when the UE is ready to receive. This component therefore does not affect the overall delay.


In total, the interruption time is 10.5 ms as summarized in Table 16.5-1 below. Note that this delay does not depend on the frequency of the target as long as the cell has already been measured by the UE, which is a typical scenario.


Table 16.5-1


U-Plane interruption in LTE-Advanced


		Component

		Description

		Time [ms]



		1

		Radio synchronisation to the target cell

		1



		2

		Average delay due to RACH scheduling period (1 ms periodicity)

		0.5



		3

		RACH Preamble

		1



		4-5

		Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)

		5



		6

		Decoding of scheduling grant and timing alignment

		2



		7

		Transmission of DL Data

		1



		

		Total delay

		10.5





”

The proponent argues that the UE already has measured the cell and that therefore the frequency synchronization is available at the time of HO. 


This makes sense in most cases, since unless the UE had measured the new cell, there cannot have been any decision to perform handover. Hence it is reasonable that the frequency synchronization should not count to the interruption time in a typical case.


The component 2 needs some elaboration. The 1 ms periodicity characteristic seems to indicate that Table 16.5-1 exemplifies a latency budget for the FDD RIT but not the TDD RIT. For FDD RIT, each UL slot (of 1 ms) can be configured for a RACH opportunity, hence there is at most a 1 ms wait for such RACH scheduling, or on the average 0.5 ms assuming uniform start of waiting time in that slot. 

Thus, the values in the table seem appropriate for the FDD RIT.

WINNER+ asked 3GPP about the TDD RIT HO interruption time calculation and received as answer a confirmation that 


–
The WINNER+ observation that the table in the submission reflects the FDD RIT and not the TDD RIT is correct.


–
The WINNER+ calculation of RACH waiting time of for TDD configuration 0 was correct.


Due to the time slot structure of TDD RIT it seems that the average must be slightly larger, since for TDD RIT not all slots can be allocated for UL, and hence not for RACH. 


WINNER+ first calculated the RACH waiting time for configuration 0 that has most UL slots since that was considered to minimize the RACH waiting time.


WINNER+ assumed the TDD RIT slot structure can be configured according to UL/DL configuration 0 as shown in Figure A-3 below, with 2 DL slots, 2 SP slots and 6 UL slots per 10 ms frame according to the pattern: <DL,SP,UL,UL,UL,DL,SP,UL,UL,UL>.


We assume that RACH can be scheduled in each UL slot, but not in the DL or SP slots. Hence the waiting time for the next RACH opportunity depends in which slot the waiting is initiated. 

Note that for a given configuration RACH can be scheduled in many ways in one or more UL slots or in the SP sub frames.

At most, a 3 ms wait is necessary. This happens when it is initiated just in the beginning of the last UL slot. If the wait is instead initiated just at the very end of the same slot the wait is just 2 ms. On the average for this slot, the waiting time value is 2.5 ms. 


With a similar reasoning for each slot, and then averaging over the 10 equally probable slots, the overall average waiting time can be calculated to 1.1 ms.


Figure A-3 indicates with dotted arrows, the average waiting time given waiting initiation in a certain slot. These conditional average waiting times are 0.5, 1.5 or 2,5 ms depending on which slot we condition upon.


On the average using the above assumptions we have 2/10 * 2.5 + 2/10*1.5 + 6/10*0.5 = 1.1 ms.

Figure A-3


TDD slot structure and waiting times
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Thus, assuming the same values for the other components in the latency table, the average RACH waiting time latency would increase by 0.6 ms to 11.1 ms in the TDD RIT calculation as compared to the submitted FDD RIT calculation if configuration 0 is used.

However, the feedback from 3GPP on a WINNER+ question how the other latency components might vary, suggests that minimizing the component #2 (RACH waiting time) does not minimize the overall total latency since depending on both the configuration and how the RACH has been scheduled, the waiting time for a downlink slot varies, so it is by no means self-evident that the configuration 0 with RACH in all UL slots would yield the smallest total latency. 

Furthermore, WINNER+ received from 3GPP a calculation based on UL/DL configuration 1 with RACH scheduled in SP sub frames, (for the RACH scheduling question this is a slightly more conservative assumption than our configuration 0) where the average delay due to RACH scheduling period was calculated to 2.5 ms (using the same method as WINNER+ used above), giving a total time of 12.5 ms. The other latency components were left unchanged.

Table A-8


U-Plane interruption in LTE-Advanced for TDD for the WINNER+ example
(configuration 0 with RACH in all UL slots) and the 3GPP example
(configuration 1 with RACH in SP sub frames)

		Component




		Description




		Winner+ example
Time [ms]

		3GPP example
Time [ms]



		1

		Radio synchronisation to the target cell

		1.0

		1.0



		2

		Average delay due to RACH scheduling period

		1.1

		2.5



		3

		RACH Preamble

		1.0

		1.0



		4-5

		Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + average waiting time for a DL subframe)

		7.4

		5.0



		6

		Decoding of scheduling grant and timing alignment

		2.0

		2.0



		7

		Transmission of DL Data (including the average waiting time for a DL subframe)

		3.0

		1.0



		

		Total delay

		15.5

		12.5





Table A-8 shows that for configuration 0 the gain by choosing the RACH scheduling pattern with densest RACH possibilities is more than offset by the longer time for waiting for a DL sub frame in component 4-5, while the 3GPP configuration example minimizes the total latency.


The detailed analysis for the two TDD RIT configuration examples can be found in Annex B.


In both examples the latency requirements are met.


The tightest handover requirement of 27.5 ms is for intra frequency handover and our calculations show that there is a large margin to this requirement also for the TDD RIT.

Therefore, WINNER+ concludes that both the TDD RIT and FDD RIT fulfil the intra and inter frequency handover interruption time requirements.


A-6
Inter system handover


In table element 4.2.3.2.5.1 in the Characteristics template provided by the proponent it is described how inter system handover is performed and how measurements are made:


“Inter-system handover and intra-system handover are based on UE assisted network control, i.e., the handover decision in connected mode is made by the network, based on possible measurement reports from the UE. The UE measurements are based on the reference symbol strength or quality, and various measurement reporting conditions are configurable by the network as defined in [36.331].


For inter-frequency and inter-system measurements, depending on the UE capability, the network allocates measurement gaps during which no data are sent for the UE, so that the UE could perform the necessary measurements using a single receiver. During the measurement gaps, the particular UE cannot be scheduled for data transmission, but the vacant resources could still be used for other UEs, because of the shared channel mechanism.


U-plane data forwarding is supported in both inter-system and intra-system handover to realize a lossless handover.


For intra-system handover, the mechanisms and procedures are the same for handover within each RIT and between the two RITs of the SRIT.


For an overall description of the handover procedure, see [23.401] and [36.300].”

Thus, WINNER+ concludes that inter system handover between the proposal FDD and TDD RITs and another system is supported, fulfilling the corresponding requirement.


A-7
Deployment possible in at least one of the identified IMT bands


The characteristics template table element 4.2.3.2.8.3 for the TDD RIT and FDD RIT in the submission contains a list of supported spectrum bands that is overlapping with the identified IMT bands. 

It is clear that the proposal support usage of at least one IMT spectrum band and thus, that the requirement is fulfilled.


A-8
Support for a wide range of services


From proponent’s submission IMT-ADV/8:


“The Quality of Service (QoS) framework of LTE from release 10 and beyond (LTE-Advanced) builds upon the one developed for LTE release 8 and therefore allows the support of a wide range of services. 


In LTE-Advanced, a bearer is the level of granularity for QoS control. Each bearer can be associated with several QoS parameters, e.g.:


–
QoS Class Identifier (QCI): scalar that is used as a reference to access node-specific parameters that control bearer level packet forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.), and that have been pre-configured by the operator owning the eNodeB. A one-to-one mapping of standardized QCI values to standardized characteristics is for instance captured in [4] for LTE.

Table 16.7-1


QCI Example (LTE)


		QCI

		Type

		Packet Delay Budget

		Packet Error Loss
Rate

		Example Services



		1

		GBR

		80 ms

		10-2

		Conversational Voice



		2

		

		130 ms

		10-3

		Conversational Video (Live Streaming)



		3

		

		30 ms

		10-3

		Real Time Gaming



		4

		

		280 ms

		10-6

		Non-Conversational Video (Buffered Streaming)



		5

		Non-GBR

		80 ms

		10-6

		IMS Signalling



		6

		

		
280 ms

		
10-6

		Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)



		7

		

		
80 ms

		
10-3

		Voice,
Video (Live Streaming)
Interactive Gaming



		8

		

		

280 ms

		

10-6

		Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file





–
The configuration of those QoS parameters, allows LTE-Advanced to support a wide range of services. In particular, LTE-Advanced can support basic conversational service class, rich conversational service class and conversational low delay service class. In addition, LTE-Advanced is also able to support the service classes of interactive high delay, interactive low delay, streaming live, streaming non-live and background, which are also given in § 7.4.4 of Report ITU-R M.2135. Thus it can be concluded that any of the evaluated LTE configurations fulfil the ITU requirements on C-plane latency for Idle to connected transition.”


By inspecting the above text from the proponent and analyzing the required technical properties and comparing with the technology potential of the submission, it is concluded that the FDD RIT and TDD RIT support the required basic conversational service class, rich conversational service class and conversational low delay service class, and thus also supports a wide range of services.


Hence, WINNER+ concludes that the service requirements are fulfilled for the TDD RIT and the FDD RIT.

Annex B

Detailed analysis of TDD RIT handover interruption time

We have assumed delays of at least 5 ms for component 4-5, and at least 1 ms for component 7 in both examples due to processing.


Table B-1


Detailed analysis for TDD configuration 0 with PRACH in all UL slots (WINNER+ example)

		Sub frame number

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		Average



		Subframe (sf) type

		D

		S

		U

		U

		U

		D

		S

		U

		U

		U

		 



		DL opportunity

		DL

		DL

		-

		-

		-

		DL

		DL

		-

		-

		-

		 



		UL opportunity

		-

		-

		UL

		UL

		UL

		-

		-

		UL

		UL

		UL

		 



		RA opportunity

		-

		-

		RA

		RA

		RA

		-

		-

		RA

		RA

		RA

		 



		sf # of next D sf

		1

		5

		5

		5

		5

		6

		0

		0

		0

		0

		 



		sf # of next U sf

		2

		2

		3

		4

		7

		7

		7

		8

		9

		2

		 



		sf # of next R sf

		2

		2

		3

		4

		7

		7

		7

		8

		9

		2

		 



		sf # for begin of radio synchr.

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		 



		sf # for end of radio synchr.

		1

		2

		3

		4

		5

		6

		7

		8

		9

		0

		 



		Component #1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		sf # for end of PRACH wait

		1

		2

		3

		6

		6

		6

		7

		8

		1

		1

		 



		Component #2

		0.5

		0.5

		0.5

		2.5

		1.5

		0.5

		0.5

		0.5

		2.5

		1.5

		1.1



		sf # for tx of preamble

		2

		3

		4

		7

		7

		7

		8

		9

		2

		2

		 



		Component #3

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		sf # for tx of RA Response

		0

		0

		0

		5

		5

		5

		5

		5

		0

		0

		 



		Component #4-5

		8

		7

		6

		8

		8

		8

		7

		6

		8

		8

		7.4



		sf # for end of UE processing

		2

		2

		2

		7

		7

		7

		7

		7

		2

		2

		 



		Component #6

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2



		sf # for tx of DL data

		5

		5

		5

		0

		0

		0

		0

		0

		5

		5

		 



		Component #7

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3

		3



		Total delay

		15.5

		14.5

		13.5

		17.5

		16.5

		15.5

		14.5

		13.5

		17.5

		16.5

		15.5





Table B-2


Detailed analysis for TDD configuration 1 with PRACH in SP slots (3GPP example)

		Sub frame number

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		Average



		Subframe (sf) type

		D

		S

		U

		U

		D

		D

		S

		U

		U

		D

		 



		DL opportunity

		DL

		DL

		-

		-

		DL

		DL

		DL

		-

		-

		DL

		 



		UL opportunity

		-

		-

		UL

		UL

		-

		-

		-

		UL

		UL

		-

		 



		RA opportunity

		-

		RA

		-

		-

		-

		-

		RA

		-

		-

		-

		 



		sf # of next D sf

		1

		4

		4

		4

		5

		6

		9

		9

		9

		0

		 



		sf # of next U sf

		2

		2

		3

		7

		7

		7

		7

		8

		2

		2

		 



		sf # of next R sf

		1

		6

		6

		6

		6

		6

		1

		1

		1

		1

		 



		sf # for begin of radio synchr.

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		 



		sf # for end of radio synchr.

		1

		2

		3

		4

		5

		6

		7

		8

		9

		0

		 



		Component #1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		sf # for end of PRACH wait

		5

		5

		5

		5

		5

		0

		0

		0

		0

		0

		 



		Component #2

		4.5

		3.5

		2.5

		1.5

		0.5

		4.5

		3.5

		2.5

		1.5

		0.5

		2.5



		sf # for tx of preamble

		6

		6

		6

		6

		6

		1

		1

		1

		1

		1

		 



		Component #3

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		sf # for tx of RA Response

		1

		1

		1

		1

		1

		6

		6

		6

		6

		6

		 



		Component #4-5

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5



		sf # for end of UE processing

		3

		3

		3

		3

		3

		8

		8

		8

		8

		8

		 



		Component #6

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2



		sf # for tx of DL data

		4

		4

		4

		4

		4

		9

		9

		9

		9

		9

		 



		Component #7

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



		Total delay

		14.5

		13.5

		12.5

		11.5

		10.5

		14.5

		13.5

		12.5

		11.5

		10.5

		12.5





Annex C

Cell and cell edge spectral efficiency

Tables C-1 to C-4 provide a summary of the obtained cell and cell edge spectral efficiency results.


Table C-1


Cell spectral efficiency results for FDD RIT

		Test environment

		Link direction

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirements

		DL (bit/s/ Hz/cell)

		3

		2.6

		2.2

		1.1



		

		UL (bit/s/ Hz/cell)

		2.25

		1.80

		1.4

		0.7



		Organization 1

		DL (bit/s/ Hz/cell)


L = 3 / 2 / 1*

		4.12 / 4.55 / 4.83
(4x2 SU-MIMO)

		2.87 / 3.16 / 3.46 
(4x2 MU-MIMO)

		2.37 / 2.62 / 2.86
(4x2 MU-MIMO)

		1.96 / 2.14 / 2.27
(4x2 SU-MIMO)


3.47 / 3.82 / 4.18 
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		3.46 
(1x4 SIMO)


6.06 
(1x4 MU-MIMO)


5.58 
(2x4 SU-MIMO)

		2.23 
(1x4 SIMO)


2.41 
(2x4 BF)


2.59 
(2x4 SU-MIMO)

		1.77 
(1x4 SIMO)


2.94 
(2x4 BF)


1.97 
(2x4 SU-MIMO)

		2.08 
(1x4 SIMO)


2.34 
(2x4 BF)


2.38 
(2x4 SU-MIMO)



		Organization 2

		DL (bit/s/ Hz/cell)

		4.24 
(4x2 SU-MIMO)

		2.88 
(4x2 MU-MIMO)

		2.43 
(4x2 MU-MIMO)

		2.77 
(4x2 MU-MIMO)



		Organization 3

		DL (bit/s/ Hz/cell)

		

		

		

		1.87 
(4x2 SU-MIMO)



		Organization 4

		DL (bit/s/ Hz/cell)

		3.76


(4x2 SU-MIMO)

		

		

		



		Organization 5

		DL (bit/s/ Hz/cell)

		4.29
(4x2 SU-MIMO A)

		2.90
(4x2 MU-MIMO C)

		2.33
(4x2 MU-MIMO C) 

		3.20
(4x2 MU-MIMO C) 



		

		UL (bit/s/ Hz/cell)

		2.86
(1x4 SIMO A) 

		1.90
(1x4 SIMO A) 

		1.43
(1x4 SIMO A) 

		1.62
(1x4 SIMO A) 



		Mean cell spectral efficiency for FDD RIT **

		DL (bit/s/ Hz/cell)

		4.10
(4x2 SU-MIMO)

		2.88
(4x2 MU-MIMO)

		2.38
(4x2 MU-MIMO)

		1.92
(4x2 SU-MIMO)


3.15
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		3.16
(1x4 SIMO)


6.06
(1x4 MU-MIMO)


5.58
(2x4 SU-MIMO)

		2.07
(1x4 SIMO)


2.41 
(2x4 BF)


2.59 
(2x4 SU-MIMO)

		1.60
(1x4 SIMO)


2.94 
(2x4 BF)


1.97 
(2x4 SU-MIMO)

		1.85
(1x4 SIMO)


2.34 
(2x4 BF)


2.38 
(2x4 SU-MIMO)





* 
See Table C-6. L = 3 values were taken for mean calculation.

**
Mean value of all contributing organizations for the given antenna configurations. Note that different assumptions were made in the underlying simulations, so that the mean value does not represent the performance of one partic™ular system setup. Values in bold (maximum values) are taken as main results.

Table C-2


Cell spectral efficiency results for TDD RIT

		Test environment

		Link direction

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirements

		DL (bit/s/ Hz/cell)

		3

		2.6

		2.2

		1.1



		

		UL (bit/s/ Hz/cell)

		2.25

		1.80

		1.4

		0.7



		Organization 1

		DL (bit/s/ Hz/cell)


L = 3 / 2 / 1*

		3.93 / 4.22 / 4.50
 (4x2 SU-MIMO)

		2.76 / 2.95 / 3.25
 (4x2 MU-MIMO)

		2.27 / 2.44 / 2.68
 (4x2 MU-MIMO)

		1.92 / 2.06 / 2.20
(4x2 SU-MIMO)


3.45 / 3.69 / 4.06
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		3.24 
(1x4 SIMO)


5.67 
(1x4 MU-MIMO)


5.15 
(2x4 SU-MIMO)

		2.03 
(1x4 SIMO)


2.20 
(2x4 BF)


2.35 
(2x4 SU-MIMO)

		1.66
(1x4 SIMO)


1.79 
(2x4 BF)


1.81 
(2x4 SU-MIMO)

		1.93 
(1x4 SIMO)


2.17 
(2x4 BF)


2.19 
(2x4 SU-MIMO)



		Organization 5

		DL (bit/s/ Hz/cell)

		3.91
(4x2 SU-MIMO A)

		2.74
(4x2 MU-MIMO C)

		2.34
(4x2 MU- MIMO C)

		1.73
(4x2 SU-MIMO C)



		

		UL (bit/s/ Hz/cell)

		2.80
(1x4 SIMO A)

		1.90
(1x4 MU-MIMO)

		1.41
(1x4 SIMO A)

		1.55
(1x4 SIMO A)



		Organization 7

		DL (bit/s/ Hz/cell)

		4.92
4x2 MU-MIMO

		2.75
4x2 MU-MIMO

		

		1.88
4x2 MU-MIMO



		Mean cell spectral efficiency for TDD RIT **

		DL (bit/s/ Hz/cell)

		3.92
(4x2 SU-MIMO)


4.92
(4x2 MU-MIMO)

		2.75
(4x2 MU-MIMO)

		2.31
(4x2 MU-MIMO)

		1.83
(4x2 SU-MIMO)

2.67
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		3.02
(1x4 SIMO)


5.67 
(1x4 MU-MIMO)


5.15 
(2x4 SU-MIMO)

		2.03 
(1x4 SIMO)


1.90 
(1x4 MU-MIMO)


2.20 
(2x4 BF)


2.35 
(2x4 SU-MIMO)

		1.54  
(1x4 SIMO)


1.79 
(2x4 BF)


1.81 
(2x4 SU-MIMO)

		1.74 
(1x4 SIMO)


 2.17 
(2x4 BF)


2.19 
(2x4 SU-MIMO)





* 
See Table C-6. L = 3 values were taken for mean calculation.

** 
Mean value of all contributing organizations for the given antenna configurations. Note that different assumptions were made in the underlying simulations, so that the mean value does not represent the performance of one particular system setup. Values in bold (maximum values) are taken as main results.


Table C-3


Cell edge spectral efficiency results for FDD RIT


		Test environment

		Link direction

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirements

		DL (bit/s/ Hz/cell)

		0.1

		0.075

		0.06

		0.04



		

		UL (bit/s/ Hz/cell)

		0.07

		0.05

		0.03

		0.015



		Organization 1

		DL (bit/s/ Hz/cell)


L = 3 / 2 / 1*

		0.180/0.199/0.210
 (4x2 SU-MIMO)

		
0.094/0.104/0.114
 (4x2 MU-MIMO)

		
0.076/0.083/0.091
(4x2 MU-MIMO)

		0.076/0.083/0.088
 (4x2 SU-MIMO)


0.112/0.123/0.135 
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		0.262 
(1x4 SIMO)


0.442 
(1x4 MU-MIMO)


0.288 
(2x4 SU-MIMO)

		0.109 
(1x4 SIMO)


0.124 
(2x4 BF)


0.127 
(2x4 SU-MIMO)

		0.085
(1x4 SIMO)


0.092 
(2x4 BF)


0.091
(2x4 SU-MIMO)

		0.100
(1x4 SIMO)


0.118 
(2x4 BF)


0.117
(2x4 SU-MIMO)



		Organization 2

		DL (bit/s/ Hz/cell)

		0.160 
(4x2 SU-MIMO)

		0.085 
(4x2 MU-MIMO)

		0.061 
(4x2 MU-MIMO)

		0.103 
(4x2 MU-MIMO)



		Organization 3

		DL (bit/s/ Hz/cell)

		

		

		

		0.054
(4x2 SU-MIMO)



		Organization 4

		DL (bit/s/ Hz/cell)

		0.16


(4x2 SU-MIMO)

		

		

		



		Organization 5

		DL (bit/s/ Hz/cell)

		0.190
(4x2 SU-MIMO A)

		0.087
(4x2 MU-MIMO C)

		0.063
(4x2 MU-MIMO C)

		0.057
(4x2 MU-MIMO C)



		

		UL (bit/s/ Hz/cell)

		0.170
(1x4 SIMO A)

		0.055
(1x4 SIMO A)

		0.060
(1x4 SIMO A)

		0.072
(1x4 SIMO A)



		Mean cell edge spectral efficiency for FDD RIT **

		DL (bit/s/ Hz/cell)

		0.173
(4x2 SU-MIMO)

		
0.089
(4x2 MU-MIMO)

		
0.067
(4x2 MU-MIMO)

		0.065
(4x2 SU-MIMO)

0.091
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		0.216
(1x4 SIMO)


0.442
(1x4 MU-MIMO)


0.288
(2x4 SU-MIMO)

		0.082
(1x4 SIMO)


0.124
(2x4 BF)


0.127
(2x4 SU-MIMO)

		0.073
(1x4 SIMO)


0.092
(2x4 BF)


0.091
(2x4 SU-MIMO)

		0.086
(1x4 SIMO)


0.118
(2x4 BF)


0.117
(2x4 SU-MIMO)





* 
See Table C-6. L = 3 values were taken for mean calculation.

** 
Mean value of all contributing organizations for the given antenna configurations. Note that different assumptions were made in the underlying simulations, so that the mean value does not represent the performance of one particular system setup. Values in bold (following the antenna configuration selected in Table C-1) are taken as main results.


Table C-4


Cell edge spectral efficiency results for TDD RIT


		Test environment

		Link direction

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirements

		DL (bit/s/ Hz/cell)

		0.1

		0.075

		0.06

		0.04



		

		UL (bit/s/ Hz/cell)

		0.07

		0.05

		0.03

		0.015



		Organization 1

		DL (bit/s/ Hz/cell)


L = 3 / 2 / 1*

		0.168/0.181/0.193
 (4x2 SU-MIMO)

		
0.088/0.095/0.104
(4x2 MU-MIMO)

		
0.069/0.074/0.082
(4x2 MU-MIMO)

		0.072/0.077/0.082
(4x2 SU-MIMO)


0.110/0.117/0.129
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		0.246 
(1x4 SIMO)


0.413 
(1x4 MU-MIMO)


0.267 
(2x4 SU-MIMO)

		0.099 
(1x4 SIMO)


0.111 
(2x4 BF)


0.114 
(2x4 SU-MIMO)

		0.079 
(1x4 SIMO)


0.085 
(2x4 BF)


0.084 
(2x4 SU-MIMO)

		0.092 
(1x4 SIMO)


0.108 
(2x4 BF)


0.106 
(2x4 SU-MIMO)



		Organization 5

		DL (bit/s/ Hz/cell)

		0.17
(4x2 SU-MIMO A)

		0.08
(4x2 MU-MIMO C)

		0.065
(4x2 MU-MIMO C)

		0.04
(4x2 SU-MIMO C)



		

		UL (bit/s/ Hz/cell)

		0.160
(1x4 SIMO A)

		0.055
(1x4 MU-MIMO)

		0.048
(1x4 SIMO A)

		0.070
(1x4 SIMO A)



		Organization 7

		DL (bit/s/ Hz/cell)

		0.149
4x2 MU-MIMO

		0.086
4x2 MU-MIMO

		

		0.055
4x2 MU-MIMO



		Mean cell edge spectral efficiency for TDD RIT **

		DL (bit/s/ Hz/cell)

		0.169
(4x2 SU-MIMO)


0.149
(4x2 MU-MIMO)

		
0.085
(4x2 MU-MIMO)

		
0.067
(4x2 MU-MIMO)

		0.056
(4x2 SU-MIMO)


0.083
(4x2 MU-MIMO)



		

		UL (bit/s/ Hz/cell)

		0.203 
(1x4 SIMO)


0.413 
(1x4 MU-MIMO)


0.267 
(2x4 SU-MIMO)

		0.099 
(1x4 SIMO)


0.055
(1x4 MU-MIMO)


0.111 
(2x4 BF)


0.114 
(2x4 SU-MIMO)

		0.064 
(1x4 SIMO)


0.085 
(2x4 BF)


0.084 
(2x4 SU-MIMO)

		0.081 
(1x4 SIMO)


0.108 
(2x4 BF)


0.106 
(2x4 SU-MIMO)





* 
See Table C-6. L = 3 values were taken for mean calculation.

** 
Mean value of all contributing organizations for the given antenna configurations. Note that different assumptions were made in the underlying simulations, so that the mean value does not represent the performance of one particular system setup. Values in bold (following the antenna configuration selected in Table C-2) are taken as main results.


C-1 
Organisation 1 system and simulator setup


Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135. In addition to these, a set of LTE-specific system models, aligned with 3GPP document R1-092283, “Outcome of discussion on common baseline assumptions” are used. These are summarized in Table C-5.


Table C-5


Models and assumptions beyond the IMT-Advanced Guidelines for Organization 1

		Parameter

		Value



		Duplex method 

		FDD


TDD: 5 subframes period, 2 subframes DL, 2 subframes UL, DwPTS 12, GP 1, UpPTS 1 



		Bandwidth

		10 MHz DL + 10 MHz UL for FDD, 20 MHz for TDD, double bandwidth for InH


Note: 90% of nominal bandwidth occupied by subcarriers 



		Scheduler

		DL: Proportional Fair in Time and Frequency for Indoor .


       Multiuser-Beamforming for Microcellular, Base coverage urban, and High speed test

       environments
UL: Quality-based Frequency Domain Multiplexing



		Downlink transmission scheme 

		Basic release 8 configuration

Codebook-based pre-coded adaptive rank MIMO (SU-MIMO)

MU-MIMO / coordinated beamforming 


Single stream per user, SDMA between users (MU-MIMO) 



		Uplink transmission scheme

		1x4 SIMO, 2x4 SIMO, 2x4 SU-MIMO, 1x4 MU-MIMO with random user pairing



		Receiver type

		MMSE with intercell interference suppression capabilities in DL and UL



		Uplink Power control

		Open loop with fractional pathloss compensation (= 0.8), P0 chosen according to the deployment scenario. 



		HARQ scheme

		Incremental redundancy, synchronous, adaptive



		Network synchronization

		Synchronized, not explicitly utilized other than for avoiding UE-UE and BS-BS interference for TDD 



		Link adaptation

		Non-ideal, based on delayed feedback



		Antenna configuration
base station

		a) Uncorrelated co-polarized (Used for InH DL/UL):
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)


c) Correlated: co-polarized: (used otherwise)
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )



		Antenna configuration UE

		Vertically polarized antennas
0.5 wavelengths separation at UE



		Channel estimation

		Non-ideal channel estimation 


Non-ideal Channel Quality Indication (CQI), CQI Error per RB is N(0,1)dB in DL, error free in UL. 
DL CQI parameters
6ms delay 
5ms reporting period


UL Quality monitoring 
6ms TCH  
20ms sounding period



		Feedback channel errors

		Error-free, but quantized and delayed. 



		Control Channel Overhead, Acknowledgements etc. 

		See Tables C-6 and C-7





The Tables C-6 and C-7 below contain overhead assumptions in the simulations.


Table C-6


Downlink overhead assumptions (CRS = Cell specific reference Symbols)


[image: image15.emf]FDD


L


1 2 3 1 2 3


N RE tot 84 000 84 000 84 000 84 000 84 000 84 000


Npdcch 6 000 12 000 18 000 6 000 12 000 18 000


Ncrs 10 000 8 000 8 000 1 600 1 200 1 200


Nuers 0 0 0 6 000 6 000 6 000


Npbch 288 288 288 288 288 288


Nsch 288 288 288 288 288 288


Nguard 0 0 0 0 0 0


N_RE_non-data 16 576 20 576 26 576 14 176 19 776 25 776


Relative OH 0,197 0,245 0,316 0,169 0,235 0,307


Gain v L=3 1,174 1,104 1,000 1,199 1,103 1,000


Assumptions


Nrb 50 50 50 50 50 50


Nmbsfn 0 0 0 6 6 6


Nregular 10 10 10 4 4 4


TDD


L


1 2 3 1 2 3


N RE tot 97 200 97 200 97 200 97 200 97 200 97 200


Npdcch 7 200 14 400 19 200 7 200 14 400 19 200


Ncrs 12 000 9 600 9 600 3 200 2 400 2 400


Nuers 0 0 0 6 600 6 600 6 600


Npbch 288 288 288 288 288 288


Nsch 288 288 288 288 288 288


Nguard 1 200 1 200 1 200 1 200 1 200 1 200


N_RE_non-data 20 976 25 776 30 576 18 776 25 176 29 976


Relative OH 0,216 0,265 0,315 0,193 0,259 0,308


Gain v L=3 1,144 1,072 1,000 1,167 1,071 1,000


Assumptions


Nrb 100 100 100 100 100 100


Nmbsfn 0 0 0 4 4 4


Nregular 10 10 10 6 6 6


CRS (rel 8 baseline) UERS (MU-MIMO/coordinated BF)


CRS UERS




Table C-7


Uplink overhead assumptions

[image: image16.emf]Nrb 50 100 100 200


Mpucch


4 4 4 4


N RE tot 84 000 168 000 70 800 141 600


Npucch 6 720 6 720 2 688 2 688


Ndrs 11 040 23 040 9 216 18 816


Nsrs 552 1 152 1 152 2 352


Nprach 864 864 864 864


Nguard + UpPTS 0 0 3 600 7 200


N_RE_non-data 19 176 31 776 17 520 31 920


Relative OH 0,228 0,189 0,247 0,225


Assumptions


NframesUL 10 10 4 4


UpPTS 0 0 1 1


GP 0 0 1 1


FDD TDD




Report ITU-R M.2135 requires for the simulations that a resulting Interference over Thermal value is less than 10 dB. This entity has been measured in the simulation tool, and it has been checked that this is satisfied in all cases for both the TDD RIT and the FDD RIT.

C-2
Organisation 2 system and simulator setup


The simulation assumptions and evaluation methodology follow


•
Rep. ITU-R M.2134


•
Rep. ITU-R M.2135


•
3GPP TR 36.814, v9.0.0

Additional assumptions are reproduced in the following table.


Table C-8


Models and assumptions beyond the IMT-Advanced Guidelines for Organization 2

		Parameter

		Value



		Deployment scenario 

		InH, UMi, UMa, RMa 



		Duplex method and bandwidths 

		· Downlink FDD


·  10 MHz for UMi, UMa, RMa 


·  20 MHz for InH 



		Network Synchronization 

		Synchronized 



		Downlink transmission scheme 

		· Rel8 SU-MIMO


· Single cell MU-MIMO 



		Downlink scheduler 

		· Proportional fair for Rel8


· MU-MIMO scheduling 



		Downlink link adaptation 

		· Based on delayed feedback of CQI/PMI/RI information


· TTI = 1 ms reporting periodicity 


· Reporting per 5 PRBs for Rel8

· Reporting per PRB for MU-MIMO



		Downlink HARQ scheme 

		· Chase combining


· Asynchronous non-adaptive HARQ


· Max. 4 HARQ retransmissions 



		Downlink receiver 

		MMSE 



		Antenna configuration base station 

		· 4 Tx antennas


· Vertically polarized


· 0.5( spacing 



		Antenna configuration mobile station 

		· 2 Rx antennas


· Vertically polarized


· 0.5( spacing 



		Channel estimation 

		Non-ideal 



		Control channel overhead 

		L = 3 OFDM symbols/subframe for PDCCH in InH, UMi, RMa

L = 2 OFDM symbols/subframe for PDCCH in UMa*



		Feedback and control channel errors 

		None



		Traffic Model

		Full Buffer





*
Regarding the control overhead, it can be shown that L = 2 OFDM symbols/subframe for PDCCH are sufficient for the employed MU-MIMO scheduler which schedules a maximum of four users per TTI. 

C-3
Organisation 3 system and simulator setup


Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135.  Further simulation parameters are summarized in Table C-9.


Table C-9


Models and assumptions beyond the IMT-Advanced Guidelines for Organization 3

		Parameter

		Value



		Duplex method 

		FDD



		Bandwidth

		10 MHz DL


Note: 90% of nominal bandwidth occupied by subcarriers 



		Scheduler

		DL: Proportional Fair in Time UL: Quality-based Frequency Domain Multiplexing



		Downlink transmission scheme 

		SU-MIMO 4 x 2 Basic release 8 configuration

Codebook-based pre-coded adaptive rank MIMO 



		Receiver type

		MMSE with intercell interference suppression capabilities in DL



		HARQ scheme

		Incremental redundancy, synchronous, adaptive



		Network synchronization

		Synchronized 



		Link adaptation

		Non-ideal, based on delayed feedback



		Antenna configuration
base station

		Co-polarized antennas separated 10 wavelengths



		Antenna configuration UE

		Baseline:
Vertically polarized antennas
0.5 wavelengths separation at UE



		Channel estimation

		Ideal channel estimation 


Non-ideal Channel Quality Indication (CQI), error free in DL. 
DL CQI parameters
6 ms delay 
5 ms reporting period



		Feedback channel errors

		Error-free, but quantized and delayed. 



		Traffic Model

		Full Buffer





C-4 
Organisation 4 system and simulator setup

Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135. Additional simulation parameters are summarized in Table C-10.


Table C-10


Models and assumptions beyond the IMT-Advanced Guidelines for Organization 4


		Parameter

		Value



		Duplex method 

		FDD



		Bandwidth

		20 MHz for InH, 10 MHz otherwise 



		Scheduler

		Proportional Fair in Time and Frequency for InH


Multiuser Proportional Fair otherwise



		Transmission scheme 

		DL


Basic release 8 configuration


Codebook-based pre-coded adaptive rank MIMO


MU-MIMO


Release 8 transmission mode 4 (codebook-based pre-coded rank 1MIMO) 


UL


1 x 4 SIMO



		Receiver type

		MMSE



		HARQ scheme

		Chase combining



		Network synchronization

		Synchronized 



		Link adaptation

		Non-ideal, based on delayed feedback



		Antenna configuration
base station

		a) Uncorrelated co-polarized (Used for InH DL):
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)


c) Correlated: co-polarized: (used otherwise)
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )



		Antenna configuration UE

		Baseline:
Vertically polarized antennas
0.5 wavelengths separation at UE





		Parameter

		Value



		Channel estimation

		DL


Ideal channel estimation 


Non-ideal Channel Quality Indication (CQI), CQI Error per RB is N(0,1)dB.


DL CQI parameters
6ms delay 
5 ms reporting period


UL


Non ideal



		Feedback channel errors

		Error-free, but quantized and delayed. 



		Control Channel Overhead 

		DL


L = 3 symbols for PDCCH


Cell specific reference symbols overhead


UL


4RBs for PUCCH for 10 and 20 MHz


2 SC-FDMA symbols for DMRS in one TTI


1 SC-FDMA symbol for SRS with 10 ms periodicity


6 RBs for PRACH with 10 ms periodicity for 10 and 20 MHz





C-5 
Organisation 5 system and simulator setup


Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135. 


Table C-11


Models and assumptions beyond the IMT-Advanced Guidelines for Organization 5

		Parameter

		Value



		Duplex method 

		FDD


TDD: 5 subframes period:


2 full DL subframes,


Special subframe: DwPTS 11 symbol, GP 1 symbol, UpPTS 2 symbol


2 full UL subframes UL



		Bandwidth

		10 MHz DL + 10 MHz UL for FDD, except InH with 20 MHz DL +20 MHz UL


20 MHz for TDD,



		Scheduler

		DL: Proportional Fair in Time and Frequency for InH and RMa test scenarios.


PF Scheduler with support for Coordinated Beamforming for UMa and UMi test scenarios.


UL: FDMA scheduling



		Downlink transmission scheme 

		4 x 2 SU-MIMO for antenna setup A, C


4-Tx BF with up to 3-Beams per cell for antenna setup C (4 x 2 MU-MIMO ( c))



		Uplink transmission scheme

		1 x 4 SIMO baseline without MU-MIMO for all cases except UMi TDD where 1 x 4 with MU‑MIMO is used



		Receiver type

		MMSE with intercell interference rejection



		Uplink Power control

		Rel'8 PC with optimized parameter settings



		HARQ scheme

		Chase Combining



		Network synchronization

		Synchronized 



		Link adaptation

		Non-ideal, based on delayed feedback



		Antenna configuration
base station

		A) Uncorrelated co-polarized (Used for InH DL and all scenarios in UL)
Co-polarized antennas separated 4 wavelengths
C) Correlated: co-polarized: (used otherwise)
0.5 wavelengths between antennas



		Antenna configuration UE

		Baseline: Vertically polarized antennas, 0.5 wavelengths separation at UE



		Channel estimation

		Non-ideal channel estimation 



		Feedback channel errors

		Error-free, but quantized and delayed. 



		Control channel and reference signal overhead, Acknowledgements etc.

		Default is L = 3 symbols for PDCCH.


4 PRBs for PUCCH for 10 MHz.


8 PRBs for PUCCH for 20 MHz.


SRS overhead: 1 symbol in every 10 TTI for FDD


SRS overhead: 1 symbol in UpPTS for TDD


UL DRS: 2 out of 14 symbols per TTI





C-6 
Organisation 7 system and simulator setup


System model and assumptions obey the guidelines provided in Report ITU-R M.2135. Additional simulation parameters are summarized in Table C-12.


Table C-12


Models and assumptions beyond the IMT-Advanced Guidelines for Organization 7

		Parameter 

		Value 



		Duplex method 

		TDD: 5 subframes period: 


2 full DL subframes, 


Special subframe: 


2 full UL subframes 



		Bandwidth 

		20 MHz for UMi, RMa, 40 MHz for InH 



		Cells

		UMi, RMa: 57 cells, InH: 2 cells



		Scheduler 

		Time-frequency PF Scheduler 



		Downlink transmission scheme 

		4 x 2 MU-MIMO  with  intra site joint CoMP transmission in UMi, RMa 

4 x 2 MU-MIMO in InH 



		Receiver type 

		MMSE with intercell interference suppression 



		HARQ scheme 

		Chase Combining 



		Network synchronization 

		Synchronized 



		Link adaptation 

		Non-ideal, based on CQI feedback  with  6 ms delay and 5 ms periodicity and UL SRS with  6 ms delay and 5 ms periodicity 



		Antenna configuration
base station 

		0.5 wavelengths separation in UMi, RMa, 4 wavelengths separation in InH 



		Antenna configuration UE 

		0.5 wavelengths separation 



		Channel estimation 

		Non-ideal channel estimation



		Control channel and reference signal overhead 

		L = 3 symbols for PDCCH. 








Annex D

Mobility


Tables D-1 and D-2 provide a summary of the obtained mobility results.


Table D-1


Traffic channel link data rates for FDD RIT

		Test environment

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirement UL (bits/s/Hz)

		1

		0.75

		0.55

		0.25



		Organization 1

		> 2

		1.2

		1.3

		1.4



		Organization 4

		> 2.5

		1.33

		1.41

		1.44



		Mean Traffic channel link data rates for FDD RIT *

		(> 2)

		1.27

		1.36

		1.42



		*
Mean value of all contributing organizations. Note that different assumptions were made in the underlying simulations, so that the mean value does not represent the performance of one particular system setup.





Table D-2


Traffic channel link data rates for TDD RIT


		Test environment

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirement UL (bits/s/Hz)

		1

		0.75

		0.55

		0.25



		Organization 1

		> 2

		1.2

		1.3

		1.4





The support of mobility classes for the TDD and FDD RITs are summarized in Table D-3 below.


Table D-3


Mobility class support for FDD RIT and TDD RIT

		

		Test environments(1)



		

		Indoor

		Microcellular

		Base coverage urban 

		High speed 



		Required mobility classes

		Stationary, pedestrian

		Stationary, pedestrian,


Vehicular
(up to 30 km/h)

		Stationary, pedestrian, vehicular

		High speed vehicular, vehicular



		Required mobility classes supported in FDD RIT

		YES

		YES

		YES

		YES



		Required mobility classes supported in TDD RIT

		YES

		YES

		YES

		YES





D-1 
Organisation 1 System and simulator setup


The mobility evaluations follow the ITU guidelines in Report ITU-R M.2135. 


Link-level results for FDD and TDD are presented in Figure D-1 and system-level results are presented in Figure D-2. Note that the TDD link level results are normalized with the uplink asymmetry, uplink-downlink configuration 0, i.e. 3 out of 5 subframes are for UL. It is seen that this results in practically identical performance for FDD and TDD. The achieved normalized bitrates are summarized in Table D-4.


Additional assumptions:


•
Additional assumptions on system level


· 5 resource blocks allocated per UE


· Fractional power control, alpha = 0.8, SNR target = 10 dB


· Antenna downtilt  6 degrees for RMa, 12 degrees for UMa and UMi 


· Non-quality-based scheduling

Table D-4


Mobility results for FDD RIT and TDD RIT for Organization 1


		Scenario

		Requirement

		Speed

		Frequency

		Doppler

		Median SINR

		Achievement for FDD RIT

		Achievement for TDD RIT



		Indoor

		1.0 bps/Hz

		10 km/h

		3.4 GHz

		31.5 Hz

		15 dB

		> 2 bps/Hz (SINR out of simulated link level range)

		> 2 bps/Hz (SINR out of simulated link level range)



		Microcellular

		0.75 bps/Hz

		30 km/h

		2.5 GHz

		69.4 Hz

		3.5 dB

		1.2 bps/Hz

		1.2 bps/Hz



		Base coverage urban

		0.55 bps/Hz

		120 km/h

		2.0 GHz

		222 Hz

		4 dB

		1.3 bps/Hz

		1.3 bps/Hz



		High speed

		0.25 bps/Hz

		350 km/h

		0.8 GHz

		259 Hz

		5 dB

		1.4 bps/Hz

		1.4 bps/Hz





Figure D-1


Link performance in the ITU deployment scenarios. (Note that for large SNR >10 dB,
only a lower bound (2 bps/Hz) for the normalized bitrate can be read from
this figure for InH, UMa, and UMi.)
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Figure D-2


Uplink wideband SINR in the ITU deployment scenarios
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D-2 
Organisation 4 System and simulator setup


The mobility evaluations follow the ITU Guidelines in Report ITU-R M.2135 and the requirements established in Report ITU-R M.2134 for each scenarios. The link level results have been simulated for FDD duplex method and NLoS sight. System level results for mobility were taken from Organization 1. 


Figure D-3


Link performance in the ITU deployment scenarios
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Table D-5


Mobility results for NLoS FDD FDD RIT for Organization 4


		Scenario

		Speed (km/h)

		Frequency (GHz)

		Median SINR

		FDD efficiency
(bps/Hz)

		Requirements (bps/Hz)



		Indoor

		10

		3.4

		15 dB

		> 2.500

		1.0



		Microcellular

		30

		2.5

		3.5 dB

		1.330

		0.75



		Base coverage urban

		120

		2.0

		4 dB

		1.405

		0.55



		High Speed

		350

		0.8

		5 dB

		1.445

		0.25





Annex E

VoIP capacity


Tables E-1 and E-2 provide a summary of the obtained mobility results.


Table E-1


VoIP capacity for FDD RIT


		Test environment

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirements (Active users/sector/MHz)

		50

		40

		40

		30



		Organization 1

		150

		80

		70

		95



		Organization 5

		145

		85

		61

		92



		Organization 6*

		91*

		-

		45*

		40*



		Mean VoIP capacity for FDD RIT **

		148

		83

		66

		94



		* 
These results are based on simplified simulation assumptions due to simulation complexity reasons (see Table E-5 for details). They have not been considered in the mean value calculation.


**
 Mean value of all contributing organizations except Organization 6. Note that different assumptions were made in the underlying simulations, so that the mean value does not represent the performance of one particular system setup.





Table E-2


VoIP capacity for TDD RIT

		Test environment

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Requirements (Active users/sector/MHz)

		50

		40

		40

		30



		Organization 1

		142

		73

		69

		82



		Organization 5

		136

		67

		60

		74



		Organization 6*

		73*

		-

		-

		-



		Mean VoIP capacity for TDD RIT **

		139

		70

		65

		78



		* 
These results are based on simplified simulation assumptions due to simulation complexity reasons (see Table E-5 for details). They have not been considered in the mean value calculation.


** 
Mean value of all contributing organizations except Organization 6. Note that different assumptions were made in the underlying simulations, so that the mean value does not represent the performance of one particular system setup.





E-1 
Organisation 1 System and simulator setup


For the VoIP simulations a dynamic system simulator was used. The simulation settings are described in Table E-3 below. PDCCH capacity is set to a constant value throughout a simulation and we make the assumption that three symbols were used for PDCCH signaling. 


Table E-3


VoIP parameter settings for Organization 1


		Parameter

		Value



		Duplex method

		FDD and TDD

For TDD, frame structure 1 is used (DL:UL 3:2)



		Bandwidth

		2 x 5 MHz (FDD) or 10 MHz (TDD)



		Cells

		57 cells, InH is 2 cells only



		Scheduler

		DL:semi-presistent scheduling 
UL: semi-persistent scheduling



		PDCCH capacity

		FDD 5 MHz: 8 UL grants and 8 DL assignments per subframe

TDD 10 MHz: 16 UL grants and 16 DL assignments per subframe



		Downlink transmission scheme

		4 x 2 Codebook based pre-coded MIMO



		Uplink transmission scheme

		1 x 4 SIMO



		Antenna configuration base station

		a) Uncorrelated co-polarized (used for UMi  and RMa) 


Co-polarized antennas separated 4 wavelengths


(illustration for 4 Tx: |         |          |          |)

b) Correlated co-polarized (used for InH and UMa)


Co-polarized antennas separated 0.5 wavelengths


(illustration for 4 Tx: |||| ) 



		Antenna configuration UE

		Vertically polarized antennas


0.5 wavelengths separation at UE



		Receiver type

		MMSE



		HARQ scheme

		Incremental redundancy



		Link adaptation 

		Non-ideal, based on delayed feedback



		Channel estimation

		Non-ideal channel estimation at receiver


Non-ideal Channel Quality Indication (CQI) CQI Error per RB is N(0,1) dB in DL, error free in UL. 
DL CQI parameters
6 ms delay, 50 ms rep period


UL Quality monitoring 
6 ms TCH, sounding every 20 ms 



		UL power control

		Open loop with fractional pathloss compensation (α = 0.8), P0 chosen according to the deployment scenario



		Feedback channel errors

		Error-free, but quantized and delayed.



		Control Channel Overhead, Acknowledgements etc.

		LTE: L = 3 symbols for DL CCHs, M=2 resource block pairs for UL CCH (FDD) or M = 4 resource block pairs for UL CCH (TDD)





E-2 
Organisation 5 System and simulator setup


Table E-4


VoIP parameter settings for Organization 5

		Parameter

		Value



		Duplex method

		FDD

TDDTDD: 5 subframes period:


2 full DL subframes,


Special subframe: DwPTS 11 symbol, GP 1 symbol, UpPTS 2 symbol


2 full UL subframes UL



		Bandwidth

		FDD: 5 MHz, TDD: 10MHz



		Cells

		UMi, UMa, RMa: 57 cells, InH: 2 cells



		Scheduler

		Semi-persistent



		Downlink transmission scheme

		4 × 2 SU-MIMO rank1 Rel-8 codebook



		Uplink transmission scheme

		1 × 4 SIMO



		Receiver type

		MMSE receiver



		Uplink Power control

		Open loop with fractional pathloss compensation, alpha = 0.8, P0 optimized to the given scenario.



		HARQ scheme

		Incremental Redundancy



		Channel estimation

		Ideal channel estimation at receiver


Non-ideal Channel Quality Indication, CQI Error per PRB is N(0,1) dB in DL, error free in UL. 



		Feedback channel errors

		Error-free, but quantized and delayed.



		Control Channel Overhead, 

		L = 3 symbols for DL CCHs, 

FDD: 2 PRBs reserved for UL control in each TTI,


TDD: 4 PRBs reserved for UL control in each TTI.



		Simulation time

		20 seconds





E-3 
Organisation 6 System and simulator setup


A dynamic system level simulator was used for the VoIP capacity analysis. Simulation assumptions are listed in Table E-5. It must be noted that there are some deviations from the Report ITU-R M.2135 (marked with *). For all investigated scenarios a simplified small scale fading has been used based on the Jakes model, which was augmented with frequency correlation. To make the simulations feasible for the used simulator the number of cells was reduced from 57 to 21 cells and the call duration was reduced from 20 seconds to 5 seconds for the base coverage urban and high speed test environments. For the indoor environment, full 20 seconds of call duration and a 2 cell setup has been used.

Table E-5


VoIP parameter settings for Organization 6

		Parameter

		Value



		Duplex method

		FDD and TDD

For TDD, frame structure 1 is used (DL:UL 3:2)



		Bandwidth

		5 MHz



		Cells*

		21 cells, InH is 2 cells only



		Scheduler

		semi-persistent



		Control Channel Overheads

		L = 3 symbols for DL CCHs, M = 2 resource block pairs for UL CCH,


No overhead modelled for RACH, BCH and Synchronisation signals



		Downlink transmission scheme

		1 x 2 SIMO



		Uplink transmission scheme

		1 x 2 SIMO



		Receiver type

		MRC



		Channel Estimation

		Ideal channel estimation at the receiver, Ideal CQI reporting.


DL CQI Report for every DL data transmission, no delay, no overhead


UL based on data transmissions, no delay



		Uplink Power control

		LTE-R8 Open loop with fractional pathloss compensation  alpha = 0.8, P0 =−81.0 dBm



		HARQ scheme

		Chase Combining



		Small Scale Fading*

		Rayleigh Fading generated by Jakes Model augmented with frequency correlation



		Simulation Time*

		20 s for InH, 5 s for others (not including initialization phases)





Annex F

Link budget


In Report ITU-R M.2133 Section 4.2.3.3, link budget templates are given.


For a given deployment scenario many of the parameter values called out in the link budget templates are given in, or are given constraints in Report ITU-R M.2135, § 8. The corresponding parameter entries in the link budget templates follow those sets of values or constraints. 


The parameter entries for which there is no guidance in the template should be provided by the proponent. There is no specific requirement associated with how these input parameters have been chosen by the proponent. Furthermore, there is no specific requirement associated with the results of the link budget calculations. 


In that sense, the link budgets are only informative, but they should be filled in and calculated correctly.

For each of the FDD RIT and TDD RIT, the proponent has supplied link budgets for the LoS and NLOS propagation case (and in the microcellular case also the Outdoor-to-Indoor propagation case) for all mandatory scenarios for all four test environments. For the base coverage urban test environment also link budgets for the optional suburban macro-cell deployment are given. 


In a note after each link budget, the proponent states that “it was necessary to provide separate values for the data channel and the control channel in the following entries: cell area reliability, Items 15, 16, 17, 18 and 25 for the reason that the control channel link budget is based on a set of different parameters from those for the data channel, e.g. the bandwidth, cell area reliability, receiver interference density, shadow fading margin, etc.”  

This is a more detailed approach than what Report ITU-R M.2133 requires and provides more information on the balance between control and data link budgets.

As a conclusion, WINNER+ finds that the proponent has supplied all required information for both the TDD and FDD RIT in all test environments. Furthermore, it has been verified that all these link budgets are filled in and that the calculations has been performed correctly.

Annex G

Channel model calibration material

The assessment of the different IMT-Advanced proposals, LTE-Advanced included, will be made on the basis of the reports prepared by a set of External Evaluation Groups (EEGs) and the self‑evaluation made by the proponents. 


Coordination between evaluation groups was strongly recommended by ITU-R to facilitate comparison and consistency of results and to simplify the understanding of differences in evaluation results achieved by the independent evaluation groups. Indeed, the divergence in the results obtained in the evaluation of the same system is a common problem encountered in all forums where researchers coming from different organizations provide their contributions. A possibility to overcome this situation is the comparison of different approaches using the same calibration process and benchmark data. In this framework, and in order to simplify the IMT-Advanced assessment, ITU-R issued a number of documents describing the evaluation process, requirements and evaluation criteria. In particular, Report ITU‑R M.2135 contains the detailed simulation assumptions and the evaluation methodologies of IMT-Advanced. This document represents a significant calibration effort that intends to ensure the proper harmonization of the tools used by the EEGs for performance evaluation of the IMT-Advanced candidate technologies.


Report ITU-R M.2135 is mainly focused on the definition of the reference scenarios for system level simulations including large and small scale parameters of the channel models. The new stochastic geometric model proposed by ITU-R is far from being simple to implement. Several implementations were freely offered but the main problem is that these implementation are not coherent and do not provide the same outputs. Without a proper calibration of the channel model implementation it is not feasible to build up a consistent evaluation of candidates. This is why the WINNER+EG addressed this channel model calibration from the beginning.


This Annex intends to describe the employed channel model calibration procedure and results. The presented information and benchmark data has also been shared with the remaining EEGs during the evaluation period, in order to foster the required coordination and unification of results.


The calibration data presented in this Annex is available in Excel format at the WINNER+ IMT‑Advanced evaluation web page: 


http://projects.celtic-initiative.org/winner+/WINNER+%20Evaluation%20Group.html

G-1 
Calibration of Large Scale Parameters


For the calibration of large scale channel model parameters (Large Scale Calibration - LSC), multi‑cell system level simulations must be used. Given that this kind of simulators must be used for evaluating the IMT-Advanced requirements of cell spectral efficiency, cell edge user throughput, VoIP capacity and mobility, this LSC is also useful to make a prompt detection of potential simulator incoherence among contributors. Some important properties of the system simulations are determined by the environment description in Report ITU‑R M.2135, including the propagation and channel models.

The metrics used in this calibration are the path gain and the wideband SINR, which are essentially technology independent and hence calibration of these metrics can be performed using just a few additional assumptions compared to what was given in Report ITU‑R M.2135.

The path gain is defined as the ‘average’ signal attenuation between a user terminal and its serving base station cell. The measure includes distance attenuation, shadowing and antenna gains (both at the base station and at the user terminal) while the effects from fast fading are excluded. The path gain may hence be defined as the difference between the (average) transmitted power and the (average) received power.
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The downlink wideband SINR, sometimes also called the geometry, is the (average) power received from the serving cell in relation to the (average) received power from all other cells plus noise. For a user terminal connected to the base station cell i the geometry (G) is defined as:
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where Prx,j is the received power from the base station cell j and N0 is the noise power.


In addition to the evaluation principles and assumptions in Report ITU‑R M.2135 and subsequent channel model clarifications, the following assumptions have been used to derive the path gain and wideband SINR distributions.

Table G-1


Large Scale Assumptions 

		Cell Selection

		1 dB Handover Margin



		Feeder Loss

		2 dB



		BS antenna tilt

		InH

		UMi

		UMa

		RMa

		SMa



		

		N.A.

		12

		12

		6

		6





In the following figures, calibration results from up to seven WINNER+ organizations are presented. 

G-1.1
Path gain and wideband SINR for InH

Figure G-1


Path gain and wideband SINR distributions in the InH scenario 
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G-1.2 
Path gain and wideband SINR for UMi

Figure G-2


Path gain and wideband SINR distributions in the UMi scenario 
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G-1.3
Path gain and wideband SINR for UMa


Figure G-3


Path gain and wideband SINR distributions in the UMa scenario 
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G-1.4
Path gain and wideband SINR for RMa


Figure G-4


Path gain and wideband SINR distributions in the RMa scenario 
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G-1.5
Comparison of calibration results

At a first glance the calibration results of all organizations seem to fit quite well. Some very small differences appear in terms of path gain, most of all for the InH case, but these differences are decreased when considering the wideband SINR distribution. Taking all the results of the given scenarios into account the simulator geometry and large scale parameters are considered calibrated.


G-2 
Calibration of Small Scale Parameters


The small-scale fading characteristics include the delay spread and the angular spread at the base station and at the user terminal. For simplicity, the small-scale fading calibration is performed using omni-directional antennas at both the base station and the user terminal. If other antenna patterns are assumed, e.g., a directional antenna pattern at the base station, the results will be different. Moreover, the calibrations are performed separately for LoS, NLoS and outdoor-to-indoor (OtoI) propagation conditions. OtoI propagation is relevant only in the UMi scenario. For calibration of the angular spread for LoS propagation channels it is important to account for the correction under Section 3 in IMT-ADV/3.


Now assume that each propagation channel comprises N clusters and that each cluster comprises M rays. Assume further that the delay of ray m in cluster n is denoted (n,m and that the associated power is denoted pn,m. In case of LoS propagation the LoS ray is here included as a separate cluster for which, according to Report ITU‑R M.2135, only the first ray in the cluster has a non-zero power.


To calculate the delay spread the average delay 
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is first calculated according to equation (G.3).
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Then, the root-mean-square (RMS) delay spread ((() is calculated according to equation (G.4).
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For the angular spread we use the circular angular spread ((AS) as defined in Annex A of 3GPP TS 25.996, where the angular spread is the minimum spread over different linear shifts (. One small addition is used here, however. Before calculating (n,m,μ(() we wrap the quantity μ((() into the interval [-(, (] according to equation (G.5). This step is not explicitly stated in 3GPP TS 25.996.
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The RMS delay spread ((() and the circular angular spread ((AS) at the base station and at the user terminal are calculated for a large number of radio links and in the calibrations we compare the corresponding distributions. Taking a downlink perspective on the radio channel, the angular spread at the base station and at the user terminal are often denoted angle of departure (AoD) and angle of arrival (AoA), respectively. This notation is also used here below.


G-2.1
Small-scale fading in InH

Figure G-5


RMS delay spread for InH NLoS (left) and LoS (right)
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Figure G-6


Circular AoA for InH NLoS (left) and LoS (right)
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Figure G-7


Circular AoD for InH NLoS (left) and LoS (right)

[image: image41.emf]0


10


20


30


40


50


60


70


80


90


100


0 40 80 120


C.D.F. [%]


AOD (degrees)


Org 1


Org 2


Org 3


Org 4


Org 5


Org 7


Org 8


Average


 [image: image42.emf]0


10


20


30


40


50


60


70


80


90


100


0 40 80 120


C.D.F. [%]


AOD (degrees)


Org 1


Org 2


Org 3


Org 4


Org 5


Org 7


Org 8


Average




G-2.2
Small-scale fading in UMi


Figure G-8


RMS delay spread for UMi NLoS (upper left), LoS (upper right) and
outdoor-to-indoor (lower)
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Figure G-9


Circular AoA for UMi NLoS (upper left), LoS (upper right) and
outdoor-to-indoor (lower)
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Figure G-10


Circular AoD for UMi NLoS (upper left), LoS (upper right) and
outdoor-to-indoor (lower)
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G-2.3
Small-scale fading in UMa


Figure G-11


RMS delay spread for UMa NLoS (left) and LoS (right)
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Figure G-12


Circular AoA for UMa NLoS (left) and LoS (right)
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Figure G-13


Circular AoD for UMa NLoS (left) and LoS (right)
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G-2.4
Small-scale fading in RMa


Figure G-14


RMS delay spread for RMa NLoS (left) and LoS (right)
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Figure G-15


Circular AoA for RMa NLoS (left) and LoS (right)

[image: image60.emf]0


10


20


30


40


50


60


70


80


90


100


0 40 80 120


C.D.F. [%]


AOA (degrees)


Org 1


Org 2


Org 3


Org 4


Org 5


Org 7


Org 8


Average


 [image: image61.emf]0


10


20


30


40


50


60


70


80


90


100


0 40 80 120


C.D.F. [%]


AOA (degrees)


Org 1


Org 2


Org 3


Org 4


Org 5


Org 7


Org 8


Average




Figure G-16


Circular AoD for RMa NLoS (left) and LoS (right)
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Annex H

 LTE Release 8 basic configuration calibration material

The evaluation group WINNER+ has its focus on evaluating the 3GPP IMT-Advanced proposal and as a preparation of the system level evaluations a simulator calibration for a basic LTE Release 8 configuration was performed. The reference LTE Release 8 configuration can be found in [3GPP 36.814].

The purpose of the calibration is hence to make sure that the different simulation tools produce comparable output. Note that an optimization of the system performance was not in the scope of this activity and it was desired to observe not the best performance figures but well aligned performance figures. A similar calibration activity was performed by 3GPP and is presented in Annex A2.2 of [3GPP 36.814]. 

The calibration approach used in WINNER+ evaluation group was a two-step approach: the first step was the channel model calibration, and the second step was the system level simulator calibration (LTE Release 8 configuration based). The channel model is an important component of the system level simulator and after successful channel model calibration the next step was a harmonization of simulators using a procedure that involves all simulator building blocks (e.g. link‑to-system interface, link-adaptation algorithms) to produce output results that are further assessed concerning an alignment of the performance figures originating from different simulation tools. 


In the WINNER+ simulator calibration, the focus was on the user throughput distributions and the cell spectral efficiency as well as the cell-edge user throughput.

Below, in Figures H-1 to H-10, the normalized downlink and uplink user throughput distributions are presented for the different deployment scenarios. 

H-1
Calibration results in uplink

Figure H-1


CDF of Normalized User Throughput in Uplink InH deployment scenario
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Figure H-2


CDF of Normalized User Throughput in Uplink UMi deployment scenario
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Figure H-3


CDF of Normalized User Throughput in Uplink UMa deployment scenario
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Figure H-4


CDF of Normalized User Throughput in Uplink RMa deployment scenario
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Figure H-5


CDF of Normalized User Throughput in Uplink SMa deployment scenario
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H-2
Calibration results in Downlink


Figure H-6


CDF of Normalized User Throughput in Downlink InH deployment scenario
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Figure H-7


CDF of Normalized User Throughput in Downlink UMi deployment scenario
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Figure H-8


CDF of Normalized User Throughput in Downlink UMa deployment scenario
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Figure H-9


CDF of Normalized User Throughput in Downlink RMa deployment scenario
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Figure H-10


CDF of Normalized User Throughput in Downlink SMa deployment scenario
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The LTE Release 8 calibration activity was approached by 7 independent organizations. Downlink calibration in InH, UMi, UMa, RMa, SMa was performed by 5 up to 7 organizations – the number of participants varied depending on test environment. Uplink calibration was approached by 2 to 3 parties.


The observed results obtained from different simulation tools are well aligned with each other. There are some deviations of results from different sources observed (see Section H-3 for a quantitative assessment of calibration) but considering the complexity of the system level simulator and the amount of degrees of freedom (despite a common set of assumptions and models), the obtained alignment of results is satisfactory. 


H-3
Quality of calibration – quantitative assessment

In order to perform quantitative characterization of calibration quality, we introduced the coefficient of variation calculated as:
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are respectively: standard deviation and mean of the cell or cell-edge spectral efficiency in the given deployment scenarios.


Table H-1 presents the coefficients of variation. Note that in the uplink, the figures are based on only a few (two or three) simulation results.

Since the coefficient of variation reflects deviations from the mean relative to the mean value itself, this measure is very sensitive for deviations in the low range of spectral efficiency values. That is why coefficients of variation associated with cell-edge spectral efficiency are significantly higher compared to cell spectral efficiency. 


Coefficients of cell-edge spectral efficiency variation for all test cases fall into a range of 8% – 28% and respectively, coefficients of cell spectral efficiency variation fall into a range of 2% – 15%.


Table H-1


Coefficients of spectral efficiency variation for Release-8 basic configuration simulation results
 in various deployment scenarios

		

		Deployment scenario

		InH

		UMi

		UMa

		RMa

		SMa



		Downlink

		Cell-edge spectral efficiency

		20%

		28%

		20%

		16%

		10%



		

		Cell spectral efficiency

		5%

		12%

		15%

		6%

		12%



		Uplink

		Cell-edge spectral efficiency

		14%

		9%

		8%

		16%

		13%



		

		Cell spectral efficiency

		6%

		2%

		7%

		10%

		8%





Annex I

Complementary evaluation of use case proposed by TCOE India


I-1 
Introduction


In addition to the scenarios defined in ITU-R, M.2135, TCOE India has specified a Rural India Open Area scenario in the following documents:


•
ITU-R, Document 5D/657, “INTERIM REPORT ON THE PROGRESS OF IMT‑ADVANCED CANDIDATE TECHNOLOGY EVALUATION”, http://www.itu.int/md/R07-WP5D-C-0657/en.

•
TCOE India “Parameters for the Open Area Rural Model evaluation”, posted on the ITU-R SG5 Portal, Correspondence Group for IMT-Advanced Evaluation (Forum 3), May 3, 2010.

On a high level, the scenario includes very large cells, Okumura-Hata Open Area propagation, and fixed roof-top mounted terminal antennas. 

This Annex presents LTE-Advanced spectral efficiency results for the Indian Rural Area scenario for a set of different system configurations. 


I-2 
Models and assumptions


The Rural Indian Open Area scenario is described in the documents mentioned above. Some parameters of the scenario may take several values, e.g. the carrier frequency, the terminal antennas height, the inter-site distance (ISD), and the number base station and terminal antennas. These are varied in the evaluations presented below.

For the LTE downlink a standard release 8 SU-MIMO configurations is used. In the uplink a SIMO configuration is used. Cross polarized antennas are assumed. In case of four base station antennas the spacing between the elements is 0.5 wavelengths. 

It should be noted that more sophisticated transmission schemes exist, which may yield better performance.

I-3
Results


Results have been generated by one WINNER+ organization for different carrier frequencies, terminal antennas heights, inter-site distances, and number base station and terminal antennas. 

Results for different carrier frequencies and terminal antenna heights are presented in Figure I-1 to Figure I-6. Figure I-1 shows coupling loss and downlink wideband C/(I+N), or ‘geometry’, for frequencies of 450 and 2 300 MHz, and antennas heights of 3 and 6 m, for an ISD of 40 km. It is as expected seen that the lower the frequency band and the higher the antenna, the smaller the coupling loss. In the worst case, 2 300 MHz and 3 m, the 95th percentile coupling loss is about 115 dB. This is not a very challenging number for LTE. The system is interference limited and the downlink C/(I+N) does not differ between the cases. The geometry distribution is quite high. This is due to the ability of the directional terminal antennas to reduce interference. 

Downlink spectral efficiency and normalized user throughput is shown in Figure I-2. It is seen that rather high spectral efficiencies are achieved. This is due to the high geometry distribution. As expected from the small differences in geometry between the frequency bands and antennas heights, the differences in spectral efficiency are also small. Uplink results are presented in Figure I-3. Also here the difference between the cases is negligible. Again absolute numbers are quite high. 

Results for different ISDs, 30, 40 and 50 km, are presented in Figure I-4 and Figure I-5 for downlink and uplink, respectively. It is seen that varying the ISD within this range does not affect the results. 

Figure I-1


Coupling loss and downlink wideband C/(I+N) for different frequency bands and terminal
antenna heights. ISD 40 km.
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Figure I-2


Downlink spectral efficiency and normalized user throughput for different frequency bands and
terminal antenna heights. ISD 40 km and 4 x 2 SU-MIMO.
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Figure I-3


Uplink spectral efficiency and normalized user throughput for different frequency bands and
terminal antenna heights. ISD 40 km and 1 x 4 SIMO.
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Figure I-4


Downlink spectral efficiency and normalized user throughput for different ISDs.
4 x 2 SU-MIMO, 2 300 MHz, and 3 m terminal antenna height.
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Figure I-5


Uplink spectral efficiency and normalized user throughput for different ISDs.
4x2 SU-MIMO, 2 300 MHz, and 3 m terminal antenna height.


[image: image85.emf]30km ISD 40km ISD 50km ISD


0


0.5


1


1.5


2


2.5


Avg cell tp [bps/Hz/cell]


UL


2.65


±1.8%


2.65


±2.6%


2.64


±3.9%


30km ISD 40km ISD 50km ISD


0


0.05


0.1


0.15


0.2


Cell-edge user tp [bps/Hz]


0.126


±11.0%


0.125


±5.5%


0.122


±11.5%


[image: image86.emf]0 0.2 0.4 0.6 0.8 1


0


20


40


60


80


100


Normalised User Throughput [bps/Hz]


C.D.F. [%]


UL


 


 


30km ISD mc/mu/ce 2.65/0.265/0.126 bps/Hz


40km ISD mc/mu/ce 2.65/0.265/0.125 bps/Hz


50km ISD mc/mu/ce 2.64/0.264/0.122 bps/Hz




Figure I-6


Downlink spectral efficiency and normalized user throughput for different antenna configurations. 
ISD 40 km, 2 300 MHz, and 3 m terminal antenna height.
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Figure I-7


Uplink spectral efficiency and normalized user throughput for different antenna configurations. 
ISD 40 km, 2 300 MHz, and 3 m terminal antenna height.
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Results for different downlink antenna configurations are shown in Figure I-6. A large difference between the cases is seen. The number of receive (terminal) antennas has the largest impact. The number of transmit antennas however also has a significant impact, especially at the cell-edge spectral efficiency. Uplink results are shown in Figure I-7. Also here a large impact is seen from the number of receive (base station) antennas. 

I-4
Summary


Results indicate that high spectral efficiencies are achievable in the Indian Rural Open Area scenario. As the scenario is interference limited, the results are not very sensitive to frequency bands, antennas heights, and inter-site distance. However, the number of base station and terminal antennas has a large impact on the results.
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