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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 WCAI 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 submission in Document IMT-ADV/4 was submitted by WCAI Evaluation Group (Doc. 5D/750). 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
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
Does the evaluation report indicate that the candidate technology meet 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
3 Evaluation Report
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		final report of WCAI IMT-Advanced Evaluation Group (WCAI EG)





Background


WCAI Evaluation Group (WCAI EG) was chartered in November 2008 by WCAI and its engineering committee to participate in evaluation of IMT-Advanced candidate Radio Interface Technologies (RIT). The decision was announced to the ITU-R on 22 December 2008. Subsequently, WCAI EG was listed on the ITU-R web site for IMT-Advanced <http://www.itu.int/ITU-R/index.asp?category=study-groups&rlink=rsg5-imt-advanced&lang=en>. WCAI EG also set up a web site to help with exchange of information with members and other Evaluation groups <http://www.wcai.com/taskf_IMT-Advanced.php>.  

On 24 August 2009, WCAI EG stated its intent to participate in the 3rd IMT-Advanced workshop held in Dresden, Germany, in conjunction with ITU-R Working Party 5D meeting #6, and subsequently participated in the workshop. 

WCAI EG participated in evaluation group coordination meetings and workshops held by IEEE and 3GPP in December 2009, January 2010 and May 2010 and presented status updates and exchanged views with other evaluation groups.

WCAI EG’s work has been contribution-driven. The group worked through electronic means (web site, teleconferences, email reflector) to progress its work and produce an evaluation report. 


Evaluation Report


WCAI EG received contributions on evaluating the IEEE technology contained in IMT-ADV/4 (IEEE WirelessMAN-Advanced). As a result, WCAI EG submitted its preliminary evaluation report to WP 5D meeting #7 in February 2010 (Document 5D/667). WCAI EG continued its work afterwards to complete the remaining items and produced its final evaluation report. Below is an electronic attachment containing WCAI EG’s final evaluation report.
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WCAI EG believes that the attached report completes the evaluation of the IEEE WirelessMAN-Advanced presented in IMT-ADV/4. 


Proposal


In summary, WCAI EG’s findings confirm that the technology proposed in IMT-ADV/4, i.e. IEEE WirelessMAN-Advanced, meets all the criteria for IMT-Advanced and therefore should move to step 8 of the IMT-Advanced process. 

______________

*	Submitted on behalf of Wireless Communications Association International� (WCAI).
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1
Introduction



Founded in 1988, the Wireless Communications Association International (WCAI) is an international, nonprofit, technology-neutral trade association whose members comprise the entire wireless broadband ecosystem. WCAI promotes growth of wireless broadband through programs that enhance industry standards, collect and disseminate relevant economic and regulatory information, and increase public awareness of industry’s products and services.  It seeks to establish a regulatory environment that is favorable to the wireless broadband industry’s products and services by fostering global interoperability agreements among wireless broadband operators and promoting global spectrum harmonization and favorable regulatory treatment of wireless broadband services.


2
Background



WCAI Evaluation Group (WCAI EG) was chartered in November 2008 to participate in evaluation of IMT-Advanced candidate Radio Interface Technologies (RIT). The decision was announced to the ITU-R on 22 December 2008. Subsequently, WCAI EG was listed on the ITU-R web site for IMT-Advanced <http://www.itu.int/ITU-R/index.asp?category=study-groups&rlink=rsg5-imt-advanced&lang=en>. WCAI EG also set up a web site to help with exchange of information with members and other Evaluation groups <http://www.wcai.com/taskf_IMT-Advanced.php>.  


On 24 August 2009, WCAI EG stated its intent to participate in the 3rd IMT-Advanced workshop held in Dresden, Germany, in conjunction with ITU-R Working Party 5D meeting #6, and subsequently participated in the workshop. 


WCAI EG has captured its work in two documents; 1) a preliminary evaluation report submitted to the ITU-R (document 5D/667) and a final evaluation report (current document).



3
Method of Work



WCAI EG conducted its work mainly through electronic means using teleconferences and email correspondence. 


3.1
EG Charter



WCAI EG charter, as posted on the WCAI web site, is as follows:



· To evaluate candidate IMT-Advanced technologies against the ITU-R criteria. 



· To consider the information in proponents submissions to the ITU-R as the starting point for the evaluation process. 



· To make efforts, during the process, to coordinate and share information/results with proponents and other evaluation groups with the aim of consensus building 



· To participate in, and submit final results to, the ITU-R meetings up to the deadlines (WP 5D meetings No. 7 and No. 8) 



3.2
Interaction with other EGs



WCAI EG participated in two Evaluation group Coordination Meetings arranged by the proponents of IMT-ADV/4 (“IEEE Technology”) and IMT-ADV/9 (“3GPP Technology”). 



3.2.1
3GPP Evaluation Group Workshops


The first of these meetings  was announced during the October meeting of ITU-R WP 5D. The goal of this meeting was to facilitate exchange of ideas among EGs that are evaluating 3GPP technology and direct interface to the proponents. The meeting was held in Beijing, China, on 17-18 December 2009. WCAI expressed interest to the meeting Chair to participate in this meeting. Representatives from WCAI EG attended this meeting. Since WCAI EG had not started its work on evaluation of 3GPP technology it did not have a presentation at this meeting. However, WCAI EG representatives asked several questions in order to better understand the RIT proposed in IMT-ADV/9.



WCAI EG also participated in the second 3GPP evaluation group workshop which was held in Beijing, China, on 18 May 2010. WCAI expressed interest to the meeting Chair to participate in this meeting. Representatives from WCAI EG attended this meeting. Since WCAI EG had not received any input on evaluation of 3GPP technology it did not have a presentation at this meeting. However, WCAI EG representatives asked several questions in order to better understand the RIT proposed in IMT-ADV/9.


3.2.2
IEEE Evaluation Group Coordination Meetings


The first meeting was announced in IEEE’s submission on their candidate RIT and contained in IMT-ADV/4. The goal of this meeting was to facilitate exchange of ideas among EGs that are evaluating IEEE WirelessMAN-Advanced and direct interface to the proponents. The meeting was held in San Diego, USA, on 13 January 2010 in conjunction with IEEE 802.16 Working Group Session. WCAI expressed interest to IEEE 802.16 Chair to participate in this meeting. Representatives from WCAI EG attended this meeting and presented on the status of evaluations in WCAI EG.  WCAI EG Chair’s presentation to this meeting can be found at <http://www.ieee802.org/16/liaison/docs/L80216-10_0004r1.pdf>. 


WCAI EG was also invited to the second IEEE IMT-Advanced Evaluation Group Coordination meeting which was held in Beijing, China, on 17 May 2010. WCAI EG was represented by its Chair and some other members at this meeting. WCAI EG Chair presented to this meeting on behalf of the group. WCAI EG Chair’s presentation to this meeting can be found at < http://www.wirelessman.org/liaison/docs/L80216-10_0062.pdf>. 


AT both these meetings, WCAI EG representatives participated in Q&A session during the meetings and benefitted from the material presented by IEEE 802.16 Working Group experts regarding the RIT proposed in IMT-ADV/4.



3.2.3
Future plans


WCAI EG plans to submit this final report to ITU-R WP 5D. Representatives from WCAI EG will participate in WP 5D meeting in June 2010 to present this report and take part in the discussions regarding finalization of the remaining steps of the IMT-Advanced process including consensus building. 


3.3
Assessment Methodology



WCAI EG follows the assessment methodology detailed in Report ITU-R M.2135, “Guidelines for evaluation of radio interface technologies for IMT-Advanced.” 



Table 6-1 in Section 6 of M.2135 summarizes the characteristics of the RITs to be evaluated. This table is reproduced here for the sake of easy reference.



Table 1 - Characteristics for evaluation


			Characteristic for evaluation


			Method


			Evaluation methodology / configurations


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





			Cell spectral efficiency


			Simulation (system level)


			§ 7.1.1, Tables  8-2, 8-4 and 8-5


			Report ITU-R M.2134, § 4.1





			Peak spectral efficiency


			Analytical


			§ 7.3.1, Table 8-3


			Report ITU-R M.2134, § 4.2





			Bandwidth


			Inspection


			§ 7.4.1


			Report ITU-R M.2134, § 4.3





			Cell edge user spectral efficiency


			Simulation (system level)


			§ 7.1.2, Tables, 8-2, 8-4 and 8-5


			Report ITU-R M.2134, § 4.4





			Control plane latency


			Analytical


			§ 7.3.2, Table 8-2


			Report ITU-R M.2134, § 4.5.1





			User plane latency


			Analytical


			§ 7.3.3; Table 8-2


			Report ITU-R M.2134, § 4.5.2





			Mobility


			Simulation (system and link level)


			§ 7.2, Tables 8-2 and 8-7


			Report ITU-R M.2134, § 4.6





			Intra- and inter-frequency handover interruption time


			Analytical


			§ 7.3.4, Table 8-2


			Report ITU-R M.2134, § 4.7





			Inter-system handover


			Inspection


			§ 7.4.3


			Report ITU-R M.2134, § 4.7





			VoIP capacity


			Simulation (system level)


			§ 7.1.3, Tables  8-2, 8-4 and 8-6


			Report ITU-R M.2134, § 4.8





			Deployment possible in at least one of the identified IMT bands


			Inspection


			§ 7.4.2


			Report ITU-R M.2133, § 2.2 





			Channel bandwidth scalability


			Inspection


			§ 7.4.1


			Report ITU-R M.2134, § 4.3





			Support for a wide range of services


			Inspection


			§ 7.4.4


			Report ITU-R M.2133, § 2.1








WCAI EG uses this table as guideline for its assessment of the proposed RITs. 



4
Administrative Information



WCAI EG web site <http://www.wcai.com/taskf_IMT-Advanced.php> contains information on the evaluation group charter, historical documents on how the group conducted its work, as well as background documents including ITU-R submissions. 



This document is final evaluation report of WCAI EG and an update to previously submitted, preliminary evaluation report (5D/667). It can be found on the WCAI EG web site.


Contact information:



Reza Arefi 
Chairman, WCAI EG



Director of Spectrum Policy and Wireless Standards, Intel Corporation


Reza.arefi@intel.com 



Susan Polyakova 
Vice President, Communications & Strategy, WCAI


susan@wcai.com


5
Evaluation Details



WACI EG notes the contribution 5D/681 from IEEE, in which the name “IEEE WirelessMAN-Advanced” is chosen for the RIT proposed in IMT-ADV/4. Accordingly, we will use this term throughout this report. 


5.1
Comments on Completeness



5.1.1
IEEE WirelessMAN-Advanced


WCAI agrees with ITU-R WP 5D’s view that the proposal contained in IMT-ADV/4 constitutes a complete submission package. 


5.2
Comments on Technology Description Material



5.2.1
Characteristics



5.2.1.1
IEEE WirelessMAN-Advanced


WCAI EG has studies Section 6.1 of IMT-ADV/4 which contains technology description material on characteristics of the RIT proposed in IMT-ADV/4. 


WCAI EG also notes the correspondence on ITU-R Correspondence Group on mid-amble overhead calculations, which resulted an update to Section 7.2.4 of IMT-ADV/4 and peak spectral efficiency calculations. The changes, as amended by TTA EG, resulted in some modifications to Section 4.2.3.2.4.2 in section 6.1 of the technology description template (Layer 1 and Layer 2 overhead estimation) to include the effect of the MIMO mid-amble on the DL L1 overhead as contained in uploaded Word document. The new values are reproduced below.


Table 6-3:L1/L2 overhead estimation



			CP=1/8, BW=10 MHz, DL 2x2 MIMO


			Minimum


			Maximum





			L1 overhead


			0.3104 


			0.3104





			Total overhead (L1/L2)


			0.3532 


			0.4380





			CP=1/16, BW=20 MHz, DL 4x2 MIMO






			Minimum


			Maximum





			L1 overhead


			0.2824 


			0.2824





			Total overhead (L1/L2)


			0.3029 


			0.3441








With the above clarifications, WCAI EG believes that Section 6.1 of IMT-ADV/4 provides comprehensive description of the IEEE WirelessMAN-Advanced and is satisfied with the technology description material provided in IMT-ADV/4 with no further comments. 


5.2.2
Link Budget



5.2.2.1
IEEE WirelessMAN-Advanced


The following points summarize our analysis of the link budget contained in IMT-ADV/4:



· The link budget information contained in IMT-ADV/4 follows the related guidelines in Report ITU-R M.2135-1. The proposal contains link budget information for all mandatory test environments. 



· The assumptions on the downlink and uplink subchannelization schemes, downlink pilot boosting value, and HARQ gain are reasonable and sound. 



· The assumptions on the shadowing fade margin for each test environment are also reasonable and sound.



· The adopted methodology for calculating the data rate and spectral efficiency in each test environment and duplexing mode is reasonable and sound. 


It is noted that the assumption of lower data rates and spectral efficiencies will inevitably lead to better coverage data compared to the data contained in IMT-ADV/4. Further, it is stressed that the adoption of realistic values for the control channel bandwidth in the uplink will also lead to better coverage data compared to the uplink control channel coverage information contained in IMT-ADV/4.



In the following tables, the results from the simulations are presented. Tables 2 and 3 present the required SNR values present in each link budget template of IMT-ADV/4 for the data channel (for both TDD and FDD modes of IEEE WirelessMAN-Advanced) for the downlink and uplink respectively. 


Table 4 presents the corresponding data of Tables 2 and 3 for the downlink and uplink control channels. As mentioned in IMT-ADV/4, the NLoS channel models were considered for each test environment since those models constitute the limiting factor for coverage in the IMT-Advanced evaluation methodology. For comparison purposes, the proponent results from IMT-ADV/4 are also included in each table. 


Table 2: Required SNR values for the downlink data channel of IEEE WirelessMAN-Advanced (TDD and FDD modes)



			Test environment


			IMT-ADV/4 (all values in dB)


			WCAI EG results (all values in dB)





			


			TDD


			FDD


			TDD


			FDD





			Indoor


			1.41


			1.23


			1.47


			1.83





			Microcellular


			-1.05


			-1.68


			-0.47


			-1.07





			Base coverage urban


			-0.21


			-0.24


			0.07


			0.01





			High speed


			-0.70


			-1.06


			-0.23


			-0.50








Table 3: Required SNR values for the uplink data channel of IEEE WirelessMAN-Advanced (TDD and FDD modes)



			Test environment


			IMT-ADV/4 (all values in dB)


			WCAI EG results (all values in dB)





			


			TDD


			FDD


			TDD


			FDD





			Indoor


			-0.24


			-0.50


			0.05


			0.29





			Microcellular


			-0.96


			-1.14


			-0.63


			-0.21





			Base coverage urban


			-0.82


			-0.59


			0.20


			0.76





			High speed


			0.37


			1.03


			1.61


			2.44








Table 4: Required SNR values for the control channels of IEEE WirelessMAN-Advanced (downlink A-A-MAP and uplink PFBCH)



			Test environment


			IMT-ADV/4 (all values in dB)


			WCAI EG results (all values in dB)





			


			Downlink


			Uplink


			Downlink


			Uplink





			Indoor


			-0.56


			-2.48


			-1.55


			-3.02





			Microcellular


			-1.57


			-4.10


			-1.97


			-4.25





			Base coverage urban


			-1.95


			-3.97


			-1.82


			-3.82





			High speed


			-1.19


			-2.42


			-0.93


			-2.28








As it can be verified from the results in Tables 1 to 3, there is good correlation between the link level results of the evaluator and the proponent. Therefore, the coverage data presented in ADV/4 are reasonable and sound based on the followed assumptions. 


For detailed link budget tables please refer to Annex 2. 


5.3
Comments on Self-Evaluation Material



5.3.1
Service Requirements



5.3.1.1
IEEE WirelessMAN-Advanced


Table below is extracted from Attachment 1, Part 4, Section 8.1 of IMT-ADV/4.



			


			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


			The proposed RIT supports a number of QoS classes (see Section 10.10 of {4} for more details) that are designed to enable a wide range of services and applications. These services include but are not limited to the following:


1. Multicast and broadcast services (see Section 16 of {4} for more details) would allow support of IP-based multimedia applications such as real-time and non-real-time audio and video streaming, IP-TV, web-casts, etc.


2. Location based services (see Section 12 of {4} for more details) would allow support of location based applications such as interactive maps and navigation applications, etc.


3.  Low one-way air-link transmission latency of less than 5 ms and short handoff interruption time of less than 20 ms would allow real-time applications such as interactive gaming, on-line collaborations, etc.


4. High capacity VoIP service is enabled (see Section 10 and 11 of {4} for more details) through efficient DL/UL control channel design, advanced DL/UL MIMO techniques, persistent and group scheduling schemes, low user and control plane latencies. 


5. IP-based data services such as HTTP, e-mail, web-browsing, file transfer are enabled through high spectral efficiency, low user and control plane latencies and flexible QoS classes (see Section 7.2.5 for more details)





			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


			Given that basic conversational service* is typically characterized by per user throughputs of 20 kbps and latencies of less than 50 ms, using baseline antenna configuration and 10 MHz bandwidth, the proposed RIT with average user throughput of greater than 2.6 Mbps in the DL and 1.3 Mbps in the UL as well as one-way access latency of less than 5 ms does support this kind of service (see Sections 10 and 11 of {4} for more details)


The handover interruption time for intra-Frequency Assignment (FA) is 5-10 ms and for inter-FA is 5 to 35 ms which both are significantly less the IMT-Advanced corresponding requirements which would enable a large number of service classes using the proposed RIT.


 The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.


*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 








			4.2.4.1.1.2


			Support of rich conversational service class


Is the proposal able to support rich conversational service class?





                   (YES / NO


			Given that rich conversational service* is typically characterized by per user throughputs of 5 Mbps and latencies of less than 20 ms, using baseline antenna configuration and 20 MHz bandwidth, the proposed RIT with average user throughput of greater than 5.2 Mbps in the DL and 2.6 Mbps in the UL as well as one-way access latency of less than 5 ms does support this kind of service (see Sections 10 and 11 of {4} for more details)


The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.


*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 








			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


			Given that conversational low delay service* is typically characterized by per user throughputs of 150 kbps and latencies of less than 10 ms, using baseline antenna configuration and 10 MHz bandwidth, the proposed RIT with average user throughput of greater than 2.6 Mbps in the DL and 1.3 Mbps in the UL as well as one-way access latency of less than 5 ms does support this kind of service (see Sections 10 and 11 of {4} for more details)


The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.


*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 











The above claims were verified through inspection of the references in IMT-ADV/4 and further checked with IEEE 802.16m draft specification (see section 16.2.12 of P802.16m/D6). The following table is a summary of the QoS classes that are supported by the proposed RIT. Furthermore, it was confirmed that the proposed RIT supports enhanced multicast and broadcast service that includes video and audio streaming services (see section 16.9 of P802.16m/D6 for additional information).


Table 5 - Summary of IEEE WirelessMAN-Advanced QoS classes


			QoS Class


			Applications


			QoS Specifications





			UGS



Un-Solicited Grant Service


			VoIP


			Maximum sustained rate,  Maximum latency tolerance, Jitter tolerance





			rtPS



Real-Time Packet Service


			Streaming Audio, Video


			Minimum Reserved Rate, Maximum Sustained Rate, Maximum Latency Tolerance, Traffic Priority





			ErtPS



Extended Real-Time Packet Service


			Voice with Activity Detection (VoIP)


			Minimum Reserved Rate, Maximum Sustained Rate, Maximum Latency Tolerance, Jitter Tolerance, Traffic Priority





			nrtPS



Non-Real-Time Packet Service


			FTP


			Minimum Reserved Rate, Maximum Sustained Rate, Traffic Priority





			BE



Best-Effort Service


			Data Transfer, Web Browsing


			Maximum Sustained Rate, Traffic Priority





			aGPS



Adaptive Granting and Polling


			Application Agnostic


			Maximum Sustained Traffic Rate, the Request/Transmission Policy, Primary Grant and Polling Interval, Primary Grant Size








5.3.1.1.1
Evaluator’s assessment 


Comparing the above statements with functionalities specified in referenced documents in IMT-ADV/4 and further information in IEEE 802.16m draft specification (Table 5 above) confirms the proponent’s claims regarding the service requirements.



5.3.2
Spectrum Requirements



5.3.2.1
IEEE WirelessMAN-Advanced


Table below is extracted from Attachment 1, Part 4, Section 8.2 of IMT-ADV/4.



			


			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.


The proposed RIT supports deployment in all bands identified for IMT in ITU-R Radio Regulations. In addition, proposed RIT supports non-IMT bands below 6 GHz allocated to the Fixed Service and/or Mobile Service. (See below for more details on some of the band classes in which the proposed RIT can be deployed).


Table 8-1: Some of supported frequency bands


Band Class


UL AMS Transmit  Frequency (MHz)


DL AMS Receive  Frequency (MHz)


Duplex Mode


1


2300-2400


2300-2400


TDD


2


2305-2320, 2345-2360


2305-2320, 2345-2360


TDD


2345-2360


2305-2320


FDD


3


2496-2690


2496-2690


TDD


2496-2572


2614-2690


FDD


4


3300-3400


3300-3400


TDD


5L


3400-3600


3400-3600


TDD


3400-3500


3500-3600


FDD


5H


3600-3800


3600-3800


TDD


6


1710-1770


2110-2170


FDD


1920-1980


2110-2170


FDD


1710-1755


2110-2155


FDD


1710-1785


1805-1880


FDD


1850-1910


1930-1990


FDD


1710-1785, 1920-1980


1805-1880, 2110-2170


FDD


1850-1910, 1710-1770


1930-1990, 2110-2170


FDD


7


698-862


698-862


TDD


776-787


746-757


FDD


788-793, 793-798


758-763, 763-768


FDD


788-798


758-768


FDD


698-862


698-862


TDD/FDD


824-849


869-894


FDD


880-915


925-960


FDD


698-716, 776-793


728-746, 746-763


FDD


8


1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920


1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920


TDD


9


450-470


450-470


TDD


450.0-457.5


462.5-470.0


FDD











5.3.2.1.1
Evaluator’s assessment


From the Spectrum Compliance template shown above, the IEEE WirelessMAN-Advanced supports multiple IMT bands so the proponent’s statement is verified.


5.3.3
Minimum Technical Performance


5.3.3.1
IEEE WirelessMAN-Advanced


Simulation results were received for the IEEE WirelessMAN-Advanced. The simulation assumptions and parameters used in the simulations presented below (full-buffer data, VoIP, and mobility requirement) are fully compliant with Annex 3 of ITU-R IMT-ADV/4. 



5.3.3.1.1
Simulations results for the TDD mode of IEEE WirelessMAN-Advanced


Table 6 includes a summary of results for simulating IEEE WirelessMAN-Advanced (TDD mode) on minimum technical performance items.


Table 6 – Minimum technical performance results for TDD


			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)





			Require-ment met?


			Evaluator’s Comments



 





			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			3


			6.75


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			


			Uplink


			2.25


			5.20


			(
Yes


			





			


			Microcellular


			Downlink


			2.6


			3.45


			(
Yes


			





			


			


			Uplink


			1.8


			2.60


			(
Yes


			





			


			Base coverage urban


			Downlink


			2.2


			2.62


			(
Yes


			





			


			


			Uplink


			1.4


			2.38


			(
Yes


			





			


			High speed


			Downlink


			1.1


			3.58


			(
Yes


			





			


			


			Uplink


			0.7


			2.45


			(
Yes


			





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


			Indoor


			Downlink


			0.1


			0.235


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			


			Uplink


			0.07


			0.361


			(
Yes


			





			


			Microcellular


			Downlink


			0.075


			0.087


			(
Yes


			





			


			


			Uplink


			0.05


			0.137


			(
Yes


			





			


			Base coverage urban


			Downlink


			0.06


			0.071


			(
Yes


			





			


			


			Uplink


			0.03


			0.113


			(
Yes


			





			


			High speed


			Downlink


			0.04


			0.095


			(
Yes


			





			


			


			Uplink


			0.015


			0.125


			(
Yes


			





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


			Indoor


			Uplink


			1.0


			LOS: 3.51



NLOS: 3.41


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			Microcellular


			Uplink


			0.75


			LOS: 1.64



NLOS: 1.33


			(
Yes


			





			


			Base coverage urban


			Uplink


			0.55


			LOS: 1.58



NLOS: 1.26


			(
Yes


			





			


			High speed


			Uplink


			0.25


			LOS: 1.54



NLOS: 1.23


			(
Yes


			





			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


			146


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			84


			(
Yes


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			78


			(
Yes


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			99


			(
Yes


			








5.3.3.1.2
Simulations results for the FDD mode of IEEE WirelessMAN-Advanced


Table 7 includes a summary of results for simulating IEEE WirelessMAN-Advanced (FDD mode) on minimum technical performance items.



Table 7 – Minimum technical performance results for FDD


			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)





			Require-ment met?


			Evaluator’s Comments



 





			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			3


			6.85


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			


			Uplink


			2.25


			5.40


			(
Yes


			





			


			Microcellular


			Downlink


			2.6


			3.57


			(
Yes


			





			


			


			Uplink


			1.8


			2.66


			(
Yes


			





			


			Base coverage urban


			Downlink


			2.2


			2.63


			(
Yes


			





			


			


			Uplink


			1.4


			2.46


			(
Yes


			





			


			High speed


			Downlink


			1.1


			3.58


			(
Yes


			





			


			


			Uplink


			0.7


			2.54


			(
Yes


			





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


			Indoor


			Downlink


			0.1


			0.239


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			


			Uplink


			0.07


			0.377


			(
Yes


			





			


			Microcellular


			Downlink


			0.075


			0.090


			(
Yes


			





			


			


			Uplink


			0.05


			0.141


			(
Yes


			





			


			Base coverage urban


			Downlink


			0.06


			0.069


			(
Yes


			





			


			


			Uplink


			0.03


			0.117


			(
Yes


			





			


			High speed


			Downlink


			0.04


			0.095


			(
Yes


			





			


			


			Uplink


			0.015


			0.130


			(
Yes


			





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


			Indoor


			Uplink


			1.0


			LOS: 3.64



NLOS: 3.56


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			Microcellular


			Uplink


			0.75


			LOS: 1.70



NLOS: 1.41


			(
Yes


			





			


			Base coverage urban


			Uplink


			0.55


			LOS: 1.66



NLOS: 1.30


			(
Yes


			





			


			High speed


			Uplink


			0.25


			LOS: 1.61



NLOS: 1.27


			(
Yes


			





			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


			144


			(
Yes


			The RIT exceeds criteria in all test environments.





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			80


			(
Yes


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			74


			(
Yes


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			96


			(
Yes


			





			(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.








5.3.3.1.3
Evaluator’s assessment


As evident in Table 3 and table 4, the proposed RIT meets and exceeds the ITU-R criteria in all categories. 


5.4
Other Criteria


5.4.1
IEEE WirelessMAN-Advanced


5.4.1.1
Latency



Text  below is extracted from Attachment 1, Part 4, Section 7.2.5 of IMT-ADV/4.



The analyses in this section use the network reference model [4]. In these analyses, it is assumed that each 5 ms radio frame of the proposed RIT consists of eight subframes of 0.617 ms length and the transmission time interval (TTI) is equal to one subframe. The mobile station and base station processing times are assumed to be three subframes (3*TTI).


Figure 7-1


Network reference model [4]
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This analysis further assumes an intra-ASN handover mechanism where the serving and target base stations belong to the same ASN entity.


5.4.1.1.1
User Plane Latency



Text below is extracted from Attachment 1, Part 4, Section 7.2.5.1 of IMT-ADV/4.



HARQ retransmission probability is estimated based on both 10% and 30% HARQ retransmission probabilities. The HARQ RTT is estimated as 8*TTI as shown below for FDD duplex scheme and a synchronous HARQ scheme. The HARQ RTT for the TDD mode assuming DL:UL ratio of 5:3 and one DL/UL switching point per radio frame is 8*TTI.
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Figure 7-2: Example synchronous HARQ in FDD duplex mode


The following reference model is used to estimate the user-plane latency.


 SHAPE  \* MERGEFORMAT 





Figure 7-3: User-plane latency calculation model


The following table summarizes the result of the analysis:


			Step


			Description


			User-Plane Latency



(10% HARQ Retransmission Probability)


			User-Plane Latency



(30% HARQ Retransmission Probability)





			0


			AMS wakeup time


			Implementation Dependent


			Implementation Dependent





			1


			AMS Processing Delay


			3 * 0.617 = 1.85 ms


			3 * 0.617 = 1.85 ms





			2


			Queuing/Frame Alignment


			FDD: 0.31  



TDD: 2.5 ms 


			FDD: 0.31 



TDD: 2.5 ms 





			3


			TTI for UL data packet (Piggy back scheduling information)


			0.617 ms


			0.617 ms





			4


			HARQ Retransmission


			0.1 * 5 ms


			0.3 * 5 ms





			5


			ABS Processing Delay


			3 * 0.617 = 1.85 ms


			3 * 0.617 = 1.85 ms





			


			Total one way access delay


			FDD: 5.13 ms 



TDD: 7.32 ms


			FDD: 6.13 ms


TDD: 8.32 ms








5.4.1.1.1.1
Evaluator’s assessment


The results of our analysis as well as inspection of the documents referenced in IMT-ADV/4, and additional information in IEEE 802.16m draft specification (see sections 16.3.3 and 16.2.14 of P802.16m/D6), confirms the user-plane latencies reported by the proponent. Also the probability of retransmission or the probability of airlink transmission error (prior to HARQ) of 30% considered by the proponent is very conservative.


5.4.1.1.2
Control Plane Latency



Text below is extracted from Attachment 1, Part 4, Section 7.2.5.2 of IMT-ADV/4.



Table 7-18 contains assumptions and results for control-plane latency analysis for the proposed RIT.


Table 7-18: Control-plane Latency for 10% and 30% Probability of HARQ Retransmissions


			Step


			Description


			Control-Plane Latency



(10% HARQ Retransmission Probability)


			Control-Plane Latency



(30% HARQ Retransmission Probability)





			0


			AMS wakeup time


			Implementation dependent


			Implementation dependent





			1


			DL scanning and synchronization + Acquisition of the broadcast channel (system configuration information) for initial system entry


			< 50 ms



Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently


			< 50 ms



Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently





			2


			Random access procedure (UL CDMA Code + ABS Processing + DL CDMA_ALLOC_IE)


			5 ms


			5 ms





			3


			Initial ranging (RNG-REQ + ABS processing + RNG-RSP)



+ HARQ retransmission of one message at 10% or 30%, only first-order estimation


			HARQ case: 1 frame * 0.9*0.9 + 2 frame * 2*0.1*0.9 + 3 frame * 0.1*0.1 = 1.2 frame = 6 ms



The assumption is the message will either succeed in #1 transmission with probability=0.9 or succeed in #2 transmission with probability=0.1


			HARQ case: 1 frame * 0.7*0.7 + 2 frame * 2*0.3*0.7 + 3 frame * 0.3*0.3 = 1.6 frame = 8 ms



The assumption is the message will either succeed in #1 transmission with probability=0.7 or succeed in #2 transmission with probability=0.3





			4


			Capability negotiation (SBC-REQ + ABS processing + SBC-RSP) + HARQ retransmission


			< 5 ms



(0.1 * 5 ms for HARQ ReTX)


			< 5 ms



(0.3 * 5 ms for HARQ ReTX)





			5


			Authorization and authentication/key exchange (PKM-REQ + ABS processing + PKM-RSP + …) +HARQ retransmission


			< 5 ms



(0.1 * 5 ms for HARQ ReTX)


			< 5 ms



(0.3 * 5 ms for HARQ ReTX)





			6


			Registration (REG-REQ + ABS/ASN-GW  processing + REG-RSP) + HARQ retransmission


			< 5 ms



(0.1 * 5 ms for HARQ ReTX)


			< 5 ms



(0.3 * 5 ms for HARQ ReTX)





			7


			RRC connection establishment (DSA-REQ + ABS processing + DSA-RSP + DSA-ACK) + HARQ retransmission


			< 5 ms



(0.1 * 5 ms for HARQ ReTX)


			< 5 ms



(0.3 * 5 ms for HARQ ReTX)





			


			Total C-plane connection establishment delay


			< 31 ms


			< 33 ms





			


			Total IDLE_STATE –> ACTIVE_ACTIVE delay


			< 81 ms


			< 83 ms








5.4.1.1.2.1
Evaluator’s assessment


The results of our analysis as well as inspection of the documents referenced in IMT-ADV/4, and additional information in IEEE 802.16m draft specification (see sections 16.3.3 and 16.2.14 of P802.16m/D6), confirms the control-plane latencies reported by the proponent. Also the probability of retransmission or the probability of airlink transmission error (prior to HARQ) of 30% considered by the proponent is very conservative.



5.4.1.1.3
Evaluator’s assessment


It has been verified that the IEEE WirelessMAN-Advanced meets the IMT-Advanced user-plane and control-plane latency requirements.



5.4.1.2
Handover 



5.4.1.2.1
Intra-RIT Handover Interruption Time


Text below is extracted from Attachment 1, Part 4, Section 7.2.5.3 of IMT-ADV/4.



In the proposed RIT, the handover (HO) can be initiated by either the AMS or the S-ABS. The HO process is initiated when the AMS issues a HO request to the S-ABS or when the S-ABS issues a HO command to the AMS. The HO request/command is issued following Mobile-Assisted HO (MAHO) procedures. The AMS acquires the network topology through either S-ABS broadcasts or unicast signaling messages. The S-ABS also provides the AMS with the relevant trigger conditions to initiate or cancel neighbor-cell measurements, measurement reporting and HO requests. If required, scanning intervals for neighbor-cell measurements are provided by the S-ABS unilaterally or at the request of the AMS. The HO request/command is an outcome of these measurements and reporting.


The HO procedure is divided into four phases; namely, HO initiation, HO preparation, HO execution, and network reentry. In addition, HO cancellation procedure is defined to allow AMS cancel a HO procedure.
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Figure 7-4: Generic HO Procedure in the Proposed RIT


5.4.1.2.2
Intra-RIT, Intra-Frequency Handover Interruption Time


Text below is extracted from Attachment 1, Part 4, Section 7.2.5.4 of IMT-ADV/4.



The following describes the HO procedure with reference to the message sequence flow shown in Figure 7-4.


· HO Initiation


· During handover initiation phase, the AMS requests HO based on trigger conditions defined in ABS AAI_NBR-ADV broadcast message {4}. ABS may also initiate HO without AMS request by sending AAI_HO-CMD message to the AMS {4}. 


· HO Preparation


· During HO preparation phase, the T-ABS and AMS obtain relevant information for HO optimization (e.g., AMS identity, AMS security context, T-ABS system information, service flows, etc.) via the S-ABS and the backbone network. For optimized network re-entry, the T-ABS(s) may allocate a dedicated ranging code/opportunity and resource allocations to the AMS via the S-ABS through the AAI-HO-CMD message. The message includes one or more T-ABSs, network re-entry action time and S-ABS link disconnect time. The S-ABS also indicates in the HO command (AAI-HO-CMD) whether the AMS performs CDMA ranging. The HO preparation phase completes with the exchange of AAI-HO-CMD/AAI-HO-IND messages resulting in the selection of a T-ABS and the S-ABS disconnect time. 


· HO execution


· During HO execution, AMS responds with its T-ABS selection in the AAI-HO-IND message if multiple T-ABSs are included in AAI-HO-CMD. The AMS continue data communications with S-ABS, until the S-BS stops sending DL data and providing UL allocations to the AMS after expiration of the action/disconnect time included in the AAI-HO-CMD message. Any AMS bandwidth requests before the disconnect time that cannot be provided by the S-ABS are forwarded to the T-ABS. The S-ABS retains the connections, MAC state machine, and un-transmitted/unacknowledged data associated with the AMS for service continuation in case of HO cancellation until the expiration of resource-related timers. 


· Network Re-entry


· If AMS performs network re-entry without CDMA ranging, the T-ABS and AMS can start data communications after the defined action time. If AMS performs CDMA ranging based network re-entry, the AMS performs network re-entry at the T-ABS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the T-ABS allocates UL resources for AMS to send RNG-REQ message and UL data if needed. The T-ABS and AMS finishes AAI-RNG-REQ/RSP transactions by the predefined timer, which serves the purpose of key validation for each other. This validation process does not impact data communication and can happen in parallel as defined in seamless handover procedure in {1}. 


· HO Cancellation


· The handover can be canceled by the AMS at any time during the HO process. The HO cancellation is initiated before the expiration of resource-related timers. The network can advertise HO cancellation trigger conditions.


5.4.1.2.3
Intra-RIT, Inter-Frequency Handover Interruption Time


Text below is extracted from Attachment 1, Part 4, Section 7.2.5.5 of IMT-ADV/4.



The first three phases are identical with the case of Intra-RIT, Intra-frequency handover. The last phase, network re-entry, differs in that there is no option to skip CDMA ranging in the T-ABS.


For inter-frequency HO, the S-ABS always commands the AMS to perform network re-entry with CDMA ranging process. Depending on the method indicated by the HO command from the S-ABS, the AMS performs network re-entry at the T-ABS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the T-ABS responds with AAI-RNG-RSP to instruct the AMS to adjust its UL transmission timing and power, allocate UL resources for AMS to send AAI-RNG-REQ message and UL data if needed. The rest of the procedure is the same as in intra-frequency HO case.


Table 7-19: handover interruption time


			Scenario


			Interruption Time





			Intra-RIT, Intra-frequency


			5 ms





			Intra-RIT, Inter-frequency


			15 to 25ms (additional time for AMS to adjust RF and obtain CDMA ranging opportunity)








Additionally, Inter-RIT, Intra-RIT, Intra-frequency, and Inter-system handover to other IMT systems is supported by the RIT.The following diagram illustrates the seamless HO service flow in the proposed RIT.
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Figure 7-5: Example of a seamless HO service flow in the proposed RIT


Summary of the Handover procedure


I. Initiation


1. HO triggered at AMS, based on AMS measurements and S-ABS-defined trigger levels


2. HO request from AMS to S-ABS, containing T-ABS list with preferences and measurement reports


II. Preparation


1. S-ABS and T-ABS backbone pre-notification procedures


2. HO command from S-ABS to AMS with T-ABS details, Disconnect time (may allow communication during network re-entry)


III. Execution


1. AMS acknowledges S-ABS HO command with selected T-ABS and confirmation/rejection of Disconnect time


2. S-ABS disconnects at Disconnect time, transfers AMS context to T-ABS over backbone network


IV.   Network re-entry


1. HO Ranging in T-ABS, optional for intra-FA


2. T-ABS notifies S-ABS of HO completion 


3. Network re-entry complete with established data path in T-ABS


Assumptions


· Intra-ASN Handovers (the serving and target base stations belong to the same ASN)


· Mobile-assisted Handover (predominant case)


· Mobile-initiated Handover (worst-case compared to ABS-initiated) 


· Optimized Hard Handover (for intra-frequency AMS is frame-synchronized with S-ABS and T-ABS, AMS contexts including security context, transferred to T-ABS by S-ABS over the backbone network)


All measurements are based on the synchronization channels.


The following steps capture the HO procedure delay budget (Intra-RIT, Intra-Frequency):


Table 7-20: Intra-RAT Intra-FA Handover interruption time


			Step


			Procedure


			Estimated Latency (ms)





			1


			The AMS initiates HO by sending an AAI-HO-REQ to the S-ABS.


			4 to 7 frames, 20 to 35ms





			2


			The S-ABS processes AAI-HO-REQ and sends HO REQUEST to one or more T-ABS.


			1 frames, 5 ms (HO-REQ from S-ABS to T-ABSs)





			3


			T-ABSs reply S-ABS with HO RESPONSE, which may include HO optimization related MAC pre-update information.


			2 frames, 10ms (T-ABSs process and reply + HO-RSP from T-ABSs to S-ABS)





			4


			S-ABS responds to AMS with AAI-HO-CMD containing T-ABS list, Disconnect time


			1 frame, 5 ms





			5


			AMS acknowledges S-ABS with AAI-HO-IND containing selected T-ABS and  confirmation/rejection of Disconnect time (unsolicited UL grant)


			1 frame, 5 ms





			6


			At/After Action Time (=Disconnect Time), S-ABS transfer un-acknowledged data and new data, if any, to T-ABS for AMS data continuity at T-ABS


			0 to 2 frames, 0 to 10ms (R8 interface latency, see Figure 7-1)





			7


			AMS switches to T-ABS, acquires DL signal


			1 frame, 5 ms





			8


			AMS reads UL-MAP for unsolicited UL grant for AMS to send RNG-REQ message and data


			2 frames, 10 ms





			9


			AMS sends RNG-REQ to T-ABS


			1 frame, 5 ms





			10


			T-ABS responds with RNG-RSP with necessary information for AMS to perform UL synchronization.


			2 frames, 10 ms





			11


			AMS processes RNG-RSP


			1 frame, 5 ms





			12


			If necessary, repeat steps 8 – 11 K-times


Note: The maximum value of K is calculated based upon the number of times that steps 8 to 11 could be repeated before expiration of a timer specified by S-ABS.


			K * 5 frames, 0 to 25K ms





			13


			T-ABS and AMS continue data communication


			0





			HO Interruption time (Using Seamless HO)


			summation of time required for steps 6 and 7= 0 to 15 ms








Using seamless HO procedure, HO interruption time includes steps 6 and 7 in Table 6-6. Adding the times required for completion of steps 6 and 7results in a value of 0 to 15 ms. Considering the fact that steps 6 and 7 can be performed in parallel, maximum value for HO interruption could be reduced to 10 ms.


For intra-RIT/Inter-Frequency HO, there will be following two changes:


Step-7 will be longer (implementation dependent) so that the AMS can calibrate its RF for inter-FA operation.


An additional step 7.1 is to be inserted between Step-7 and Step-8, which will be counted into HO interruption time. 


Table 7-21: Additional step in calculation of inter-FA, intra-RIT handover interruption time


			7.1


			The AMS waits for HO ranging opportunity to perform UL synchronization with dedicated ranging code (assigned by TABS during HO preparation.)


(after CDMA ranging, UL synchronization procedures are not counted into HO interruption time according to the definition)


			1 to 4 frames, 5 to 20 ms


(20ms is the worst case when no dedicated ranging opportunity is allocated for this HO instance. Most cases, T-ABS has knowledge of AMS capability and how fast it can switch RF, and therefore T-ABS can prepare the ranging opportunity right at the next frame, in which case it will be 5 ms)








In this case (inter-FA, intra-RIT) , the HO interruption time is the summation of time required for steps  6,  7, and 7.1, which results in HO interruption time of 5 to 35 ms. Considering the fact that steps 6 and 7 can be performed in parallel, maximum value for HO interruption could be reduced to 30 ms.


5.4.1.2.4
Intersystem Handover



Annex 2 to IMT-ADV/4 includes the IEEE 802.16m System Description Document (SDD), which states the following:



10.3.4
Inter-RAT Handover Procedure



10.3.4.1
Network Topology Acquisition



IEEE 802.16m systems advertise information about other RATs to assist the AMS with network discovery and selection. IEEE 802.16m systems provide a mechanism for AMS to obtain information about other access networks in the vicinity of the AMS from an ABS either by making a query or listening to system information broadcast. This mechanism can be used both before and after AMS authentication. IEEE 802.16m system may obtain the other access network information from an information server. The ABSs may indicate the boundary area of the IEEE 802.16m network by advertising a network boundary indication. Upon receiving the indication, the AMS may perform channel measurement to the non-IEEE 802.16m network.



10.3.4.1
Generic Inter-RAT HO procedure



IEEE 802.16m system provides mechanisms for conducting inter-RAT measurements and reporting. Further, IEEE 802.16m system forwards handover related messages with other access technologies such as IEEE 802.11, 3GPP and 3GPP2. The specifics of these handover messages may be defined elsewhere, e.g. IEEE 802.21. 


5.4.1.2.5
Evaluator’s assessment


It has been verified that the IEEE proposal meets the IMT-Advanced HO interruption time requirements. Inspection of the documents referenced in IMT-ADV/4, and additionally, IEEE 802.16m draft specification, reveals that the proposed RIT can support continued communication with the serving BS when the MS performs network re-entry with the target BS; therefore, the HO interruption time is effectively zero (for additional information, see section 16.2.6 of P802.16m/D6 and the entry before break feature in IEEE 802.16m handover). Therefore, the interruption times reported by the proponent are very conservative. In addition, review of the proposal in IMT-ADV/4 confirms support of inter-system handover. In this regard, inspection of Section 16.2.6.3 of P802.16m/D6 also confirms that the proposal is capable of intersystem handover to at least one other IMT-2000 system.



5.4.1.3
Peak Spectral Efficiency



Attachment 1, Part 4, Section 7.2.4 in IMT-ADV/4 contains the peak spectral efficiency calculations for the IEEE WirelessMAN-Advanced.  WCAI EG also notes the correspondence regarding mid-amble overhead (stated in Section 5.2.1 of this report) that impacts the peak spectral efficiency calculations. Below is Section 7.2.4 of IMT-ADV/4 after the correspondence group clarification from IEREE proponent and further amended by TTA EG:


This section shows the methodology to calculate the peak spectral efficiency and its results for the proposed RIT. The analysis follows the guideline and definition provided in Reports ITU-R M.2134 [8] and Report ITU-R M.2135 [7]. The FDD and TDD modes of the RIT are considered and the case for the channel bandwidth of 20 MHz TDD and 2 x 20 MHz FDD with the FFT size of 2048 and the size of cyclic prefix (CP) of 1/16 both in DL and UL are addressed to calculate the peak data rate. In addition, 4 and 2 streams are considered in DL and UL, respectively, based on the constraints of antenna configurations specified in [8] and [7].


One OFDMA symbol with the length of 97.143 µs is each allocated every frame on the DL subframe for preamble and MIMO midamble, respectively. The FDD frame has 5 type-1 subframes, consisting of 6 OFDMA symbols, and 3 type-2 subframes, consisting of 7 OFDMA symbols. The TDD frame has 3 type-1 subframes in DL, consisting of 6 OFDMA symbols, and 1 type-2 subframe in DL, consisting of 7 OFDMA symbols. The same configuration is used in the UL assuming a DL to UL ratio of 1:1. The idle time and switching gap has been accounted for in the calculations: the idle time of 45.71 us for FDD and switching gap (TTG/RTG) of 142.853 us for TDD.


For both TDD and FDD, the number of pilots per resource unit (RU) for both type-1 and type-2 subframes in case of 4 streams for DL is 16, while the numbers of subcarriers per RU for type-1 and type-2 subframes are 108 (= 18 x 6) and 126 (= 18 x 7), respectively. Therefore the numbers of available data subcarriers per RU for type-1 and type-2 subframes in case of 4 streams for DL are 92 and 110, respectively. On the other hand, in case of 2 streams for UL, the number of pilots per RU for type-1 and type-2 subframes are 12 and 14, respectively. Therefore the numbers of available data subcarriers per RU for type-1 and type-2 subframes in case of 2 streams for UL are 96 and 112, respectively.


For FDD, the number of RUs for 20 MHz is 96 both in DL and UL. The number of available data subcarriers for 5 type-1 and 3 type-2 subframes with 4 streams for DL are 44160 (= 5 x 92 x 96), denoted by NType1Subcarrier4, and 31 680 (= 3 x 110 x 96), denoted by NType2Subcarrier4, respectively. On the other hand, the number of available data subcarriers for 5 type-1 and 3 type-2 subframes with 2 streams for UL are 46 080 (= 5 x 96 x 96), denoted by NType1Subcarrier2, and 32 256 (= 3 x 112 x 96), denoted by NType2Subcarrier2, respectively. Note that in 20 MHz, the radio resource with 96 RUs x 2 OFDMA symbols, i.e. 3 456 (= 2 x 18 x 96) subcarriers per frame, is utilized in DL as preamble and MIMO midamble.


Assuming repetition rate of 1, coding rate of 1, and the maximum MCS level, i.e. the modulation scheme of 64QAM (6 bit/symbol), the peak data rates in DL and UL are defined as follows:


Peak data rate in DL = (NType1Subcarrier4 + NType2Subcarrier4 – 3 456) x 6 x 4 / 5 ms = 347.44 Mbit/s.



Peak data rate in UL = (NType1Subcarrier2 + NType2Subcarrier2) x 6 x 2 / 5 ms = 188.01 Mbit/s.


The peak spectral efficiencies in DL and UL can be calculated by dividing the peak data rates by 20 MHz, resulting 17.37 bit/s/Hz and 9.40 bit/s/Hz, for DL and UL respectively.


For TDD, the number of RUs for 20 MHz is 96 both in DL and UL. Assuming and UL:DL ratio of 1:1, the number of available data subcarriers for 3 type-1 and 1 type-2 subframes with 4 streams for DL are 26 496 (= 3 x 92 x 96), denoted by N’Type1Subcarrier4, and 10 560 (= 1 x 110 x 96), denoted by N’Type2Subcarrier4, respectively. On the other hand, the number of available data subcarriers for 3 type-1 and 1 type-2 subframes with 2 streams for UL are 27 648 (= 3 x 96 x 96), denoted by N’Type1Subcarrier2, and 10 752 (= 1 x 112 x 96), denoted by N’Type2Subcarrier2, respectively. Note that in 20 MHz, the radio resource with 96 RUs x 2 OFDMA symbols, i.e. 3 456 subcarriers per frame, is utilized in DL as preamble and MIMO midamble.


Assuming repetition rate of 1, coding rate of 1, and the maximum MCS level, i.e. the modulation scheme of 64QAM (6 bit/symbol), the peak data rates in DL and UL are defined as follows:


Peak data rate in DL = (N’Type1Subcarrier4 + N’Type2Subcarrier4 – 3 456) x 6 x 4 / 5 ms = 161.28 Mbit/s.



Peak data rate in UL = (N’Type1Subcarrier2 + N’Type2Subcarrier2) x 6 x 2 / 5 ms = 92.16 Mbit/s.


The peak spectral efficiencies in DL and UL can be calculated by dividing the peak data rates by 20 MHz and adjusting by the DL to UL ratio, resulting 16.13 bit/s/Hz and 9.22 bit/s/Hz, for DL and UL respectively.


5.4.1.3.1
Evaluator’s assessment


Calculations in IMT-ADV/4, as amended by the correspondence group messages, were checked. The above peak spectral efficiency values have been verified based on information obtained from documents referenced in IMT-ADV/4, and additionally in section 16.3 of P802.16m/D6, and the proponent’s claims are verified.


5.4.1.4
Bandwidth 



Attachment 1, Part 3, Section 6.1, item 4.2.3.2.8.2, of IMT-ADV/4 contains information on channel bandwidth scalability. This item is reproduced below for reference.



			4.2.3.2.8.2


			Channel bandwidth scalability



Describe how the proposal supports channel bandwidth scalability, including the supported bandwidths.



The proposed RIT uses a scalable OFDMA multiple access scheme in the DL and UL. The scalable OFDMA can be adapted to different bandwidths (5 to 20 MHz in the proposed RIT) using different FFT/IFFT sizes, resulting in common baseband processing for all bandwidths. The sub-carrier spacing remains the same irrespective of the bandwidth (provided that the same over-sampling factor is used). Therefore, the number of used sub-carriers and the number of available sub-carriers vary with different bandwidth, but the PHY and MAC protocols and processing remain unchanged.



Describe whether the proposed RIT supports extensions for scalable bandwidths wider than 40 MHz.



Consider, for example:



–
The scalability of operating bandwidths.



–
The scalability using single and/or multiple RF carriers.



Describe multiple contiguous (or non-contiguous) band aggregation capabilities, if any. Consider for example the aggregation of multiple channels to support higher user bit rates.



The proposed RIT supports multi-carrier operation that allows operation in any bandwidth as wide as 100 MHz by aggregating contiguous and/or non-contiguous RF carriers. For each multi-carrier AMS, primary and secondary carriers are designated and configured with the requisite signaling capabilities.   



See Section 17 of {4} for more details on multi-carrier operation in the proposed RIT.








5.4.1.4.1
Evaluator’s assessment


From the above description and verification of the documents referenced in IMT-ADV/4, and additionally section 16.3.2 of P802.16m/D6, it is confirmed that the IEEE 802.16m proposal supports scalability of bandwidth and the proponent’s statement is verified.


6
Conclusion



6.1
IEEE WirelessMAN-Advanced


WCAI EG has analyzed the RIT proposed in IMT-ADV/4, i.e. IEEE WirelessMAN-Advanced. We have conducted our work through inspection, analysis, and simulations to evaluate the compliance with IMT-Advanced criteria as set forth by the ITU-R. Our findings show that the proposed RIT in IMT-ADV/4, IEEE WirelessMAN-Advanced, meets, and often exceeds, the criteria for inclusion in IMT-Advanced.


Table 8 provides a summary of WCAI EG final evaluation results for IEEE WirelessMAN-Advanced.


Table 8 – Summary evaluation results (preliminary)


			Characteristic for evaluation


			Method


			Evaluation methodology / configurations


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


			Evaluator’s comment





			Cell spectral efficiency


			Simulation (system level)


			§ 7.1.1, Tables  8-2, 8-4 and 8-5


			Report ITU-R M.2134, § 4.1


			Meets criteria





			Peak spectral efficiency


			Analytical


			§ 7.3.1, Table 8-3


			Report ITU-R M.2134, § 4.2


			Meets criteria





			Bandwidth


			Inspection


			§ 7.4.1


			Report ITU-R M.2134, § 4.3


			Meets criteria





			Cell edge user spectral efficiency


			Simulation (system level)


			§ 7.1.2, Tables, 8-2, 8-4 and 8-5


			Report ITU-R M.2134, § 4.4


			Meets criteria





			Control plane latency


			Analytical


			§ 7.3.2, Table 8-2


			Report ITU-R M.2134, § 4.5.1


			Meets criteria





			User plane latency


			Analytical


			§ 7.3.3; Table 8-2


			Report ITU-R M.2134, § 4.5.2


			Meets criteria





			Mobility


			Simulation (system and link level)


			§ 7.2, Tables 8-2 and 8-7


			Report ITU-R M.2134, § 4.6


			Meets criteria





			Intra- and inter-frequency handover interruption time


			Analytical


			§ 7.3.4, Table 8-2


			Report ITU-R M.2134, § 4.7


			Meets criteria





			Inter-system handover


			Inspection


			§ 7.4.3


			Report ITU-R M.2134, § 4.7


			Meets criteria





			VoIP capacity


			Simulation (system level)


			§ 7.1.3, Tables  8-2, 8-4 and 8-6


			Report ITU-R M.2134, § 4.8


			Meets criteria





			Deployment possible in at least one of the identified IMT bands


			Inspection


			§ 7.4.2


			Report ITU-R M.2133, § 2.2 


			Meets criteria





			Channel bandwidth scalability


			Inspection


			§ 7.4.1


			Report ITU-R M.2134, § 4.3


			Meets criteria





			Support for a wide range of services


			Inspection


			§ 7.4.4


			Report ITU-R M.2133, § 2.1


			Meets criteria








Annex 1 – Description of Parameters and Assumptions



Unless otherwise specified in this report, parameters and assumptions contained in Annex 3 of IMT-ADV/4 have been used throughout the evaluations. 


Annex 2 – Detailed Information on link budget


This annex contains detailed link budget calculations for IMT-ADV/4 in four text environments for both TDD and FDD in both uplink and downlink. Values shown in red and green are new compared to items in IMT-ADV/4.


			Table A2-1


			





			Link budget template for Indoor test environment


			





			(Indoor hotspot deployment scenario)


			





			Item


			Downlink


			Uplink


			Comment





			System configuration


			 





			Carrier frequency [GHz]


			3.4 


			3.4 


			 





			BS antenna heights [m]


			6 


			6 


			 





			UT antenna heights [m]


			1.5 


			1.5 


			 





			Cell area reliability[1] [%] (Please specify how it is calculated.) (a)


			95 


			95 


			 





			Cell area reliability[1] [%] (Please specify how it is calculated.) (b)


			95 


			95 


			 





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH





			Transmission bit rate for data channel [bps]


			16955780 


			2520745 


			20MHz FDD





			Transmission bit rate for data channel [bps]


			20230593 


			980290 


			40MHz TDD





			Target packet error rate for the required SNR in (19a) for control channel


			0.01 


			0.01 


			 





			Target packet error rate for the required SNR in (19b) for data channel


			0.10 


			0.10 


			This is packet error rate of initial packet error rate.





			Spectral efficiency[2] [b/s/Hz]


			0.897 


			0.800 


			20MHz FDD





			Spectral efficiency[2] [b/s/Hz]


			0.856 


			0.830 


			40MHz TDD





			Pathloss model[3] (Select from LOS or NLOS)


			NLOS
PL = 43.3 log10(d) + 11.5 + 20 log10(fc)


			
NLOS
PL = 43.3 log10(d) + 11.5 + 20 log10(fc)


			 





			Mobile speed [km/h]


			3 


			3 


			 





			Feeder loss [dB]


			2 


			2 


			 





			Transmitter


			 





			(1) Number of transmit antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			4 


			2 


			Up to 8 (BS) and 2(MS).





			(2-1) Maximal transmit power per antenna [dBm]


			15 


			18 


			20MHz FDD





			(2-2) Maximal transmit power per antenna [dBm]


			18 


			18 


			40MHz TDD





			(3-1) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			21 


			21 


			20MHz FDD





			(3-2) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			24 


			21 


			40MHz TDD





			(4) Transmitter antenna gain [dBi]


			0 


			0 


			 





			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (Cyclic delay diversity), etc.) [dB]


			0 


			0 


			 





			(6) Control channel power boosting gain [dB]


			0 


			0 


			 





			(7) Data channel power loss due to pilot/control boosting [dB]


			0.27 


			0 


			2dB pilot boosting over data tone





			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for downlink)


			3 


			1 


			 





			(9a-1) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			18 


			20 


			20MHz FDD





			(9a-2) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			21 


			20 


			40MHz TDD





			(9b-1) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			17.73 


			20.00 


			20MHz FDD





			(9b-2) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			20.73 


			20.00 


			40MHz TDD





			Receiver


			 





			(10) Number of receive antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			2 


			4 


			Up to 8 (BS) and 2(MS).





			(11) Receiver antenna gain [dBi]


			0 


			0 


			 





			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for uplink)


			1 


			3 


			 





			(13) Receiver noise figure [dB]


			7 


			5 


			 





			(14) Thermal noise density [dBm/Hz]


			-174 


			-174 


			 





			(15a) Receiver interference density [dBm/Hz]


			-174.00 


			-174.00 


			 





			(15b) Receiver interference density [dBm/Hz]


			-174.00 


			-174.00 


			 





			(16a) Total noise plus interference density


			-166.21 


			-167.81 


			 





			= 10 log ( 10^(((13) + (14))/10) + 10^((15a)/10) ) [dBm/Hz]


			


			


			 





			(16b) Total noise plus interference density


			-166.21 


			-167.81 


			 





			= 10 log ( 10^(((13) + (14))/10) + 10^((15b)/10) ) [dBm/Hz]


			


			


			 





			(17a-1) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			65640 


			20MHz FDD





			(17b-1) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			3150720 


			20MHz FDD





			(17a-2) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			37808640 


			65640 


			40MHz TDD





			(17b-2) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			37808640 


			3150720 


			40MHz TDD





			(18a-1) Effective noise power (control channel) = (16a) + 10log((17a-1)) [dBm]


			-93.44 


			-119.64 


			20MHz FDD





			(18b-1) Effective noise power (data channel) = (16b) + 10log((17b-1)) [dBm]


			-93.44 


			-102.82 


			20MHz FDD





			(18a-2) Effective noise power (control channel) = (16a) + 10log((17a-2)) [dBm]


			-90.43 


			-119.64 


			40MHz TDD





			(18b-2) Effective noise power (data channel) = (16b) + 10log((17b-2)) [dBm]


			-90.43 


			-102.82 


			40MHz TDD





			(19a-1) Required SNR for the control channel [dB] 


			-0.56 


			-2.48 


			20MHz FDD 





			(19a-2) Required SNR for the control channel [dB] 


			-0.56 


			-2.48 


			40MHz TDD 





			(19b-1) Required SNR for the data channel [dB] 


			1.23 


			-0.50 


			20MHz FDD 





			(19b-2) Required SNR for the data channel [dB] 


			1.41 


			-0.24 


			40MHz TDD 





			(20) Receiver implementation margin [dB]


			2 


			2 


			 





			(21a) H-ARQ gain for control channel [dB]


			0 


			0 


			 





			(21b) H-ARQ gain for data channel [dB]


			0.5 


			0.5 


			 





			(22a-1) Receiver sensitivity for control channel = (18a-1) ++ (19a-1) + (20) – (21a) [dBm]


			-92.01 


			-120.11 


			20MHz FDD





			(22a-2) Receiver sensitivity for control channel = (18a-2) ++ (19a-2) + (20) – (21a) [dBm]


			-89.00 


			-120.11 


			40MHz TDD





			(22b-1) Receiver sensitivity for data channel = (18b-1) ++ (19b-1) + (20) – (21b) [dBm]


			-90.71 


			-101.82 


			20MHz FDD





			(22b-2) Receiver sensitivity for data channel = (18b-2) ++ (19b-2) + (20) – (21b) [dBm]


			-87.52 


			-101.57 


			40MHz TDD





			(23a-1) Hardware link budget for control channel = (9a-1) + (11) - (22a-1) [dB]


			110.01 


			140.11 


			20MHz FDD





			(23a-2) Hardware link budget for control channel = (9a-2) + (11) - (22a-2) [dB]


			110.00 


			140.11 


			40MHz TDD





			(23b-1) Hardware link budget for data channel = (9b-1) + (11) - (22b-1) [dB]


			108.44 


			121.82 


			20MHz FDD





			(23b-2) Hardware link budget for data channel = (9b-2) + (11) - (22b-2) [dB]


			108.25 


			121.57 


			40MHz TDD





			Calculation of available pathloss


			 





			(24) Lognormal shadow fading std deviation [dB]


			4 


			4 


			 





			(25a) Shadow fading margin (function of the cell area reliability and (24)) [dB]


			2.8 


			2.8 


			 





			(25b) Shadow fading margin (function of the cell area reliability and (24)) [dB]


			2.8 


			2.8 


			 





			(26) BS selection/macro-diversity gain [dB]


			0 


			0 


			 





			(27) Penetration margin [dB]


			0 


			0 


			 





			(28) Other gains [dB] (if any please specify)


			0 


			0 


			 





			(29a-1) Available path loss for control channel = (23a-1) – (25a) + (26) – (27) + (28) – (12) [dB]


			106.21 


			134.31 


			20MHz FDD





			(29a-2) Available path loss for control channel = (23a-2) – (25a) + (26) – (27) + (28) – (12) [dB]


			106.20 


			134.31 


			40MHz TDD





			(29b-1) Available path loss for data channel = (23b-1) – (25b) + (26) – (27) + (28) – (12)  [dB]


			104.64 


			116.02 


			20MHz FDD





			(29b-2) Available path loss for data channel = (23b-2) – (25b) + (26) – (27) + (28) – (12)  [dB]


			104.45 


			115.77 


			40MHz TDD





			Range/Coverage efficiency calculation


			 





			(30a-1) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			87.44 


			389.79 


			20MHz FDD





			(30a-2) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			87.39 


			389.79 


			40MHz TDD





			(30b-1) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			80.46 


			147.37 


			20MHz FDD





			(30b-2) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			79.65 


			145.37 


			40MHz TDD





			(31a-1) Coverage Area for control channel = (π (30a)2) [sq m / site]


			24020.14 


			477318.23 


			20MHz FDD





			(31a-2) Coverage Area for control channel = (π (30a)2) [sq m / site]


			23993.85 


			477318.23 


			40MHz TDD





			(31b-1) Coverage Area for data channel = (π (30b)2) [sq m / site]


			20337.43 


			68224.73 


			20MHz FDD





			(31b-2) Coverage Area for data channel = (π (30b)2) [sq m / site]


			19929.95 


			66391.76 


			40MHz TDD





			


			


			


			





			Pathloss


			


			


			





			=43.3*log10(d)+11.5+20*log10(fc)


			


			


			





			distance


			


			


			





			=10^{(Pathloss-11.5-20*log10(fc))/43.3}


			


			


			








			Table A2-2


			





			Link budget template for microcellular test environment


			





			(urban micro-cell deployment scenario)


			





			Item


			Downlink


			Uplink


			Comment





			System configuration


			 





			Carrier frequency [GHz]


			2.5 


			2.5 


			 





			BS antenna heights [m]


			10 


			10 


			 





			UT antenna heights [m]


			1.5 


			1.5 


			 





			Cell area reliability[1] [%] (Please specify how it is calculated.) (a)


			95 


			95 


			 





			Cell area reliability[1] [%] (Please specify how it is calculated.) (b)


			95 


			95 


			 





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH





			Transmission bit rate for data channel [bps]


			5849421 


			6113345 


			10MHz FDD





			Transmission bit rate for data channel [bps]


			7529917 


			212755 


			20MHz TDD





			Target packet error rate for the required SNR in (19a) for control channel


			0.01 


			0.01 


			 





			Target packet error rate for the required SNR in (19b) for data channel


			0.10 


			0.10 


			This is packet error rate of initial packet error rate.





			Spectral efficiency[2] [b/s/Hz]


			0.619 


			0.776 


			10MHz FDD





			Spectral efficiency[2] [b/s/Hz]


			0.637 


			0.720 


			20MHz TDD





			Pathloss model[3] (Select from LOS or NLOS)


			NLOS
PL = 36.7 log10(d) + 33.0


			
NLOS
PL = 36.7 log10(d) + 33.0


			 





			Mobile speed [km/h]


			3 


			3 


			 





			Feeder loss [dB]


			2 


			2 


			 





			Transmitter


			 





			(1) Number of transmit antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			4 


			2 


			Up to 8 (BS) and 2(MS).





			(2-1) Maximal transmit power per antenna [dBm]


			35 


			21 


			10MHz FDD





			(2-2) Maximal transmit power per antenna [dBm]


			38 


			21 


			20MHz TDD





			(3-1) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			41 


			24 


			10MHz FDD





			(3-2) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			44 


			24 


			20MHz TDD





			(4) Transmitter antenna gain [dBi]


			17 


			0 


			 





			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (Cyclic delay diversity), etc.) [dB]


			0 


			0 


			 





			(6) Control channel power boosting gain [dB]


			0 


			0 


			 





			(7) Data channel power loss due to pilot/control boosting [dB]


			0.2734 


			0 


			2dB pilot boosting over data tone





			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for downlink)


			3 


			1 


			 





			(9a-1) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			55 


			23 


			10MHz FDD





			(9a-2) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			58 


			23 


			20MHz TDD





			(9b-1) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			54.73 


			23 


			10MHz FDD





			(9b-2) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			57.73 


			23 


			20MHz TDD





			Receiver


			 





			(10) Number of receive antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			2 


			4 


			Up to 8 (BS) and 2(MS).





			(11) Receiver antenna gain [dBi]


			0 


			17 


			 





			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for uplink)


			1 


			3 


			 





			(13) Receiver noise figure [dB]


			7 


			5 


			 





			(14) Thermal noise density [dBm/Hz]


			-174 


			-174 


			 





			(15a) Receiver interference density [dBm/Hz]


			-165.00 


			-166.00 


			 





			(15b) Receiver interference density [dBm/Hz]


			-165.00 


			-166.00 


			 





			(16a) Total noise plus interference density


			-162.88 


			-164.24 


			 





			= 10 log ( 10^(((13) + (14))/10) + 10^((15a)/10) ) [dBm/Hz]


			


			


			 





			(16b) Total noise plus interference density


			-162.88 


			-164.24 


			 





			= 10 log ( 10^(((13) + (14))/10) + 10^((15b)/10) ) [dBm/Hz]


			


			


			 





			(17a-1) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			9452160 


			65640 


			 





			(17b-1) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			9452160 


			787680 


			 





			(17a-2) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			65640 


			 





			(17b-2) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			787680 


			 





			(18a-1) Effective noise power (control channel) = (16a) + 10log((17a-1)) [dBm]


			-93.12 


			-116.06 


			 





			(18b-1) Effective noise power (data channel) = (16b) + 10log((17b-1)) [dBm]


			-93.12 


			-105.27 


			 





			(18a-2) Effective noise power (control channel) = (16a) + 10log((17a-2)) [dBm]


			-90.11 


			-116.06 


			 





			(18b-2) Effective noise power (data channel) = (16b) + 10log((17b-2)) [dBm]


			-90.11 


			-105.27 


			 





			(19a-1) Required SNR for the control channel [dB] 


			-1.57 


			-4.10 


			10MHz FDD 





			(19a-2) Required SNR for the control channel [dB] 


			-1.57 


			-4.10 


			20MHz TDD 





			(19b-1) Required SNR for the data channel [dB] 


			-1.68 


			-1.14 


			10MHz FDD 





			(19b-2) Required SNR for the data channel [dB] 


			-1.05 


			-0.96 


			20MHz TDD 





			(20) Receiver implementation margin [dB]


			2 


			2 


			 





			(21a) H-ARQ gain for control channel [dB]


			0 


			0 


			 





			(21b) H-ARQ gain for data channel [dB]


			0.5 


			0.5 


			 





			(22a-1) Receiver sensitivity for control channel = (18a-1) ++ (19a-1) + (20) – (21a) [dBm]


			-92.69 


			-118.16 


			10MHz FDD





			(22a-2) Receiver sensitivity for control channel = (18a-2) ++ (19a-2) + (20) – (21a) [dBm]


			-89.68 


			-118.16 


			20MHz TDD





			(22b-1) Receiver sensitivity for data channel = (18b-1) ++ (19b-1) + (20) – (21b) [dBm]


			-93.30 


			-104.91 


			10MHz FDD





			(22b-2) Receiver sensitivity for data channel = (18b-2) ++ (19b-2) + (20) – (21b) [dBm]


			-89.66 


			-104.73 


			20MHz TDD





			(23a-1) Hardware link budget for control channel = (9a-1) + (11) - (22a-1) [dB]


			147.69 


			158.16 


			10MHz FDD





			(23a-2) Hardware link budget for control channel = (9a-2) + (11) - (22a-2) [dB]


			147.68 


			158.16 


			20MHz TDD





			(23b-1) Hardware link budget for data channel = (9b-1) + (11) - (22b-1) [dB]


			148.03 


			144.91 


			10MHz FDD





			(23b-2) Hardware link budget for data channel = (9b-2) + (11) - (22b-2) [dB]


			147.39 


			144.73 


			20MHz TDD





			Calculation of available pathloss


			 





			(24) Lognormal shadow fading std deviation [dB]


			4 


			4 


			 





			(25a) Shadow fading margin (function of the cell area reliability and (24)) [dB] 


			3.10 


			3.10 


			 





			(25b) Shadow fading margin (function of the cell area reliability and (24)) [dB]


			3.10 


			3.10 


			 





			(26) BS selection/macro-diversity gain [dB]


			0 


			0 


			 





			(27) Penetration margin [dB]


			0 


			0 


			 





			(28) Other gains [dB] (if any please specify)


			0 


			0 


			 





			(29a-1) Available path loss for control channel = (23a-1) – (25a) + (26) – (27) + (28) – (12) [dB]


			143.59 


			152.06 


			10MHz FDD





			(29a-2) Available path loss for control channel = (23a-2) – (25a) + (26) – (27) + (28) – (12) [dB]


			143.58 


			152.06 


			20MHz TDD





			(29b-1) Available path loss for data channel = (23b-1) – (25b) + (26) – (27) + (28) – (12)  [dB]


			143.93 


			138.81 


			10MHz FDD





			(29b-2) Available path loss for data channel = (23b-2) – (25b) + (26) – (27) + (28) – (12)  [dB]


			143.29 


			138.63 


			20MHz TDD





			Range/Coverage efficiency calculation


			 





			(30a-1) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			1030.96 


			1754.71 


			10MHz FDD





			(30a-2) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			1030.29 


			1754.71 


			20MHz TDD





			(30b-1) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			1053.45 


			763.94 


			10MHz FDD





			(30b-2) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			1011.89 


			755.50 


			20MHz TDD





			(31a-1) Coverage Area for control channel = (π (30a)2) [sq m / site]


			3339120.21 


			9672964.78 


			10MHz FDD





			(31a-2) Coverage Area for control channel = (π (30a)2) [sq m / site]


			3334807.34 


			9672964.78 


			20MHz TDD





			(31b-1) Coverage Area for data channel = (π (30b)2) [sq m / site]


			3486434.72 


			1833460.41 


			10MHz FDD





			(31b-2) Coverage Area for data channel = (π (30b)2) [sq m / site]


			3216769.97 


			1793159.90 


			20MHz TDD





			


			


			


			





			Pathloss


			


			


			





			=36.7*log10(d)+22.7+26*log10(fc)


			


			


			





			distance


			


			


			





			=10^{(Pathloss-22.7-26*log10(fc))/36.7}


			


			


			





			=10^{(Pathloss-33)/36.7}


			


			


			





			


			


			


			








			Table A2-3


			


			


			





			Link budget template for base coverage urban test environment


			


			


			





			(urban macro-cell deployment scenario)


			


			


			





			Item


			Downlink


			Uplink


			Comment


			


			





			System configuration


			 


			


			





			Carrier frequency [GHz]


			2


			2


			 


			


			





			BS antenna heights [m]


			25


			25


			 


			


			





			UT antenna heights [m]


			1.5


			1.5


			 


			


			





			Cell area reliability[1] [%] (Please specify how it is calculated.) (a)


			95 


			95 


			 


			


			





			Cell area reliability[1] [%] (Please specify how it is calculated.) (b)


			95 


			95 


			 


			


			





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH


			


			





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH


			


			





			Transmission bit rate for data channel [bps]


			5849421 


			611334 


			10MHz FDD


			


			





			Transmission bit rate for data channel [bps]


			7529917 


			212755 


			20MHz TDD


			


			





			Target packet error rate for the required SNR in (19a) for control channel


			0.01


			0.01


			 


			


			





			Target packet error rate for the required SNR in (19b) for data channel


			0.1


			0.1


			This is packet error rate of initial packet error rate.


			


			





			Spectral efficiency[2] [b/s/Hz]


			0.619 


			0.776 


			 


			


			





			Spectral efficiency[2] [b/s/Hz]


			0.637 


			0.720 


			 


			


			





			Pathloss model[3] (Select from LOS or NLOS)


			NLoS


			NLoS


			 


			


			





			Mobile speed [km/h]


			30


			30


			 


			


			





			Feeder loss [dB]


			2


			2


			 


			


			





			Transmitter


			 


			 


			 





			(1) Number of transmit antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			4


			2


			Up to 8 (BS) and 2(MS).


			


			





			(2-1) Maximal transmit power per antenna [dBm]


			40 


			21 


			10MHz FDD


			


			





			(2-2) Maximal transmit power per antenna [dBm]


			43 


			21 


			20MHz TDD


			


			





			(3-1) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			46


			24


			10MHz FDD


			


			





			(3-2) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			49


			24


			20MHz TDD


			


			





			(4) Transmitter antenna gain [dBi]


			17


			0


			 


			


			





			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (Cyclic delay diversity), etc.) [dB]


			0


			0


			 


			


			





			(6) Control channel power boosting gain [dB]


			0


			0


			 


			


			





			(7) Data channel power loss due to pilot/control boosting [dB]


			0.27 


			0


			2dB pilot boosting over data tone


			


			





			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for downlink)


			3


			1


			 


			


			





			(9a-1) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			60


			23


			10MHz FDD


			


			





			(9a-2) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			63


			23


			20MHz TDD


			


			





			(9b-1) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			59.73 


			23


			10MHz FDD


			


			





			(9b-2) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			62.73 


			23


			20MHz TDD


			


			





			Receiver


			 


			 


			 





			(10) Number of receive antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			2


			4


			Up to 8 (BS) and 2(MS).


			


			





			(11) Receiver antenna gain [dBi]


			0


			17


			 


			


			





			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for uplink)


			1


			3


			 


			


			





			(13) Receiver noise figure [dB]


			7


			5


			 


			


			





			(14) Thermal noise density [dBm/Hz]


			-174


			-174


			 


			


			





			(15a) Receiver interference density [dBm/Hz]


			-165.00 


			-166.00 


			 


			


			





			(15b) Receiver interference density [dBm/Hz]


			-165.00 


			-166.00 


			 


			


			





			(16a) Total noise plus interference density


			-162.88 


			-164.24 


			 


			


			





			= 10 log ( 10^(((13) + (14))/10) + 10^((15a)/10) ) [dBm/Hz]


			


			


			 


			


			





			(16b) Total noise plus interference density


			-162.88 


			-164.24 


			 


			


			





			= 10 log ( 10^(((13) + (14))/10) + 10^((15b)/10) ) [dBm/Hz]


			


			


			 


			


			





			(17a-1) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			9452160 


			65640 


			 


			


			





			(17b-1) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			9452160 


			787680 


			 


			


			





			(17a-2) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			65640 


			 


			


			





			(17b-2) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			787680 


			 


			


			





			(18a-1) Effective noise power (control channel) = (16a) + 10log((17a-1)) [dBm]


			-93.12 


			-116.06 


			 


			


			





			(18b-1) Effective noise power (data channel) = (16b) + 10log((17b-1)) [dBm]


			-93.12 


			-105.27 


			 


			


			





			(18a-2) Effective noise power (control channel) = (16a) + 10log((17a-2)) [dBm]


			-90.11 


			-116.06 


			 


			


			





			(18b-2) Effective noise power (data channel) = (16b) + 10log((17b-2)) [dBm]


			-90.11 


			-105.27 


			 


			


			





			(19a-1) Required SNR for the control channel [dB] 


			-1.95 


			-3.97 


			10MHz FDD


			


			





			(19a-2) Required SNR for the control channel [dB] 


			-1.95 


			-3.97 


			20MHz TDD


			


			





			(19b-1) Required SNR for the data channel [dB] 


			-0.24 


			-0.59 


			10MHz FDD


			


			





			(19b-2) Required SNR for the data channel [dB] 


			-0.21 


			-0.82 


			20MHz TDD


			


			





			(20) Receiver implementation margin [dB]


			2


			2


			 


			


			





			(21a) H-ARQ gain for control channel [dB]


			0


			0


			 


			


			





			(21b) H-ARQ gain for data channel [dB]


			0.5


			0.5


			 


			


			





			(22a-1) Receiver sensitivity for control channel = (18a-1) ++ (19a-1) + (20) – (21a) [dBm]


			-93.07 


			-118.03 


			10MHz FDD


			


			





			(22a-2) Receiver sensitivity for control channel = (18a-2) ++ (19a-2) + (20) – (21a) [dBm]


			-90.06 


			-118.03 


			20MHz TDD


			


			





			(22b-1) Receiver sensitivity for data channel = (18b-1) ++ (19b-1) + (20) – (21b) [dBm]


			-91.86 


			-104.36 


			10MHz FDD


			


			





			(22b-2) Receiver sensitivity for data channel = (18b-2) ++ (19b-2) + (20) – (21b) [dBm]


			-88.82 


			-104.59 


			20MHz TDD


			


			





			(23a-1) Hardware link budget for control channel = (9a-1) + (11) - (22a-1) [dB]


			153.07 


			158.03 


			10MHz FDD


			


			





			(23a-2) Hardware link budget for control channel = (9a-2) + (11) - (22a-2) [dB]


			153.06 


			158.03 


			20MHz TDD


			


			





			(23b-1) Hardware link budget for data channel = (9b-1) + (11) - (22b-1) [dB]


			151.59 


			144.36 


			10MHz FDD


			


			





			(23b-2) Hardware link budget for data channel = (9b-2) + (11) - (22b-2) [dB]


			151.55 


			144.59 


			20MHz TDD


			


			





			Calculation of available pathloss


			 


			 


			 





			(24) Lognormal shadow fading std deviation [dB]


			7.8


			7.8


			 


			


			





			(25a) Shadow fading margin (function of the cell area reliability and (24)) [dB] 


			8.1


			8.1


			 


			


			





			(25b) Shadow fading margin (function of the cell area reliability and (24)) [dB] 


			8.1


			8.1


			 


			


			





			(26) BS selection/macro-diversity gain [dB]


			0


			0


			 


			


			





			(27) Penetration margin [dB]


			9


			9


			 


			


			





			(28) Other gains [dB] (if any please specify)


			0


			0


			 


			


			





			(29a-1) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12) [dB]


			134.97 


			137.93 


			10MHz FDD


			


			





			(29a-2) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12) [dB]


			134.96 


			137.93 


			20MHz TDD


			


			





			(29b-1) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12)  [dB]


			133.49 


			124.26 


			10MHz FDD


			


			





			(29b-2) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12)  [dB]


			133.45 


			124.49 


			20MHz TDD


			


			





			Range/Coverage efficiency calculation


			 


			 


			 





			(30a-1) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			892.47 


			1062.77 


			10MHz FDD


			


			





			(30a-2) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			891.93 


			1062.77 


			20MHz TDD


			


			





			(30b-1) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			817.87 


			475.03 


			10MHz FDD


			


			





			(30b-2) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			816.07 


			481.56 


			20MHz TDD


			


			





			(31a-1) Coverage Area for control channel = (π (30a)2) [sq m / site]


			2502298.50 


			3548374.08 


			10MHz FDD


			


			





			(31a-2) Coverage Area for control channel = (π (30a)2) [sq m / site]


			2499264.75 


			3548374.08 


			20MHz TDD


			


			





			(31b-1) Coverage Area for data channel = (π (30b)2) [sq m / site]


			2101435.73 


			708919.02 


			10MHz FDD


			


			





			(31b-2) Coverage Area for data channel = (π (30b)2) [sq m / site]


			2092190.06 


			728546.98 


			20MHz TDD


			


			





			


			


			


			


			


			





			Pathloss


			


			


			


			


			





			=161.04-7.1*log10(W)+7.5*log10(h)-(24.37-3.7*(h/hBS)^2)*log10(hBS)+(43.42-3.1*log10(hBS))*(log10(d)-3)+20*log10(fc)-(3.2*(log10(11.75*hUT))^2-4.97)





			W


			20


			hBS


			25


			h


			20





			


			


			


			


			


			





			39.08638597


			


			


			


			


			





			distance


			


			


			


			


			





			=10^{(Pathloss-19.6)/39.1}


			


			


			


			


			








			Table A2-4


			


			


			





			Link budget template for high speed test environment


			


			


			





			(rural macro-cell deployment scenario)


			


			


			





			Item


			Downlink


			Uplink


			Comment


			


			





			System configuration


			 


			


			





			Carrier frequency [GHz]


			0.8


			0.8


			 


			


			





			BS antenna heights [m]


			35


			35


			 


			


			





			UT antenna heights [m]


			1.5


			1.5


			 


			


			





			Cell area reliability[1] [%] (Please specify how it is calculated.) (a)


			95 


			95 


			 


			


			





			Cell area reliability[1] [%] (Please specify how it is calculated.) (b)


			95 


			95 


			 


			


			





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH


			


			





			Transmission bit rate for control channel [bps]


			89600 


			1200 


			For downlink control : A-A-MAP QPSK 1/8
For uplink control : PFBCH


			


			





			Transmission bit rate for data channel [bps]


			5849421 


			611334 


			10MHz FDD


			


			





			Transmission bit rate for data channel [bps]


			7529917 


			212755 


			20MHz TDD


			


			





			Target packet error rate for the required SNR in (19a) for control channel


			0.01


			0.01


			 


			


			





			Target packet error rate for the required SNR in (19b) for data channel


			0.1


			0.1


			This is packet error rate of initial packet error rate.


			


			





			Spectral efficiency[2] [b/s/Hz]


			0.619 


			0.776 


			 


			


			





			Spectral efficiency[2] [b/s/Hz]


			0.637 


			0.720 


			 


			


			





			Pathloss model[3] (Select from LOS or NLOS)


			NLoS


			NLoS


			 


			


			





			Mobile speed [km/h]


			120


			120


			 


			


			





			Feeder loss [dB]


			2


			2


			 


			


			





			Transmitter


			 


			 


			 





			(1) Number of transmit antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			4


			2


			Up to 8 (BS) and 2(MS).


			


			





			(2-1) Maximal transmit power per antenna [dBm]


			40 


			21 


			10MHz FDD


			


			





			(2-2) Maximal transmit power per antenna [dBm]


			43 


			21 


			20MHz TDD


			


			





			(3-1) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			46


			24


			10MHz FDD


			


			





			(3-2) Total transmit power = function of (1) & (2) [dBm] (The value shall not exceed the indicated value in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			49


			24


			20MHz TDD


			


			





			(4) Transmitter antenna gain [dBi]


			17


			0


			 


			


			





			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (Cyclic delay diversity), etc.) [dB]


			0


			0


			 


			


			





			(6) Control channel power boosting gain [dB]


			0


			0


			 


			


			





			(7) Data channel power loss due to pilot/control boosting [dB]


			0.27 


			0


			2dB pilot boosting over data tone


			


			





			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for downlink)


			3


			1


			 


			


			





			(9a-1) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			60


			23


			10MHz FDD


			


			





			(9a-2) Control channel EIRP = (3) + (4) + (5) + (6) - (8) [dBm]


			63


			23


			20MHz TDD


			


			





			(9b-1) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			59.73 


			23


			10MHz FDD


			


			





			(9b-2) Data channel EIRP = (3) + (4) + (5) - (7) - (8)  [dBm]


			62.73 


			23


			20MHz TDD


			


			





			Receiver


			 


			 


			 





			(10) Number of receive antennas (The number shall be within the indicated range in Table 8-2 of draft new Report ITU-R M.[IMT.EVAL])


			2


			4


			Up to 8 (BS) and 2(MS).


			


			





			(11) Receiver antenna gain [dBi]


			0


			17


			 


			


			





			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) [dB] (Feeder loss must be included for and only for uplink)


			1


			3


			 


			


			





			(13) Receiver noise figure [dB]


			7


			5


			 


			


			





			(14) Thermal noise density [dBm/Hz]


			-174


			-174


			 


			


			





			(15a) Receiver interference density [dBm/Hz]


			-165.00 


			-166.00 


			 


			


			





			(15b) Receiver interference density [dBm/Hz]


			-165.00 


			-166.00 


			 


			


			





			(16a) Total noise plus interference density


			-162.88 


			-164.24 


			 


			


			





			= 10 log ( 10^(((13) + (14))/10) + 10^((15a)/10) ) [dBm/Hz]


			


			


			 


			


			





			(16b) Total noise plus interference density


			-162.88 


			-164.24 


			 


			


			





			= 10 log ( 10^(((13) + (14))/10) + 10^((15b)/10) ) [dBm/Hz]


			


			


			 


			


			





			(17a-1) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			9452160 


			65640 


			 


			


			





			(17b-1) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			9452160 


			787680 


			 


			


			





			(17a-2) Occupied control channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			65640 


			 


			


			





			(17b-2) Occupied data channel bandwidth (for meeting the requirements of the traffic type) [Hz]


			18904320 


			787680 


			 


			


			





			(18a-1) Effective noise power (control channel) = (16a) + 10log((17a-1)) [dBm]


			-93.12 


			-116.06 


			 


			


			





			(18b-1) Effective noise power (data channel) = (16b) + 10log((17b-1)) [dBm]


			-93.12 


			-105.27 


			 


			


			





			(18a-2) Effective noise power (control channel) = (16a) + 10log((17a-2)) [dBm]


			-90.11 


			-116.06 


			 


			


			





			(18b-2) Effective noise power (data channel) = (16b) + 10log((17b-2)) [dBm]


			-90.11 


			-105.27 


			 


			


			





			(19a-1) Required SNR for the control channel [dB] 


			-1.19 


			-2.42 


			10MHz FDD


			


			





			(19a-2) Required SNR for the control channel [dB] 


			-1.19 


			-2.42 


			20MHz TDD


			


			





			(19b-1) Required SNR for the data channel [dB] 


			-1.06 


			1.03 


			10MHz FDD


			


			





			(19b-2) Required SNR for the data channel [dB] 


			-0.70 


			0.37 


			20MHz TDD


			


			





			(20) Receiver implementation margin [dB]


			2


			2


			 


			


			





			(21a) H-ARQ gain for control channel [dB]


			0


			0


			 


			


			





			(21b) H-ARQ gain for data channel [dB]


			0.5


			0.5


			 


			


			





			(22a-1) Receiver sensitivity for control channel = (18a-1) ++ (19a-1) + (20) – (21a) [dBm]


			-92.31 


			-116.48 


			10MHz FDD


			


			





			(22a-2) Receiver sensitivity for control channel = (18a-2) ++ (19a-2) + (20) – (21a) [dBm]


			-89.30 


			-116.48 


			20MHz TDD


			


			





			(22b-1) Receiver sensitivity for data channel = (18b-1) ++ (19b-1) + (20) – (21b) [dBm]


			-92.68 


			-102.74 


			10MHz FDD


			


			





			(22b-2) Receiver sensitivity for data channel = (18b-2) ++ (19b-2) + (20) – (21b) [dBm]


			-89.31 


			-103.40 


			20MHz TDD


			


			





			(23a-1) Hardware link budget for control channel = (9a-1) + (11) - (22a-1) [dB]


			152.31 


			156.48 


			10MHz FDD


			


			





			(23a-2) Hardware link budget for control channel = (9a-2) + (11) - (22a-2) [dB]


			152.30 


			156.48 


			20MHz TDD


			


			





			(23b-1) Hardware link budget for data channel = (9b-1) + (11) - (22b-1) [dB]


			152.40 


			142.74 


			10MHz FDD


			


			





			(23b-2) Hardware link budget for data channel = (9b-2) + (11) - (22b-2) [dB]


			152.04 


			143.40 


			20MHz TDD


			


			





			Calculation of available pathloss


			 


			 


			 





			(24) Lognormal shadow fading std deviation [dB]


			9.4


			9.4


			 


			


			





			(25a) Shadow fading margin (function of the cell area reliability and (24)) [dB] 


			10.4


			10.4


			 


			


			





			(25b) Shadow fading margin (function of the cell area reliability and (24)) [dB] 


			10.4


			10.4


			 


			


			





			(26) BS selection/macro-diversity gain [dB]


			0


			0


			 


			


			





			(27) Penetration margin [dB]


			9


			9


			 


			


			





			(28) Other gains [dB] (if any please specify)


			0


			0


			 


			


			





			(29a-1) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12) [dB]


			131.91 


			134.08 


			10MHz FDD


			


			





			(29a-2) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12) [dB]


			131.90 


			134.08 


			20MHz TDD


			


			





			(29b-1) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12)  [dB]


			132.00 


			120.34 


			10MHz FDD


			


			





			(29b-2) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12)  [dB]


			131.64 


			121.00 


			20MHz TDD


			


			





			Range/Coverage efficiency calculation


			 


			 


			 





			(30a-1) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			2362.84 


			2688.66 


			10MHz FDD


			


			





			(30a-2) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) [m]


			2361.39 


			2688.66 


			20MHz TDD


			


			





			(30b-1) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			2375.49 


			1184.79 


			10MHz FDD


			


			





			(30b-2) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) [m]


			2323.96 


			1232.23 


			20MHz TDD


			


			





			(31a-1) Coverage Area for control channel = (π (30a)2) [sq m / site]


			17539513.53 


			22710253.14 


			10MHz FDD


			


			





			(31a-2) Coverage Area for control channel = (π (30a)2) [sq m / site]


			17517973.59 


			22710253.14 


			20MHz TDD


			


			





			(31b-1) Coverage Area for data channel = (π (30b)2) [sq m / site]


			17727874.98 


			4409968.99 


			10MHz FDD


			


			





			(31b-2) Coverage Area for data channel = (π (30b)2) [sq m / site]


			16967146.48 


			4770131.41 


			20MHz TDD


			


			





			


			


			


			


			


			





			Pathloss


			


			


			


			


			





			=161.04-7.1*log10(W)+7.5*log10(h)-(24.37-3.7*(h/hBS)^2)*log10(hBS)+(43.42-3.1*log10(hBS))*(log10(d)-3)+20*log10(fc)-(3.2*(log10(11.75*hUT))^2-4.97)


			





			W


			20


			hBS


			35


			h


			5





			


			


			


			


			


			





			38.63338906


			


			


			


			


			





			distance


			


			


			


			


			





			=10^{(Pathloss-1.7)/38.6}
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