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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 Canadian Evaluation Group is a registered Independent Evaluation Group. At the 8th meeting of Working Party 5D, a final evaluation report on IMT-Advanced candidate technology submissions in Documents IMT-ADV/4 and IMT-ADV/8 was submitted by CEG (Doc. 5D/781). Working Party 5D has reviewed the evaluation report, and will consider it further in the IMT-Advanced development process.
2	Evaluation summary
2.1	Use of information in Report ITU-R M.2135-1
Working Party 5D has defined evaluation guidelines for IMT-Advanced candidate technology evaluation in the Report ITU-R M.2135. The latest version of this document is Report ITU-R M.2135-1.
Independent Evaluation Groups are requested to indicate in their inputs to Working Party 5D that they applied Report ITU-R M.2135-1 in their evaluation.


Does Independent Evaluation Group confirm use of Report ITU-R M.2135-1 in their work?
 Yes	 No
2.2	Provision of compliance templates
2.2.1	Candidate technology submission in Document IMT-ADV/4
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.2.2	Candidate technology submission in Document IMT-ADV/8 TDD RIT
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.2.3	Candidate technology submission in Document IMT-ADV/8 FDD RIT
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.3	Summary of conclusions of the Evaluation Report
2.3.1	Candidate technology submission in Document IMT-ADV/4
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No


Which test environments have been considered in the Evaluation Report? What is the outcome of the evaluation?

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

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation



2.3.2	Candidate technology submission in Document IMT-ADV/8 TDD RIT
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No
Which test environments have been considered in the Evaluation Report? What is outcome of the evaluation?

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

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation



2.3.3	Candidate technology submission in Document IMT-ADV/8 FDD RIT
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No


Which test environments have been considered in the Evaluation Report? What is outcome of the evaluation?

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

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation



2.4	Additional evaluation methodologies and assumptions
Have any additional evaluation methodologies or assumptions not included in the Report ITU-R M.2135-1 been used in the evaluation?
 Yes	 No
3	Evaluation Report
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Part I

Administrative aspects of the Independent Evaluation Group 

1
Name of the Independent Evaluation Group


The evaluation group is known as the Canadian Evaluation Group or CEG. 


2
Introduction/background of the Independent Evaluation Group


The CEG was founded in 1996 under the auspices of the Canadian National Organization (CNO) and is subject to the CNO process in its method of work. At the time it was established, the objective was to respond to the ITU-R request for evaluations of candidate IMT-2000 Radio Transmission Technology (RTT) submissions as per ITU-R Circular Letter 8/LCCE/47. Of the fifteen technologies that were submitted (ten terrestrial, five satellite), only the terrestrial technologies were evaluated using the method explained in Recommendation ITU-R M.1225. Both time (1 July – 30 September 1998) and resources being limited, the CEG decided to give priority to the most important evaluation criteria/attributes (each criterion had several attributes) as signified by the category G1 in Recommendation ITU-R M.1225. A coordinator was appointed for each criterion and tasked with the duty of developing a summary report for that criterion. The final report of the CEG on the candidate IMT-2000 technologies can be found on-line as indicated in Section 6.1 – a total of five technologies were identified as “IMT-2000.” Detailed specifications of these technologies can be found in Recommendation ITU-R M.1457 – which is being revised even to this day. 


Subsequently, the CEG was re-convened in 2007 to evaluate a sixth candidate proposal. The same process was followed as previously with each coordinator evaluating category G1 criteria and as many of the G2, G3 and G4 categories as possible. This proposal was also accepted as an IMT-2000 technology – with the result that M.1457 now contains six Radio Transmission Technologies.


3
Method of Work


The CEG continues its activities under the auspices of the CNO. In response to Circular Letter 5/LCCE/2 of the ITU-R – which announced the evaluation process of candidate Radio Interface Technologies (RITs) for IMT-Advanced – the CEG issued a “Call to Participate” to all of Canadian industry and academia (Universities and Research Institutions). The response was immediate and plentiful – there are a total of about fifteen organizations taking part in the work of the CEG, including the two Canadian Regulatory bodies – Industry Canada and the Canadian RadioTelevision and Telecommunications Commission (as observers). 


At the outset, the CEG established an official list of participants and an “unofficial” list of contributors – who were required occasionally to help the participants answer questions or perform complex technical analyses in specific cases. The rules and procedures that governed the CEG work were based on the CNO manual. In a bid to ensure that its work emphasized the independent view sought by the ITU in its original call to establish Independent Evaluation Groups (IEGs), the CEG introduced a rule that its members should not participate in other EGs. Conversely, members of other EGs could not participate in the work of the CEG. 


The CEG developed a “matrix of commitments/responsibilities” – getting commitment from each participating entity as to which technology (or portion thereof) each would evaluate – as shown in Table 6.3.1. Thus “coordinators” were appointed for each of the requirements (in some cases one coordinator looked after several requirements) and it was the coordinator’s responsibility to produce a report on the requirement to which he/she committed. In their task(s), the coordinators were helped by others who volunteered to perform some portion of the work (if not all of it).  


The method of work included:


1)
Formal meetings at the CEG Plenary level. 


2)
Generation of detailed reports (containing analyses, theoretical calculations, etc.) that were then discussed by all participants.   


3)
Conference calls as required. 


4)
E-mail exchanges as required. 


5)
Face-to-face meetings at the coordinators’ level as required. 


4
Administrative Contact Details


Dr. José Costa


jose.costa@ericsson.com 


Note that Dr. Costa is the web-master and maintains the sites whose URLs are mentioned in section 6. 

5
Technical Contact Details


Dr. Venkatesh Sampath


ven.sampath@ericsson.com 


6
Other pertinent administrative information


6.1
CEG web site


The CEG maintains two web-sites: 


www.IMT-2000.ca  which is the reference site for IMT-2000 technologies


www.IMT-Advanced.ca  which is the reference site for the candidate (as of the date of publishing of this Report) IMT-Advanced technologies. 


6.2
Candidate proposals being evaluated

The following table (6.2.1) summarizes the candidate submissions and the actions taken by WP 5D.  It is noted that there are two distinct proposals shown in bold in the table; the other proposals are virtually identical in whole or in part. 


Table 6.2.1

Candidate technologies to be evaluated (as determined by the ITU-R). 


		Proponent:

		IEEE

		Japan

		Japan

		TTA

		3GPP

		China



		Submission in

		Doc. 5D/542

(based on IEEE 802.16)

		Doc. 5D/544


(based on IEEE 802.16)

		Doc. 5D/545


(based on LTE-Advanced)

		Doc. 5D/560


(based on IEEE 802.16)

		Doc. 5D/564

(LTE-Advanced)

		Doc. 5D/580


(TD-LTE-Advanced)



		Technology label

		IEEE

		IEEE

		3GPP

		IEEE

		3GPP

		3GPP



		WP 5D Liaison statement regarding the completeness of the submissions (include the proposals)

		IMT-ADV-4

		IMT-ADV-5

		IMT-ADV-6

		IMT-ADV-7

		IMT-ADV-8

		IMT-ADV-9





Due to the duplicate nature of the contents of some of the proposals, the ITU-R determined that only two technologies required evaluation; hence the CEG only evaluated the proposals in Documents IMT-ADV-4 and IMT-ADV-8, as presented in Part II of this report.  The results of the potential evaluation of the other proposals should be considered as being identical to the corresponding results for IMT-ADV-4 or IMT-ADV-8.


6.3
CEG Members


The CEG’s members are shown in Table 6.3.1. 


Table 6.3.1


Matrix of Responsibilities
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Bell 


3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP


Ericsson (CAN)


3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP


Aviat Networks


IEEE


Huawei (CAN)


3GPP; IEEE 3GPP, IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP 3GPP 3GPP 3GPP 3GPP; IEEE


Intel (CAN)


IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE IEEE


RIM


3GPP: IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP 3GPP 3GPP 3GPP


Rogers


3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE


Telesat


Telus


3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP


Carleton


3GPP; IEEE


INRS


3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE


Memorial


IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE


Univ. Laval


Ottawa U.


U-of-Tor


3GPP; IEEE 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP 3GPP


Waterloo
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IC


CRC 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE 3GPP; IEEE


Section 


Coordinator


Andy M. Remi C. Remi C. Andy M.  Andy M. Andy M.  P.F. Ng P.F. Ng P.F. Ng Jose C.


Sofiene 


(3GPP)


Remi (IEEE)
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Remi (IEEE)
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Chart summarizing the commitment of CEG participants in the evaluation activity
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Part II

Technical aspects of the work of the Independent Evaluation Group


7
Candidate technologies and the portions thereof evaluated


The CEG evaluated the technologies described in the documents IMT-ADV/4 and IMT-ADV/8, referred to as the IEEE candidate technology (IEEE CT) and the 3GPP candidate technology (3GPP CT). Though a total of six candidate technologies were submitted to the ITU-R WP5D meeting in Dresden, Germany (Oct 2009), it was determined by the ITU-R that the remaining four technologies were identical to the two above. Consequently, evaluation of these two would amount to an evaluation of the remaining four as well. 


8
3GPP Candidate Technology – SRIT


The technology submitted in IMT-ADV/8 is a Set of Radio Interface Technologies (SRIT) – with an FDD component and a TDD component. The proponent claims that, individually, each component satisfies the requirements of IMT-Advanced; therefore, combined, as an SRIT, IMT‑Advanced Radio Interface Technology requirements are met. 


The compliance templates completed by the CEG for the 3GPP candidate technology are contained in the following two files embedded electronically:




[image: image3.emf]LTE_candidate_FDD_ Final_Report_28May10.doc
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8.1
Peak Spectral Efficiency – FDD and TDD


8.1.1
Summary


The CEG undertook a study of the peak spectral efficiency of the 3GPP CT.


· The collaborative study confirms the self-analysis indicating that the ITU-R Peak Spectral Efficiency requirement has been met.  


· The overhead assumptions used are based on 


· the clarification from WP-5D (5D/679 attachment 5.9) that only Layer 1 factors should be included 


· the review of similar comments from 3GPP (001_RP-100127_LS_to_CEG.doc).  


· It is noted that the information bit rate at a service access point offered a maximum downlink throughput slightly smaller than the Peak Spectral Efficiency figure presented below.


8.1.2
Results

The following outlines the results of the detailed analyses of Peak Spectral Efficiency. 


Note that there may be some ambiguity as to whether some of the elements are Layer 1 or Layer 2, but that the CEG judged that these considerations would have minor effect on the final figures. Tables 8.1.2.1 and 8.1.2.2 present results for the UL and DL transmission with the maximum number of antenna elements specified by Report ITU-R M.2135-1.

TABLE 8.1.2.1

Uplink Peak Spectral Efficiency for 3GPP Candidate Technology 


		Uplink Peak Spectral Efficiency (bits/s/Hz)



		

		3GPP CT



		

		FDD UL

		TDD UL



		Min. ITU-R Requirement

		6.75



		2-layer spatial multiplexing

		8.42

		7.91





TABLE 8.1.2.2

Downlink Peak Spectral Efficiency for 3GPP Candidate Technology. 


		Downlink Peak Spectral Efficiency (bits/s/Hz)



		

		3GPP CT



		

		FDD DL

		TDD DL



		Min. ITU-R Requirement

		15



		4-layer spatial multiplexing

		16.16

		15.65





FIGURE 8.1.2.1

Graphical Representation of Peak Spectral Efficiency
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Figure 8.1.2.1 presents the results of the peak spectral efficiency calculations for both downlink (DL) and uplink (UL) as well as for both FDD and TDD components. 


Table 8.1.2.3 presents the detailed calculations for DL and UL peak spectral efficiencies for both the FDD and TDD components.


TABLE 8.1.2.3

Details of the downlink and uplink evaluations for 3GPP CT (FDD and TDD)


		Peak Spectral Efficiency (TDD and FDD) for 3GPP CT *



		Parameter

		TDD Mode

		FDD Mode



		Channel Bandwidth, BW

		20 MHz

		20 MHz



		Coding Rate, FECrate

		1 (raw)



		Repetition rate

		1



		Cyclic Prefix Ratio (DL & UL)

		1/16



		Spatial Multiplexing, Ns

		2 streams for UL & 4 streams for DL



		Number of Resource Blocks (RBs) 

		NRB = 100 

		NRB = 100 



		Number of data subcarriers per RB

		12



		Subcarriers per frame, NSC 

		1200



		Frame Length, Tf

		10ms

		10 ms



		Number of Subframes 

		10 each 1 ms

		10 each 1 ms



		Number of symbols per subframe 

		14 OFDM symbols

		14 OFDM symbols



		Total OFDM data symbols per frame,


NT = NsubframesxNsymbols

		14x10 =80 DL + 58 UL +2 Guard

NT = 80  for DL


NT =58-2 UpPTs = 56 for UL

		NT = 14x10 =140 OFDM symbols



		Transmit time ratio per frame

		TTX  =( NT+one Guard Period)/140

		TTX  = 1 



		Cell-specific Reference Signal ratio,


CRS

		(24-4)x6/(12x80) 4 streams

		(24-4)x100/(1200x14) 4 streams



		Synchronization Signal / Primary Broadcast ratio per frame, SS/PBCH 

		(240+288)/(1200x80), 4 streams

		528/(1200x14x10), 4 streams



		DL Control indicator ratio, PDCCH

		6x1200/(1200x80) = 6/80

		1200/(1200x14) = 1/14



		DL Channel State Info Indicator fraction for reference signal, CSI_RS

		0.0084, 4 streams

		0.0048, 4 streams



		Overhead fraction

		OHDL = CRS + PBCH + PDCCH + CSI_RS for 4 streams


OHUL = 2/100 PUCCH + 6/(4x100) PRACH

		OHDL = CRS +PBCH+PDCCH + CSI_RS for 4 streams


OHUL 2/100 PUCCH + 6/(10x100) PRACH



		Number of bits per symbol 

		Nb = 6 bits/symbol for 64 QAM



		Peak Throughput 

		PEAKTHRO = (NT NSC Nb FECrate NS )(1-OHDL)/Tf   for DL


PEAKTHRO = (NT NSC Nb FECrate NS )(1-OHUL)/Tf   for UL



		Peak DL Throughput

		181.12 Mbits/s for 4 streams

		323.21 Mbits/s for 4 streams



		Peak UL Throughput

		66.70 Mbits/s for 2 streams

		168.31 Mbits/s for 2 streams



		Peak Spectral Efficiency

		PEAKTHRO /(TTX*BW)



		DL Peak spectral efficiency

		15.65 bits/s/Hz for 4 streams

		16.16 bits/s/Hz for 4 streams



		UL Peak spectral efficiency

		7.91 bits/s/Hz for 2 streams

		8.42 bits/s/Hz for 2 streams



		* Parameters are as per attachment to Document ITU-R IMT-ADV/8-E, October 2009. 





8.1.3
Results Based on Available Information Bit Rate.


The CEG also took an evaluation approach based on a different calculation method, focusing on the information bit rate at a service access point (SAP) entering Layer 1 under the most ideal channel conditions.


Taking this approach, careful analysis lead to the conclusion that in the 20 MHz FDD configuration of Release 8, peak normalized throughput is 14.9776 b/s/Hz for the Downlink and 3.769 b/s/Hz for the Uplink.  The 3GPP candidate technology DL figure is the same as the Release 8 because the schemes are the same for up to 4 layers.   For the Uplink, two streams in the transmitter are introduced and the peak normalized throughput would exceed 6.5 b/s/Hz, although it is difficult to assess an exact figure using the SAP approach, given that the relevant details are not available in IMT-ADV/8.


8.2
Control Plane Latency


The C-plane cases identified by the proponent fully meet the ITU-R requirement for both synchronized and unsynchronized cases.


The proponent has analyzed two latency cases (IMT-ADV/8 RP090743 Section 16.2) depending on the internal connection state:


–
Idle-to-connected


–
Dormant-to-active.  This transition is between states when the UE is already synchronized and is thus significantly faster


For each transition, the proponent details the steps and the corresponding latencies.  The proponent offers the same analysis for both the TDD RIT and the FDD RIT.  The evaluation for both transitions meets the 100ms requirement with ample margin.

For LTE Release 10 and beyond, according to the proponent’s analysis in TR 36.912 , the Idle-to-connected state transition can take less than 50ms, and the dormant-to-active transition can take as little as 9.5 ms.


The proponent has detailed the corresponding figures for LTE Rel 8 in TR 36.912, Annex B and shown that LTE Release 8 fulfills the requirements.  The improvements for the Idle-to-connected case stated for LTE Release 10 and beyond come from


–
Reduced UE processing time


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

8.3
User Plane Latency


The mid-call U-plane cases identified by the proponent, fully meet the ITU-R requirement when synchronized, however the latency may slightly exceed the ITU-R requirement for rare mid-call events when the user equipment needs to synchronize and obtain a scheduling assignment.


In the following analysis, the proponent’s arithmetic calculations have been checked and verified.  The basic input assumptions are also validated.  The proponent’s text is used as basis for this analysis.

In the following, italicized text is extracted verbatim from the 3GPP IMT-ADV/8 proposal.

8.3.1
FDD RIT

From proponent’s submission IMT-ADV/8 (RP090743 Annex B.2.1 – everything within the quotes, including the figure, is a direct extract):


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


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


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


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


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


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


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


FIGURE B.2.1-1

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


Reports ITU-R M.2135-1 and M.2134 do not specify a HARQ BLER figure to use in the calculations.  It is the CEG’s opinion that a HARQ BLER value of 10% is realistic, and hence that the proponent offers a reasonable analysis.


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


The equipment latency figures largely consist of processing delay (e.g. channel encoding/decoding, scheduling, channel estimation) and are thus subject to various implementation choices.  Hence, faster processing leads to lower figures.  Thus, the limitation does not lie in the technology potential of the proposal as such, but rather depends on the implementation choices – a factor that lies outside the scope of the IMT-Advanced evaluations.  The CEG believes that the Figure 1.5 ms seems well balanced and reasonable.


The CEG concludes that the proponent’s claims are verified, that the technology potential clearly allows sufficiently small user plane latency so that the IMT-Advanced requirements are met and exceeded with a margin.


8.3.2
TDD RIT

From proponent’s submission IMT-ADV/8 (RP090743 Annex B.2.2):


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


FIGURE B.2.2-1

User plane latency components for TDD
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Where:


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


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


c)
The TTI duration is 1ms.

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


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


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


Table B.2.2-2a

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


		Step

		Description

		UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		eNB Processing Delay

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		2

		Frame Alignment

		1.7ms

		1.1ms

		0.7ms

		1.1ms

		0.8ms

		0.6ms

		1.4ms



		3

		TTI duration

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		4

		UE Processing Delay

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms



		

		Total one way delay

		5.2ms

		4.6ms

		4.2ms

		4.6ms

		4.3ms

		4.1ms

		4.9ms





Table B.2.2-2b 

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


		Step

		Description

		 UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		UE Processing Delay

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		2

		Frame Alignment

		1.1ms

		1.7ms

		2.5ms

		3.3ms

		4.1ms

		5ms

		1.4ms



		3

		TTI duration

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		4

		eNB Processing Delay

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms



		

		Total one way delay

		4.6ms

		5.2ms

		6ms

		6.8ms

		7.6ms

		8.5ms

		4.9ms





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

Table B.2.2-3a

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


		Step

		Description

		UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		eNB Processing Delay

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		2

		Frame Alignment

		1.7ms

		1.1ms

		0.7ms

		1.1ms

		0.8ms

		0.6ms

		1.4ms



		3

		TTI duration

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		4

		UE Processing Delay

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms



		5

		HARQ Retransmission

		0.1*10ms

		0.1*10.2ms

		0.1*9.8ms

		0.1*10.5ms

		0.1*11.6ms

		0.1*12.4ms

		0.1*11.2ms



		

		Total one way delay

		6.2ms

		5.62ms

		5.18ms

		5.65ms

		5.46ms

		5.34ms

		6.02ms





Table B.2.2-3b

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


		Step

		Description

		UL/DL configuration



		

		

		0

		1

		2

		3

		4

		5

		6



		1

		UE Processing Delay

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		2

		Frame Alignment

		1.1ms

		1.7ms

		2.5ms

		3.3ms

		4.1ms

		5ms

		1.4ms



		3

		TTI duration

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms

		1ms



		4

		eNB Processing Delay

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms

		1.5ms



		5

		HARQ Retransmission

		0.1*11.6ms

		0.1*10ms

		0.1*10ms

		0.1*10ms

		0.1*10ms

		0.1*10ms

		0.1*11.5ms



		

		Total one way delay

		5.76ms

		6.2ms

		7ms

		7.8ms

		8.6ms

		9.5ms

		6.05ms





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

Reports ITU-R M.2135-1 and M.2134 do not specify a HARQ BLER figure to use in the calculations.  It is the CEG’s opinion that a HARQ BLER value of 10% is realistic, and hence that the proponent offers a reasonable analysis.


The HARQ round trip time depends on the chosen UL/DL configuration, and thus the frame alignment component tFA. The total one way delays are given in the tables above, and the resulting sum of UL and DL delays is given by Table 8.3.2.5.

TABLE 8.3.2.5


Total Delay with 10% HARQ BLER


		Description

		UL/DL configuration



		

		0

		1

		2

		3

		4

		5

		6



		Total downlink delay

		6.2ms

		5.62ms

		5.18ms

		5.65ms

		5.46ms

		5.34ms

		6.02ms



		Total uplink delay

		5.76ms

		6.2ms

		7ms

		7.8ms

		8.6ms

		9.5ms

		6.05ms



		Round-trip time

		11.96 ms

		11.82 ms

		12.18 ms

		13.45 ms

		14.06 ms

		14.84 ms

		12.07 ms





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

8.4
Handover


The CEG concluded that the 3GPP claims for handover were verified as being compliant with the ITU-R requirements. However, it should be noted that the TDD interruption time will be slightly greater than the FDD example from 3GPP and will depend on the specific TDD configuration.


8.4.1
Analysis Details


3GPP states (RP090743 section 16.5) that the UE already has measured the target cell and that therefore the frequency synchronization is available at the time of HO, hence it is reasonable that any frequency synchronization time should not count in the interruption time.  This approach appears reasonable to the CEG, since unless the UE had measured the new cell, there cannot have been any decision to perform handover.


As indicated in the 3GPP response, this synchronization consideration implies that there is no significant difference whether or not an intra-frequency or inter-frequency handover is initiated.


For the FDD RIT, the CEG agrees that a RACH can be scheduled on the uplink every 1 ms in each of the 10 uplink subframes/frame, thus creating a random latency with an average of 0.5 ms (1 ms at worst case) and a consequential mean interruption delay of 10.5 ms.  However, component 2 “average delay due to RACH scheduling” in the 3GPP calculation will need modification for TDD cases. 


The CEG sent a query to the 3GPP Correspondence Group regarding the TDD cases (with the preliminary analysis below), which was responded to by the “Q#2: TDD Hanover” item within the response  liaison “001_RP-100127_LS_to_CEG.doc”.  3GPP concurred that the handover delay will vary depending on the specific TDD configuration .  3GPP noted that PRACH can be configured in either UL or SP subframes, which also introduces some variability.  3GPP agreed that the Canadian analysis correctly reflected one set of possible configurations.


3GPP 36.211 Table 4.2-2 defines 7 TDD uplink/downlink (UL/DL) configurations.  Since RACH transmissions triggering the handoff can only be sent from the UE in uplink frames, the delay for a specific event will depend on when the next uplink subframe occurs.  Special subframes (S) can be considered as a downlink sub-frame for this analysis.  By way of example, TDD configuration #2 is shown in the following figure and analysis.  Each sub-frame lasts 1 ms.


FIGURE 8.4.1.1

RACH Scheduling Delay for Specific Subframes


[image: image14.emf]TDD Configuration #2


9


0


1


2


3


4


5


6


7


8


9


0


1


2


Subframe #


8


S S


S


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


Delay


(ms)


Mean Delay (ms)


TDD Configuration #2


9


0


1


2


3


4


5


6


7


8


9


0


1


2


Subframe #


8


S S


S


9


0


1


2


3


4


5


6


7


8


9


0


1


2


Subframe #


8 9


0


1


2


3


4


5


6


7


8


9


0


1


2


Subframe #


8


S S


S


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


0


1


2


3 4


0.5


1.5


2.5


3.5


4.5


Delay


(ms)


Mean Delay (ms)




In this TDD configuration #2 (shown in Figure 8.4.1.1), only subframes 2 and 7 support uplink transmissions.  If the UE needs to make a RACH to start the handoff, it must wait for the start of sub-frames 2 or 7.


RACH attempts during subframe 1 or 6, must wait till the following subframe to start, thus the delay is between 0 and 1 ms (0.5 ms average). This is similar to the FDD case, where the following uplink subframe can always be used for any subframe.


RACH attempts during subframe 0 or 5, must wait till subframe 2 or 7 to start, thus the delay is between 1 and 2 ms (1.5 ms average).


RACH attempts during subframe 9 or 4, must wait till subframe 2 or 7 to start, thus the delay is between 2 and 3 ms (2.5 ms average).


RACH attempts during subframe 8 or 3, must wait till subframe 2 or 7 to start, thus the delay is between 3 and 4 ms (3.5 ms average).


RACH attempts during subframe 7 or 2, must wait till subframe 2 or 7 to start, thus the delay is between 4 and 5 ms (4.5 ms average).


Averaging these subframe delays (0.5, 1.5, 2.5, 3.5, 4.5) across the 10ms frame, produces a mean delay of 2.5 ms


Based on this analysis, the following table (8.4.1.2) is developed for each of the TDD configurations in 3GPP 36.211 Table 4.2-2.  Each configuration has a second row showing the mean delay for a RACH from the specific subframe.  The final column shows the mean delay across the full frame and the final row shows the FDD case for comparison.


TABLE 8.4.1.2


RACH Scheduling Delay for TDD Configurations


[image: image15.emf]0 1 2 3 4 5 6 7 8 9


D S U U U D S U U U


1.5 0.5 0.5 0.5 2.5 1.5 0.5 0.5 0.5 2.5


D S U U D D S U U D


1.5 0.5 0.5 3.5 2.5 1.5 0.5 0.5 3.5 2.5


D S U D D D S U D D


1.5 0.5 4.5 3.5 2.5 1.5 0.5 4.5 3.5 2.5


D S U U U D D D D D


1.5 0.5 0.5 0.5 7.5 6.5 5.5 4.5 3.5 2.5


D S U U D D D D D D


1.5 0.5 0.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5


D S U D D D D D D D


1.5 0.5 9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5


D S U U U D S U U D


1.5 0.5 0.5 0.5 2.5 1.5 0.5 0.5 3.5 2.5


U+D U+D U+D U+D U+D U+D U+D U+D U+D U+D


0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5


1


2


5 ms


5 ms


5 ms


10 ms


10 ms 3


4


Mean


delay


(ms)


Uplink-


downlink


configurati


on


Downlink-


to-Uplink


Switch-


point 


periodicity


1.1


Subframe number


0


1.7


2.5


3.3


4.1


FDD NA 0.5


5


1.4 5 ms


10 ms 5


6




For the “worst” configuration (TDD config #5) the mean delay would be 5 ms (worst-case delay10 ms) to send a RACH.  Including this mean delay into the 3GPP interruption calculation shows that the mean interruption delay for configuration #5 could be 15 ms.  This is still significantly inside the Report ITU‑R M.2133 (section 4.2.4.3.9) requirement of 27.5 ms.


For each of the cases studied by the CEG and also those highlighted in the 3GPP liaison, the intrafrequency handover interruption delay is substantially less than the Report ITU-R M.2134 Requirement of 27.5ms.  It can be concluded that the 3GPP claims for handover are verified as being compliant with the ITU-R requirements.

8.4.2
Inter-system handover


Relevant Proposal Statements:  The information is provided by the proponent in rows 4.2.3.2.5.1 and 4.2.3.2.5.2 of the characteristics template (Document IMT-ADV/8; RP-090745).


Evaluation Methodology:  As described in Report ITU-R M.2135-1, Section 7.4.3, “the support of inter-system handover … is verified by inspection of the proposal.”


Conclusion:  Based on the information provided by the proponent, the candidate SRIT meets the requirements regarding inter-system handover.


8.5
Bandwidth


Relevant Proposal Statements:  The information is provided by the proponent in RP‑090745.  For the FDD RIT, row 4.2.3.2.8.2 of the FDD RIT characteristics template applies and for the TDD RIT, row 4.2.3.2.8.2 of the TDD RIT characteristics template applies.


Evaluation Methodology:  As described in Report ITU-R M.2135-1, Section 7.4.1, “the support of maximum bandwidth … is verified by inspection of the proposal.”


Conclusion:  Based on the information provided by the proponent, both the candidate FDD RIT and the candidate TDD RIT meet the requirements regarding maximum bandwidth.  Therefore, it is concluded that the candidate SRIT meets the requirements regarding maximum bandwidth.

8.6
Deployment possible in at least one of the identified IMT bands


Relevant Proposal Statements: For the FDD RIT and the TDD RIT, the information is provided by the proponents in Section 4.2.3.2.8.3 of RP-090745.


Evaluation Methodology: As stated in Report ITU-R M.2135-1, Section 4.2, “The set of IMT bands supported is demonstrated by inspection of the proposal.”


Conclusion: Based on the information provided by the proponents, both the candidate FDD RIT and the candidate TDD RIT meet the requirements regarding deployment being possible in at least one of the identified IMT bands.  Therefore, it is concluded that the candidate SRIT meets the requirements regarding deployment being possible in at least one of the identified IMT bands.


8.7
Channel bandwidth scalability


Relevant Proposal Statements:  The information is provided by the proponents in Section 16.6.2 of RP‑090743.

Evaluation Methodology:  As described in Report ITU-R M.2135-1, Section 7.4.1, “the scalability requirement is verified by demonstrating that the candidate RIT or SRIT can support at least three bandwidth values.”

Conclusion:  Based on the information provided by the proponents, both the candidate FDD RIT and the candidate TDD RIT meet the requirements regarding channel bandwidth scalability.  Thus, the candidate SRIT meets the requirements regarding channel bandwidth scalability.


8.8
Support for a wide range of services


Proponents’ self-evaluation:  Section 4.2.4.1 of RP-090747 and Subclause 16.7 of 3GPP TR 36.912 V9.0.0 (2009-09).


Evaluation Methodology:  As described in Report ITU-R M.2135-1, Table 6-1, the evaluation method for this characteristic is “inspection”.

		CEG analysis:


The ITU-R evaluation methodology and performance criteria for the requirement on support for a wide range of services are reproduced in Annex 3 for convenience.


Table 1 of Recommendation ITU-R M.1822 provides examples of each service class listed in the evaluation criteria and it is reproduced in Annex 4 for convenience.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1.1 of IMT-ADV/8, for FDD and TDD, the Basic Conversational Service Class appears supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1.2 of IMT-ADV/8, for FDD and TDD, the Rich Conversational Service Class appears supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1.3 (Table 16.7-1) of IMT-ADV/8, the Conversational Low Delay Service Class appears supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1 (Table 16.7-1) of IMT-ADV/8, the Interactive High Delay and Interactive Low Delay Service Classes appear supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1 (Table 16.7-1) of IMT-ADV/8, the Streaming Live and Streaming Non-Live Service Classes appear supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1 (Table 16.7-1) of IMT-ADV/8, the Background Service Class appears supported.





Conclusion:


Based on the above statements, the candidate SRIT meets the requirements for support for a wide range of services, for both the FDD and TDD modes of operation.


8.9
Evaluation by simulations


8.9.1
Summary of results


Based on the evaluation results obtained by simulations and the adopted methodology (section 8.9.2), the CEG concludes that the 3GPP candidate proposal meets the ITU requirements in all four evaluation criteria: spectral efficiency (section 8.9.4), cell edge spectral efficiency (section 8.9.5), mobility (section 8.9.6) and VoIP capacity (section 8.9.7).


8.9.2
Methodology


To evaluate the air interface proposed by the 3GPP and IEEE proponents, two levels were considered: the link-level and the system-level. The link-level analysis gives information on fundamental metrics performance. The whole system performance in a real setting with multiple base stations and a large number of active mobile users can only be evaluated through system-level analysis.


This method is based on link-level physical layer abstraction. This abstraction aims at predicting the instantaneous performance for a single link and determining the block error rate (BLER) for different SINR values. Link-level simulations are carried out for an additive white Gaussian noise (AWGN) channel over 1×1 antenna configuration. Then a link-to-system level mapping method is performed.


To evaluate the system performance, system-level simulations are run over a realistic area that maps the users’ distribution, the cell layout, the environment variations, the user scheduling. Then, effective SINRs are generated from the system-level SINRs and mapped to the link-level BLER curves to get the resulting BLER. The effective SINR comes about as a result of the compression of the SINR vector for different subcarriers.


To evaluate the downlink (uplink) throughput, only packets on the downlink (uplink) are considered in the calculations. The data throughput of a user is defined as the ratio of the number of the successfully received information bits per user divided by the amount of the total simulation time.


Six CEG members contributed to the evaluation of the 3GPP proposal following the methodology summarized above. Annex 2 to this CEG report includes individual simulations conducted by these members
 identified by the commitment matrix (Part I) and used by the CEG to make its final decisions. These decisions are based on the median value
 of all results reported by the members for a given criterion and type of environment, all listed in the tables below in an ascending order, with corresponding entries identifying the configurations for which these results were obtained.


8.9.3
Assumptions


Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135-1.


TABLE 8.9.3.1


Simulation assumptions


		Parameter

		Values used for evaluation



		Deployment scenario

		• Indoor hotspot
• Urban micro-cell
• Urban macro-cell
• Rural macro-cell
Parameters and assumptions not shown here for each scenario are shown in ITU guidelines [ITU-R Report M.2135-1].



		Duplex method and bandwidths

		FDD:  10+10 MHz except Indoor hotspot with 20+20 MHz
TDD:  20 MHz
Baseline asymmetry during 5 subframes period:
2 full DL subframes,
Special subframe: DwPTS 11symbol, GP 1 symbol, UpPTS 2 symbol,
2 full UL subframes



		Network synchronization

		Synchronized



		Handover margin

		1.0 dB



		Downlink transmission scheme 

		Baseline transmission scheme (LTE Rel.8)
• MIMO closed loop precoded spatial multiplexing (transmission mode 4 [36.213])
• MIMO single stream beamforming (transmission mode 7 [36.213])
Advanced scheme (LTE-A)
• MU-MIMO without coordination
• MU-MIMO with intercell coordination
• Joint processing CoMP (SU-MIMO is possible for all cases.)

• SU-MIMO with open loop precoded spatial multiplexing

• SU-SISO



		Downlink scheduler

		For baseline transmission scheme (LTE Rel.8):  
• Proportional fair in time and frequency
For advanced transmission scheme (LTE-A) 
• Aligned with transmission scheme



		Downlink link adaptation

		Non-ideal based on non-ideal CQI/PMI/RI reports and/or non-ideal sounding transmission, reporting mode: and period selected according to scheduler and MIMO transmission schemes; reporting delay and MCS based on LTE transport formats according to [36.213].
Baseline: 
A) Non-frequency selective PMI and frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB
B) Sounding-based precoding, frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB


C) Non-ideal, type A) for FDD, type B) for TDD 


CQI: 4ms delay 10ms period; PUCCH-based feedback.sub-band PMI with 5PRBs.



		CSI assumption at eNB

		No CSI for R8


Ref. to R1-092977, short-term and/or narrowband channel state information with non-ideal channel estimation and feedback delay.


Long-term wideband transmit channel covariance matrix



		Downlink HARQ scheme

		Incremental redundancy or Chase combining



		Downlink receiver type

		Baseline scheme
•    MMSE
•    MMSE with inter-cell interference rejection capabilities




		Uplink transmission scheme

		·   1x4 SIMO without MU-MIMO,


· 1x4 CoMP, 


· 2x4 SU-MIMO and CoMP






		Uplink scheduler

		Proportional fair



		Uplink Power control

		Rel. 8: Fractional power control, alpha = 0.8; P0 fitted to the environment (IoT reported with simulation results.)


Beyond Rel. 8: Fractional power control,alpha = 0.8; P0 fitted to the environment.



		Uplink link adaptation

		Non-ideal based on delayed SRS-based measurements: 
MCS based on LTE transport formats and SRS period and bandwidths according to [36.213].



		Uplink HARQ scheme

		• Incremental redundancy or
• Chase combining



		Uplink receiver type

		• MMSE 



		Antenna configuration
base station

		Baseline: 4 or 8 Tx antennas with the following configurations:
A) Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)

B) Grouped co-polarized:
Two groups of co-polarized antennas. 10 wavelengths between center of each group. 0.5 wavelength separation within each group
(illustration  for 4 Tx: ||          || )

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

D)  Uncorrelated cross-polarized:
Columns with +-45deg  linearly polarized antennas
Columns separated 4 wavelengths
(illustration for 4 Tx: X    X)

E) Correlated cross-polarized
Columns with +-45deg  linearly polarized antennas
Columns separated 0.5  wavelengths
(illustration for 8Tx: XXXX)
Baseline mappings between deployment scenario and antenna configurations:




		Antenna configuration  UE

		Vertically polarized antennas with 0.5 wavelengths separation at UE



		Channel estimation
(Uplink and downlink)

		Non-ideal 
Beyond Rel. 8: For DL TDD beamforming mode ,use SRS for channel estimation with 5ms SRS period and  4 ms delay.



		Control channel and reference signal overhead, Acknowledgements etc. 

		Rel. 8:


FDD:


DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS (DRS only for beamforming)


UL overhead: 6 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 5ms radio frame;


TDD:


DL overhead: 2 symbols for DL CCHs, Antenna Port 0~3 CRS


UL overhead: 8 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 2 symbol SRS per 5ms radio frame; 


DL Spectral efficiency:


UL Spectral efficiency:


Beyond Rel. 8:


DL overhead: 


3 symbols for DL CCHs(2 symbols for TDD DL CCHs), Antenna Port 0~3 CRS, DM-RS with 12 REs per PRB



		Feedback and control channel errors

		None





8.9.4
Cell spectral efficiency


Cell spectral efficiency (() is defined, in M.2134, as the aggregate throughput of all users divided by the channel bandwidth divided by the number of cells. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio. The cell spectral efficiency is measured in bit/s/Hz/cell.


The following table (8.9.4.1) summarizes the spectral efficiency thresholds required by the ITU. These values were evaluated assuming an antenna configuration of downlink 4 × 2, uplink 2 × 4.


TABLE 8.9.4.1


Required cell spectral efficiency thresholds


		Env.

		Downlink
(bit/s/Hz/cell)

		Uplink
(bit/s/Hz/cell)



		InH

		3

		2.25



		UMi

		2.6

		1.80



		UMa

		2.2

		1.4



		RMa

		1.1

		0.7





The FDD/DL simulation results for cell spectral efficiency are listed in Table 8.9.4.2:

TABLE 8.9.4.2


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max / corresponding scenario, cf. TABLE 8.9.4.3)

		Median



		InH

		3

		3.90

		3.91

		3.99

		4.0

		4.12

		4.55

		4.83

		7.56

		4.06



		

		

		1

		2

		1

		2

		6

		7

		8

		12

		



		UMi

		2.6

		1.568

		1.92

		2.08

		2.12

		2.63

		2.65

		2.87

		2.9

		3.16

		3.46

		3.68

		3.75

		3.78

		2.87



		

		

		13

		1

		2

		3

		14

		15

		9

		16

		10

		11

		4

		12

		5

		



		UMa

		2.2

		1.5475

		1.48

		1.58

		1.77

		2.37

		2.4

		2.4

		2.49

		2.57

		2.58

		2.62

		2.86

		2.89

		2.37



		

		

		13

		1

		3

		2

		9

		12

		16

		14

		4

		15

		10

		11

		5

		



		RMa

		1.1

		1.66

		1.71

		1.83

		1.88

		1.96

		2.08

		2.14

		2.27

		3.47

		3.82

		4.18

		2.08



		

		

		1

		2

		3

		1

		6

		2

		7

		8

		9

		10

		11

		





Cell spectral efficiency results for FDD/DL RIT


TABLE 8.9.4.3


FDD/DL scenario correspondence 


		Scenario

		Definition



		1

		LTE Rel-8 4x2 Config. a)



		2

		LTE  Rel-8 4x2 Config. c)



		3

		LTE  Rel-8 4x2 Config. e)



		4

		CoMP with 4 antennas at BS Config. c)



		5

		MU-MIMO with 8 antennas at BS Config. c)



		6

		4x2 SU-MIMO L
 = 1 



		7

		4x2 SU-MIMO L1 = 2



		8

		4x2 SU-MIMO L1 = 3



		9

		4x2 MU-MIMO L1 = 1 



		10

		4x2 MU-MIMO L1 = 2



		11

		4x2 MU-MIMO L1 = 3



		12

		2x2 SU-MIMO



		13

		SISO Scheduler parameter α
 = 10



		14

		4x2 MIMO  α = 5



		15

		4x2 MIMO α = 10



		16 

		4x2 MU-MIMO 





Note that the scenario number in table 8.9.4.3 appears as the bottom row in table 8.9.4.2, while the top row contains the actual cell spectral efficiency number. For example, in the case of the Indoor hotspot environment (InH) in table 8.9.4.2, the ITU-R requirement is 3 b/s/Hz/cell. The actual values obtained from simulations range from a minimum of 3.90 b/s/Hz/cell corresponding to scenario 1 in table 8.9.4.3 to a maximum of 7.56 b/s/Hz/cell corresponding to scenario 12 in the same table. Since the number of simulations reported is even, the CEG decided to retain the average value of the two middle results (i.e. the average of 4.00 and 4.12 b/s/Hz/cell). Obviously, when the number of simulations reported is odd, the CEG simply retained the median value.


The FDD/UL simulation results for cell spectral efficiency are listed in table 8.9.4.4, while the corresponding antenna configurations appear in table 8.9.4.5:

TABLE 8.9.4.4


Cell spectral efficiency results for FDD/UL RIT


		nv.

		ITU-R Req


(bit/s/ Hz/cell)

		Results


(sorted values from min to max / corresponding scenario, cf. TABLE 8.9.4.5)

		Median



		InH

		2.25

		2.95

		3.18

		3.18

		3.40

		3.40

		3.42

		3.46

		3.46

		3.56

		3.57

		3.58

		4.01

		4.12

		5.58

		6.06

		3.46



		

		

		10

		4

		5

		1

		2

		7

		12

		13

		11

		17

		18

		9

		8

		15

		14

		



		UMi

		1.80

		1.66

		1.67

		1.79

		1.82

		1.93

		1.93

		2.02

		2.09

		2.23

		2.41

		2.59

		2.95

		3.42

		3.46

		3.56

		4.01

		4.12

		2.23



		

		

		5

		4

		6

		18

		1

		2

		17

		3

		13

		16

		15

		12

		7

		12

		11

		9

		8

		



		UMa

		1.4

		1.3

		1.3

		1.34

		1.43

		1.5

		1.51

		1.55

		1.55

		1.58

		1.68

		1.77

		1.8

		1.83

		1.95

		1.97

		2.11

		2.94

		1.58



		

		

		5

		6

		4

		18

		2

		3

		1

		12

		17

		10

		13

		9

		11

		7

		15

		8

		16

		



		RMa

		0.7

		1.50

		1.60

		1.61

		1.74

		1.75

		1.85

		1.87

		1.97

		1.99

		2.0

		2.08

		2.23

		2.31

		2.32

		2.34

		2.38

		2.58

		1.99



		

		

		6

		5

		4

		3

		18

		2

		1

		17

		10

		12

		13

		11

		7

		9

		16

		15

		8

		





TABLE 8.9.4.5


FDD/UL scenario correspondence


		Scenario 

		Definition



		1

		LTE  Rel-8, 1x4, Config. a), 6PRB feedback overhead



		2

		LTE  Rel-8, 1x4, Config. c), 6PRB feedback overhead



		3

		LTE  Rel-8, 1x4, Config. e), 6PRB feedback overhead



		4

		LTE  Rel-8, 1x4, Config. a), 12PRB feedback overhead



		5

		LTE  Rel-8, 1x4, Config. c), 12PRB feedback overhead



		6

		LTE  Rel-8, 1x4, Config. e), 12PRB feedback overhead



		7

		LTE-A, 1x4, CoMP, 6PRB feedback overhead



		8

		LTE-A, 2x4, CoMP, 6PRB feedback overhead



		9

		LTE-A, 2x4, SU- MIMO, 6PRB feedback overhead



		10

		LTE-A, 1x4, CoMP, 12PRB feedback overhead



		11

		LTE-A, 2x4, CoMP, 12PRB feedback overhead



		12

		LTE-A ,2x4, SU- MIMO, 12PRB feedback overhead



		13

		1x4 SIMO



		14

		1x4 MU-MIMO



		15

		2x4 SU-MIMO



		16

		2x4 BeamForming



		17

		1x4 Config. a)



		18

		1x4 Config. c)





The TDD/DL simulation results for cell spectral efficiency are listed in table 8.9.4.6, while the corresponding antenna configurations are listed in Table 8.9.4.7:

TABLE 8.9.4.6 


Cell spectral efficiency results for TDD/DL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results


(sorted values from min to max / corresponding scenario,


cf. TABLE 8.9.4.7)

		Median



		InH

		3

		3.860    

		3.8700    

		3.9300    

		4.2200    

		4.5000

		3.93



		

		

		1     

		2     

		7     

		8     

		9

		



		UMi

		2.6

		1.91    

		2.08    

		2.12    

		2.18

		2.76

		2.95    

		3.25


     

		3.92

		4.01

		2.76



		

		

		1     

		2     

		3     

		4     

		10    

		11    

		12     

		5

		6

		



		UMa

		2.2

		1.48    

		1.53    

		1.75    

		1.98    

		2.27    

		2.44    

		2.68

		3.07   

		3.56

		2.27



		

		

		1     

		3     

		2     

		4    

		10    

		11    

		12     

		5     

		6

		



		RMa

		1.1

		1.78    

		1.84    

		1.92  

		2.02   

		2.06    

		2.2    

		2.2  

		3.45    

		3.69    

		4.06

		2.13



		

		

		3     

		1    

		7     

		2    

		8    

		9    

		4     

		10     

		11     

		12

		





TABLE 8.9.4.7


TDD/DL scenario correspondence

		Scenario

		Definition



		1

		LTE  Rel-8 4x2 Config. a)



		2

		LTE  Rel-8 4x2 Config. c)



		3

		LTE  Rel-8 4x2 Config. e)



		4

		LTE  Rel-8 8x2 Config. e)



		5

		CoMP with 4 antennas at BS Config. c)



		6

		MU-MIMO with 8 antennas at BS Config. e)



		7

		4x2 SU-MIMO L = 1 



		8

		4x2 SU-MIMO L = 2



		9

		4x2 SU-MIMO L = 3



		10

		4x2 MU-MIMO L = 1 



		11

		4x2 MU-MIMO L = 2



		12

		4x2 MU-MIMO L = 3





The TDD/UL simulation results for cell spectral efficiency are listed in Table 8.9.4.8, while the corresponding antenna configurations are illustrated in Table 8.9.4.9:

TABLE 8.9.4.8 


Cell spectral efficiency results for TDD/UL RIT

		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results


(sorted values from min to max / corresponding scenario, cf. TABLE 8.9.4.9)

		Median






		InH

		2.25

		3.24




		3.39

		3.4




		3.41




		3.78

		3.84

		5.15

		5.67

		3.595



		

		

		7

		2

		1

		4

		6

		5

		9

		8

		



		UMi

		1.80

		1.78

		1.82

		1.9

		2.03

		2.12

		2.15

		2.2




		2.35

		2.35

		2.12






		

		

		2

		1

		3

		7

		6

		4

		10

		5

		9

		



		UMa

		1.4

		1.42

		1.44

		1.51

		1.66

		1.73

		1.79

		1.81




		1.89

		2.06

		1.7






		

		

		2

		3

		1

		7

		6

		10

		9

		4

		5

		



		RMa

		0.7

		1.7

		1.8

		1.9

		1.93

		2.17

		2.19

		2.23

		2.25

		2.52

		2.17


   



		

		

		3

		2

		1

		7

		10

		9

		4

		6

		5

		





TABLE 8.9.4.9


TDD/UL scenario correspondence


		Scenario 

		Definition



		1

		LTE  Rel-8, 1x4, Config. a), 8PRB feedback overhead



		2

		LTE  Rel-8, 1x4, Config. c), 8PRB feedback overhead



		3

		LTE  Rel-8, 1x4, Config. e), 8PRB feedback overhead



		4

		LTE-A, 1x4, CoMP, 8PRB feedback overhead



		5

		LTE-A, 2x4, CoMP, 8PRB feedback overhead



		6

		LTE-A ,2x4, SU- MIMO, 8PRB feedback overhead



		 7

		1x4 SIMO



		8 

		1x4 MU-MIMO



		9

		2x4 SU-MIMO



		10

		2x4 BeamForming



		11

		1x4 Config. a)



		12

		1x4 Config. c)





8.9.5
Cell-edge spectral efficiency


The (normalized) user throughput is defined as the average user throughput (the number of correctly received bits by users, i.e., the number of bits contained in the SDU delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio. The cell edge user spectral efficiency is defined as the 5% point of the cumulative distribution function (CDF) of the normalized user throughput. Table 8.9.5.1 lists the cell edge user spectral efficiency requirements for various test environments.

TABLE 8.9.5.1


Required cell edge user spectral efficiency UL & DL thresholds

		Test environment

		Downlink (bit/s/Hz)

		Uplink (bit/s/Hz)



		InH

		0.1

		0.07



		UMi

		0.075

		0.05



		UMa

		0.06

		0.03



		RMa

		0.04

		0.015





The FDD/DL simulation results for cell edge spectral efficiency are listed in Table 8.9.5.2:

TABLE 8.9.5.2


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max / corresponding scenario, cf. TABLE 8.9.4.3)

		Median



		InH

		0.1

		0.18

		0.194

		0.196

		0.199

		0.21

		0.21

		0.21

		0.2230

		0.2045



		

		

		6

		2

		1

		7

		8

		12

		1

		2

		



		UMi

		0.075

		0.0012

		0.006

		0.0169

		0.058

		0.065

		0.067

		0.093

		0.094

		0.10

		0.104

		0.114

		0.12

		0.14

		0.093



		

		

		13

		15

		14

		1

		3

		2

		16

		9

		12

		10

		11

		4

		5

		



		UMa

		0.06

		0.0014

		0.003

		0.0136

		0.054

		0.058

		0.062

		0.069

		0.069

		0.07

		0.076

		0.083

		0.091

		0.1

		0.069



		

		

		13

		15

		14

		1

		12

		3

		2

		16

		4

		9

		10

		11

		5

		



		RMa

		0.04

		0.0570

		0.0620

		0.0680

		0.0700

		0.076

		0.083

		0.087



		0.088

		0.1120

		0.1230

		0.1350

		0.083



		

		

		1

		2

		1

		3

		6

		7

		2

		8

		9

		10

		11

		





Cell edge spectral efficiency results for FDD/DL RIT


The FDD/UL simulation results for cell edge spectral efficiency are listed in Table 8.9.5.3:

TABLE 8.9.5.3

Cell edge spectral efficiency results for FDD/UL RIT

		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results


(sorted values from min to max / corresponding scenario,


cf. TABLE 8.9.4.5)

		Median



		InH

		0.07

		0.23

		0.23

		0.234

		0.238

		0.24

		0.242

		0.244

		0.25

		0.26

		0.262

		0.25



		

		

		4

		5

		10

		12

		11

		2

		1

		17

		18

		13

		



		

		

		0.271

		0.276

		0.278

		0.288

		0.442

		



		

		

		7

		9

		8

		15

		14

		



		UMi

		0.05

		0.053




		0.07

		0.07

		0.073

		0.074

		0.076

		0.078




		0.081

		0.087

		0.088

		0.087



		

		

		18




		4

		5

		12

		17

		2

		18

		10

		9

		11

		



		

		

		0.09




		0.093

		0.102

		0.105




		0.109

		0.124

		0.127

		



		

		

		6

		18

		8

		3

		13

		17

		15

		



		UMa

		0.03

		0.06




		0.07

		0.07

		0.07

		0.075

		0.077

		0.078

		0.079



		0.081

		0.083

		0.081



		

		

		18




		4

		5

		6

		12

		2

		1

		17

		3

		10

		



		

		

		0.085

		0.087

		0.089

		0.091



		0 .092

		0.096

		0.102

		



		

		

		13

		9

		11

		15



		16

		7

		8

		



		RMa

		0.015

		0.077




		0.09

		0.09

		0.09

		0.092

		0.1

		0.1

		0.1

		0.104

		0.111

		0.104



		

		

		18




		4

		5

		6

		17

		2

		3

		13

		1

		10

		



		

		

		0.112

		0.117

		0.118

		0.129

		0.129

		0.133

		0.154

		



		

		

		12

		15

		16

		7

		9

		11

		8

		





The TDD/DL simulation results for cell edge spectral efficiency are listed in Table 8.9.5.4:

TABLE 8.9.5.4

Cell edge spectral efficiency summary for TDD/DL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max / corresponding scenario,


cf. TABLE 8.9.4.3)

		Median



		InH

		0.1

		0.168    

		0.181    

		0.19   

		0.19   

		0.193

		0.19



		

		

		7     

		8     

		1   

		2     

		9

		



		UMi

		0.075

		0.062   

		0.071   

		0.071    

		0.088   

		0.09    

		0.092    

		0.095   

		0.104    

		0.11

		0.09



		

		

		1     

		2     

		3    

		10     




		5     

		4    

		11    

		12     

		6

		



		UMa

		0.06

		0.052    

		0.063    

		0.066    

		0.069    

		0.074    

		0.08    

		0.08




		0.082    

		0.11

		0.074



		

		

		1     

		3     

		2    

		10    

		11     

		4    

		5    

		12     

		6

		



		RMa

		0.04

		0.07        

		0.07    

		0.072    

		0.077    

		0.08    

		0.082    

		0.109




		0.11    

		0.117    

		0.129

		0.081



		

		

		1   

		3    

		10    

		11     

		2    

		12     

		4       

		7        

		8

		9

		





The TDD/UL simulation results for cell edge spectral efficiency are listed in Table 8.9.5.5:

TABLE 8.9.5.5

Cell edge spectral efficiency summary for TDD/UL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results


(sorted values from min to max / corresponding scenario, cf. TABLE 8.9.4.9)

		Median



		InH

		0.07

		0.24    

		0.243    

		0.246    

		0.247    

		0.254    

		0.256    

		0.267    

		0.413

		0.252



		

		

		5     




		6    

		7     

		1     

		4     

		2    

		8   

		9

		



		UMi

		0.05

		0.07    

		0.073    

		0.08    

		0.083    

		0.089   

		0.097    

		0.099



		0.111    

		0.114

		0.089



		

		

		2     




		1     

		6    

		4   

		3     

		5     

		7    

		10   

		8

		



		UMa

		0.03

		0.074        

		0.075    

		0.075   

		0.079    

		0.083    

		0.084



		0.085   

		0.093

		0.1

		0.083



		

		

		2     

		1     

		3     

		7    

		6  

		15     

		16   

		4

		5

		



		RMa

		0.015

		0.092    

		0.094       

		0.095

		0.103    

		0.106    

		0.108    

		0.125

		0.127    

		0.153

		0.106



		

		

		7     

		3     

		2     

		1    

		9    

		10     

		4     

		6     

		5

		





8.9.6
Mobility


The following classes of mobility are defined:


· Stationary: 0 km/h


· Pedestrian: > 0 km/h to 10 km/h


· Vehicular: 10 to 120 km/h


· High speed vehicular: 120 to 350 km/h

The requirements of mobility class support as a function of the different environments are illustrated in Table 8.9.6.1:


TABLE 8.9.6.1 


Mobility classes


		

		Test environments



		

		InH

		UMi

		UMa

		RMa



		Mobility classes supported

		Stationary, pedestrian

		Stationary, pedestrian,


Vehicular
(up to 30 km/h)

		Stationary, pedestrian, vehicular

		High speed vehicular, vehicular





The spectral efficiency requirements as a function of the environments are shown in Table 8.9.6.2. 

TABLE 8.9.6.2 


Mobility spectral efficiency thresholds and test values


		Scenario

		Requirement
bps / Hz

		Speed
km/h

		Frequency
GHz

		Doppler
Hz



		InH

		1.00

		10

		3.4

		31.5



		UMi

		0.75

		30

		2.5

		69.4



		UMa

		0.55

		120

		2.0

		222



		RMa

		0.25

		350

		0.8

		259





The mobility evaluations followed the ITU guidelines in Report ITU-R M.2135-1. The results are shown in Table 8.9.6.3 for the FDD RIT and in Table 8.9.6.4 for the TDD RIT.

TABLE 8.9.6.3


Mobility results for FDD RIT


		Env. 

		Median SNR [dB]

		Normalized link data rate (bps/Hz)

		Median



		InH

		15

		13.7

		-

		>2

		2.71

		-

		>2



		UMi

		3.5

		4.8

		6.2

		1.2

		1.38

		1.44

		1.38



		UMa

		4

		4.0

		-

		1.3

		1.13

		-

		1.215



		RMa

		5

		5.2

		-

		1.4

		1.15

		-

		1.275





TABLE 8.9.6.4


Mobility results for TDD RIT


		Env. 

		Median SNR [dB]

		Normalized link data rate (bps/Hz)

		Median



		InH

		15

		13.7

		>2**

		2.62

		>2



		UMi

		3.5

		4.8

		1.2

		1.33

		1.265



		UMa

		4

		4.0

		1.3

		1.09

		1.195



		RMa

		5

		5.2

		1.4

		1.11

		1.255





The mobility class support for both the FDD and TDD RITs is jointly shown in Table 8.9.6.5. 


TABLE 8.9.6.5

Mobility class support for FDD RIT and TDD RIT


		

		Test Environment



		

		Indoor

		Microcellular

		Base coverage urban 

		High speed 



		Required mobility classes

		Stationary, pedestrian

		Stationary, pedestrian,


Vehicular
(up to 30 km/h)

		Stationary, pedestrian, vehicular

		High speed vehicular, vehicular



		Required mobility classes supported in FDD RIT

		YES

		YES

		YES

		YES



		Required mobility classes supported in TDD RIT

		YES

		YES

		YES

		YES





8.9.7
VoIP Capacity


The VoIP capacity was to be evaluated and compared against the requirements in Report ITU-R M.2134. 


VoIP capacity was to be evaluated for the uplink and downlink directions assuming a 12.2 kbit/s codec with a 50% activity factor such that the percentage of users in outage is less than 2%, where a user is defined to have experienced a voice outage if less than 98% of the VoIP packets have been delivered successfully to the user within a permissible VoIP packet delay bound of 50 ms. The VoIP packet delay is the overall latency from the source coding at the transmitter to successful source decoding at the receiver.

The final VoIP capacity which was to be compared against the requirements in Report ITU‑R M.2134 was the minimum of the calculated capacity for either link direction divided by the effective bandwidth in the respective link direction. 


The simulations results for VoIP are presented in table 8.9.7.1 for the FDD RIT and in table 8.9.7.2 for the TDD RIT. 


TABLE 8.9.7.1


VoIP capacity for FDD RIT

		Env.

		ITU Req.


Min VoIP capacity 
(Active users/sector/MHz)

		Simulated


VoIP capacity
(Active users/sector/MHz)

		Median



		InH

		50

		150

		110

		130



		UMi

		40

		80

		71

		76



		UMa

		40

		70

		70

		70



		RMa

		30

		95

		90

		93





TABLE 8.9.7.2


VoIP capacity for TDD RIT

		Env.

		ITU Req.


Min VoIP capacity 
(Active users/sector/MHz)

		Simulated


VoIP capacity
(Active users/sector/MHz)

		Median



		InH

		50

		142

		118

		130



		UMi

		40

		73

		70

		72



		UMa

		40

		69

		67

		68



		RMa

		30

		82

		80

		81





8.10
Link budgets


This analysis provides formulas for coverage area calculation, shadowing fading margin and compares calculated values with those provided by ITU-R in RP-090746 and IMT-ADV/8. Channel models used in this analysis are listed in Report ITU-R M.2135-1. 


8.10.1
Link Budget Summary for the 3GPP Proposal


The CEG analyzed the link budget proposal in the document IMT-ADV/8, and focused on verification of the link budget template documents provided by the 3GPP technology candidate in RP-090746. The template spreadsheets are well prepared, give good answers to the various questions, and the calculation method is well suited for a fair evaluation. 


In instances where details were not explicitly provided, it was straightforward to verify them. For example, the data rate for the indoor scenario and for 18 MHz of the occupied bandwidth was easily determined to belong to the case where the transport block size = 4584, and taking into account a packet error rate of 10%, the data rate is verified to be 4584/(1ms)*0.9=4125600. Similar verification has been performed for other data rates. 


Shadowing margins, coverage areas, receiver sensitivity points were all verified and in most cases when the CEG’s calculation gave a slightly different result, it was determined that the ITU-R had utilized more conservative values. A good example can be found in various LOS calculations, where it was determined that pathloss is so small as to provide a much higher margin than that mentioned by ITU-R. Also, the CEG is of the opinion that noise figure of 5 dB is very conservative, given the current state of technology, but even with such high values, the link budget provides good coverage. 


The CEG found that the selected value of 90% for the cell area reliability for the data channel seems small as typical operator values are 95%. However, it is likely that the effective cell area reliability is higher due to retransmissions.


The CEG noted that the 3GPP technology candidate used a 2 dB feeder loss for the indoor hotspot TDD and FDD environments, whereas Report M.2133 had set this value to 0 dB. This difference has a negligible impact, as rows 8 and 12 in the link budget tables include feeder loss and other losses to be used in calculations. 


The only parameter that the CEG did not verify is the required SNR for data and control channels under different deployment scenarios. Therefore, the provided SNR values were adopted. 


See Annex 1 for the percentage of coverage area calculation and the supporting spreadsheets.


9
IEEE Candidate Technology – RITs


The technology submitted in IMT-ADV/4 consists of two Radio Interface Technologies – one an FDD RIT and the other a TDD RIT. The proponent claims that, individually, each RIT satisfies the requirements of IMT-Advanced. 


 The compliance templates completed by the CEG for the IEEE candidate technology are contained in the following two files embedded electronically:




[image: image16.emf]IEEE_candidate_FDD _Final_Report_28May10.doc


           

[image: image17.emf]IEEE_candidate_TDD _Final_Report_28May10.doc




9.1
Peak Spectral Efficiency


9.1.1
Summary


The CEG undertook two studies for the IEEE submission which approximately confirm the self-analysis indicating that the ITU-R Peak Spectral Efficiency requirement has been met.


These two studies were completed prior to the clarification from WP-5D (5D/679 attachment 5.9) that only Layer 1 factors should be included.  The CEG briefly re-assessed the analyses to ascertain which of the elements (if any) should be eliminated.  The belief still is that the elements which were included are related to Layer 1. The CEG decided not to modify its calculations at this time, as it is challenging to determine whether a component is uniquely Layer 1 or Layer 2.  Any “errors” from this are expected to be minor – the consequence is that the results may be slightly conservative (lower) than could possibly be evaluated from a very detailed analysis.

The results are shown in Tables 9.1.1.1 and 9.1.1.2 and in Figure 9.1.1.1:


TABLE 9.1.1.1


Uplink Peak Spectral Efficiency for IEEE Candidate Technology


		Uplink Peak Spectral Efficiency (bit/s/Hz)



		

		IEEE CT



		

		FDD UL

		TDD UL



		Min. ITU-R Requirement

		6.75



		2-layer spatial multiplexing

		9.31

		8.87





TABLE 9.1.1.2


Downlink Peak Spectral Efficiency for IEEE Candidate Technology


		Downlink Peak Spectral Efficiency (bit/s/Hz)



		

		IEEE CT



		

		FDD DL

		TDD DL



		Min. ITU-R Requirement

		15



		4-layer spatial multiplexing

		17.21

		15.52





FIGURE 9.1.1.1

Graphical Representation of Peak Spectral Efficiency
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Figure 9.1.1.1 presents the results of the peak spectral efficiency calculations for both downlink and uplink as well as for both FDD and TDD components. 

Table 9.1.1.3 presents the detailed numbers for DL and UL peak spectral efficiencies for both the FDD and TDD components.


TABLE 9.1.1.3


Details of the downlink and uplink evaluations for IEEE CT (FDD and TDD)


		Peak Spectral Efficiency (TDD and FDD) for IEEE RIT*



		Parameter

		TDD Mode

		FDD Mode



		Channel Bandwidth, BW

		20 MHz

		20 MHz



		Coding Rate, FECrate

		1 (raw)



		Repetition rate

		1



		Cyclic Prefix Ratio (DL & UL)

		1/16



		Spatial Multiplexing, Ns

		2 streams (UL), 4 streams (DL)



		Subcarriers per frame, Nsc 

		1728 (used as preamble for DL PHY Synchronization)



		Frame Length, Tf

		5 ms



		Subframe types 


(without overhead symbols)

		3 type-1 (6 OFDMA symbols),


1 type-2 (7 OFDMA symbols)

		5 type-1 (6 OFDMA symbols),


3 type-2 (7 OFDMA symbols)



		DL:UL Ratio

		1:1

		NA



		Transmit time ratio per frame

		TTX  = 0.5 for both UL and DL

		TTX  = 1 for both UL and DL



		Number of Resource Units (RUs) 

		NRU = 96  for both UL and DL

		NRU = 96  for both UL and DL



		Number of pilots per RU

		16 for DL, 4 streams, subframe type-1 and subframe type-2

12 for UL, 2 streams, subframe type-1


14 for UL, 2 streams, subframe type-2



		Number of data subcarriers per RU

		NData-T1= (18x6 – 16) = 92  for DL, 4 streams, type-1 


NData-T2= (18x7 – 16) = 110 for DL, 4 streams, type-2 


NData-T1= (18x6 – 12) = 96  for UL, 2 streams, type-1 


NData-T2= (18x7 – 14) = 112 for UL, 2 streams, type-2



		DL Overhead symbols

		1 OFDMA symbol per frame for Advanced-Preamble


1 OFDMA symbol per frame for MIMO-Advanced-Midamble



		Number of symbols per subframe (with overhead)

		DL: (1+5),7,(1+5),6


UL: 6,6,6,7

		DL: (1+5),7,6,6,7,6,(1+5),7


UL: 6,7,6,6,7,6,6,7



		Number of subframe types 


(with overhead)

		DL : NSF-T1 = 3, type-1 subframe

DL : NSF-T2 = 1, type-2  subframe

UL : NSF-T1 = 3, type-1 subframes


UL : NSF-T2 = 1, type-2 subframe

		DL : NSF-T1 = 5, type-1 subframes


DL : NSF-T2 = 3, type-2 subframes


UL : NSF-T1 = 5, type-1 subframes


UL : NSF-T2 = 3, type-2 subframes



		Total data per frame

		NT = NRU (NSF-T1NData-T1+ NSF- T2 NData-T2)



		

		NT = 37056 for DL


= 96x(3x92+1x110) 


NT = 38400 for UL 


= 96x(3x96+1x112) 

		NT = 75840 for DL


= 96x(5x92+3x110)


NT = 78336 for UL 


= 96x(5x96+3x112)



		Idle Time Ratio per frame, It

		45.71 μs / Tf



		Switching Gap Ratio per frame, St

		(TxtoRx 82.853 μs + RxtoTx 60 μs) / Tf

		0



		Number of bits per symbol 

		Nb = 6 bits/symbol for 64 QAM



		Peak Throughput 

		PEAKTHRO = (NT Nb FECrate NS ) (1 - It - St) /(TTX Tf )  for UL


PEAKTHRO = ((NT – 2Nsc) Nb FECrate NS ) (1 - It - St) / (TTX Tf )  for DL



		DL Peak Throughput

		310.4 Mbits/s

		344.27 Mbits/s



		UL Peak Throughput

		177.37 Mbits/s

		186.29 Mbits/s



		Peak Spectral Efficiency

		PEAKTHRO /BW



		DL Peak spectral efficiency

		15.52 bits/s/Hz

		17.21 bits/s/Hz



		UL Peak spectral efficiency

		8.87 bits/s/Hz

		9.31 bits/s/Hz



		* Parameters are as per Attachment 1 to Document ITU-R IMT-ADV/4-E, October 2009. 





9.1.5
Concluding remarks


It can be concluded that the IEEE claims for DL and UL peak spectral efficiencies for both TDD RIT and FDD RIT are verified.

9.2
Control Plane Latency


The following is an analysis of the control-plane latency as described in the IEEE submission IMT-ADV/4.


NOTE – In the following, italicized text is extracted verbatim from the IEEE submission.


In Section 7.2.5 of the document IMT-ADV/4, it is shown that: 


“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.”


Control-plane latency is described in the proponent’s submission Section 7.2.5.2 of IMT-ADV/4, it is shown that: 


“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





Therefore, IEEE confirms that the proposed RIT meets the requirements for IMT-Advanced control-plane latency.” 

The CEG’s analysis and inspection of IMT-ADV/4 confirms the control-plane latencies reported by the proponent. Also, the CEG believes that the probability of retransmission or the probability of airlink transmission error (prior to HARQ) of 30% considered by the proponent is very conservative. 

9.3
User Plane Latency


The following is an analysis of the user-plane latency as described in the IEEE submission IMT-ADV/4. 

Note: In the following, italicized text is extracted verbatim from the IEEE submission.


The same network reference model and intra-ASN handover mechanism assumption as mentioned in section 9.2 of this Report are also used for the user-plane latency analysis.

User-plane latency is described in the proponent’s submission Section 7.2.5.1 of IMT-ADV/4, it is shown that:

“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.


Figure 7-2

Example synchronous HARQ in FDD duplex mode
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The following reference model is used to estimate the user-plane latency.


Figure 7-3

User-plane latency calculation model



[image: image21]

The following table summarizes the result of the analysis:


Table 7- 17

User-plane latencies for 10% and 30% Probability of HARQ Retransmissions


		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





Therefore, IEEE confirms that the proposed RIT meets the requirements for IMT-Advanced user-plane latency.” 

The CEG’s analysis and inspection of IMT-ADV/4 confirms the user-plane latencies reported by the proponent. Also, the CEG believes that the probability of retransmission or the probability of airlink transmission error (prior to HARQ) of 30% considered by the proponent is very conservative. 

9.4
Handover


9.4.1
Summary


The CEG analysis and inspection of IMT-ADV/4 confirms the handover interruption times reported by the proponent. 

9.4.2
Details


Intra-RIT handover interruption times (including intra-frequency and inter-frequency) are described in the proponent’s submission – sections 7.2.5.3, 7.2.5.4 and 7.2.5.5 of IMT-ADV/4.  


The CEG analysis and inspection of IMT-ADV/4 confirms the handover interruption times reported by the proponent. In addition, inspection of section 7.2.5.4 of IMT-ADV/4 on “Network Re-entry” and the associated reference to IEEE P802.16Rev2/D9 (Reference 1 on Pg. 11 of IMT-ADV/4) reveals that the standard 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. Therefore, the interruption times reported by the proponent are very conservative.

9.4.3
Inter-system handover


Relevant Proposal Statements: The information is provided by the proponent in rows 4.2.3.2.5.1 and 4.2.3.2.5.2 of the characteristics template (Document IMT-ADV/4).


Evaluation Methodology: As described in Report ITU-R M.2135-1, Section 7.4.3, “the support of inter-system handover … is verified by inspection of the proposal.”


Conclusion: Based on the information provided by the proponent, the candidate RIT meets the requirements regarding inter-system handover.


9.5
Bandwidth


Relevant Proposal Statements:  The information is provided by the proponent in row 4.2.3.2.8.2 of the characteristics template (Document IMT-ADV/4).


Evaluation Methodology:  As described in Report ITU-R M.2135-1, Section 7.4.1, “the support of maximum bandwidth … is verified by inspection of the proposal.”


Conclusion:  Based on the information provided by the proponent, the candidate RIT meets the requirements regarding maximum bandwidth.

9.6
Deployment possible in at least one of the identified IMT bands


Relevant Proposal Statements:  The information is provided by the proponents in Section 8.2 of Document IMT-ADV/4.

Evaluation Methodology:  As stated in Report ITU-R M.2135-1, Section 4.2, “The set of IMT bands supported is demonstrated by inspection of the proposal.”


Conclusion:  Based on the information provided by the proponent, the candidate RIT meets the requirements regarding deployment being possible in at least one of the identified IMT bands.

9.7
Channel bandwidth scalability


Relevant Proposal Statements:  The information is provided by the proponents in the compliance template (Section 8.3, row 4.2.4.3.3, Document IMT-ADV/4).


Evaluation Methodology:  As described in Report ITU-R M.2135-1, Section 7.4.1, “the scalability requirement is verified by demonstrating that the candidate RIT or SRIT can support at least three bandwidth values…”

Conclusion:  Based on the information provided by the proponent, the candidate RIT meets the requirements regarding channel bandwidth scalability.


9.8
Support for a wide range of services


Proponents’ self-evaluation: Section 8.1 of IMT-ADV/4.

Evaluation Methodology: As described in Report ITU-R M.2135-1, Table 6-1, the evaluation method for this characteristic is “inspection.”


		CEG analysis:


The ITU-R evaluation methodology and performance criteria for the requirement on support for a wide range of services are reproduced in Annex 3 for convenience.


Table 1 of Recommendation ITU-R M.1822 provides examples of each service class listed in the evaluation criteria and it is reproduced in Annex 4 for convenience.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1.1 of IMT-ADV/4, the Basic Conversational Service Class appears supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1.2 of IMT-ADV/4, the Rich Conversational Service Class appears supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1 (comment 3) of IMT-ADV/4, the Conversational Low Delay Service Class appears supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1 (comments 2 & 3) of IMT-ADV/4, the Interactive High Delay and Interactive Low Delay Service Classes appear supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1 (comment 1) of IMT-ADV/4, the Streaming Live and Streaming Non-Live Service Classes appear supported.


Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1 (comment 5) of IMT-ADV/4, the Background Service Class appears supported.





Conclusion:

Based on the CEG evaluation, the candidate RIT meets the requirements for supporting a wide range of services, for both the FDD and TDD modes of operation.

9.9
Evaluation by simulations

9.9.1
Summary of results


Based on the evaluation results obtained by simulations and the adopted methodology (section 9.9.2), the CEG concludes that the IEEE proposal meets the ITU requirements in all four evaluation criteria: spectral efficiency (section 9.9.4), cell edge spectral efficiency (section 9.9.5), mobility (section 9.9.6) and VoIP capacity (section 9.9.7).


9.9.2
Methodology


To evaluate the air interface proposed by the 3GPP and IEEE proponents, two levels were considered: the link-level and the system-level. The link-level analysis gives information on fundamental metrics performance. The whole system performance in a real setting with multiple base stations and a large number of active mobile users can only be evaluated through system-level analysis.


This method is based on link-level physic layer abstraction. This abstraction aims at predicting the instantaneous performance for a single link and determining the block error rate (BLER) for different SINR values. Link-level simulations are carried out for an additive white Gaussian noise (AWGN) channel over 1×1 antenna configuration. Then a link-to-system level mapping method is performed
.

To evaluate the system performance, system-level simulations are run over a realistic area that maps the users’ distribution, the cell layout, the environment variations, the user scheduling. Then, effective SINRs are generated from the system-level SINRs and mapped to the link-level BLER curves to get the resulting BLER. The effective SINR results from the compression of the SINR vector for different subcarriers.

To evaluate the downlink (uplink) throughput, only packets on the downlink (uplink) are considered in the calculations. The data throughput of a user is defined as the ratio of the number of the successfully received information bits per user divided by the amount of the total simulation time.


Three CEG members contributed to the evaluation of the IEEE proposal following the methodology summarized above. Annex 2 to this CEG report includes individual simulations conducted by these members identified by the commitment matrix (Part I) and used by the CEG to make its final decisions. These decisions are based on the median value
 of all results reported by the members for a given criterion and type of environment, all listed in the tables below in an ascending order, with corresponding entries identifying the configurations for which these results were obtained.


9.9.3
Assumptions


Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135-1.

TABLE 9.9.3.1


Simulation assumptions


		Parameter

		Values used for evaluation



		Deployment scenario

		• Indoor hotspot
• Urban micro-cell
• Urban macro-cell
• Rural macro-cell
Parameters and assumptions not shown here for each scenario are shown in ITU guidelines [ITU-R Report M.2135].



		Duplex method and bandwidths

		FDD:  10+10 MHz for data & 5+5 MHz for VoIP for all except InH


          20+20 MHz for data & 5+5 MHz for VoIP for InH


TDD:  20 MHz for data & 10 MHz for VoIP for all except InH


         40 MHz (2x20 MHz) for data & 10 MHz for VoIP for InH


TDD DL-UL Ratio:


5 DL subframes & 3 UL subframes for data for all environments


4 DL subframes & 4 UL subframes for VoIP for all environments



		Network synchronization

		Synchronized



		Handover margin

		1.0 dB



		Downlink transmission scheme 

		Data:

Scheme for all environments: OL-SU-MIMO using 2x2 configuration 

Scheme for InH and UMi: 6-bit Transformed Codebook based MU-MIMO using 4x2 configuration; adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO


Scheme for UMa and RMa: MU-MIMO with long term beamforming using 4x2 configuration (20 ms reporting period for the long-term covariance matrix); adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO


VoIP:


SU-MIMO with wideband beamforming using 4x2 configuration



		Downlink scheduler

		Proportional Fair for full buffer data and delay-weighted


Proportional Fair with persistent scheduling for VoIP



		Downlink link adaptation

		Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 11.13 of IEEE 802.16m-09/0034



		CSI assumption at eNB

		Based on feedback from Mobile Station



		Downlink HARQ scheme

		Incremental Redundancy


Asynchronous, adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes



		Downlink receiver type

		MMSE for both channel estimation and data detection




		Uplink transmission scheme

		  Data


Scheme for InH and UMi: 3-bit Codebook based MU- MIMO using 2x4 configuration; adaptive switching between single user and collaborative spatial multiplexing


Scheme for UMa and RMa: MU-MIMO with long term beamforming using 2x4 configuration; adaptive switching between single-user and collaborative spatial multiplexing


VoIP


SU-MIMO using 2x4 configuration with SFBC + non-adaptive precoding



		Uplink scheduler

		Proportional Fair for full buffer data and delay-weighted


Proportional Fair with persistent scheduling for VoIP



		Uplink Power control

		Open loop power control as described in 3.3.5.4 of IEEE 802.16m-09/0047; values for γ and SINRMIN should be chosen such that the average IoT meets the IMT-Advanced requirement



		Uplink link adaptation

		Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 11.13 of IEEE 802.16m-09/0034



		Uplink HARQ scheme

		Incremental Redundancy


Synchronous, non-adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes



		Uplink receiver type

		MMSE for both channel estimation and data detection



		Antenna configuration
base station

		DL: 4x2, BS: co-polarized, 4λ spacing


(illustration for 4 Tx: |    |    |    |)



		Antenna configuration  UE

		UL: 2x4, MS: Vertical polarized, 0.5λ spacing



		Channel estimation
(Uplink and downlink)

		 Channel estimation error modeling included for both uplink and downlink simulations (for both data and VoIP simulations)



		Control channel and reference signal overhead, Acknowledgements etc. 

		Control channel overhead modeling included for both uplink and downlink (for both data and VoIP simulations)



		Feedback and control channel errors

		Feedback and control channel error modeling included for both uplink and downlink (for both data and VoIP simulations)





9.9.4
Cell spectral efficiency


Cell spectral efficiency (() is defined, in M.2134, as the aggregate throughput of all users divided by the channel bandwidth divided by the number of cells. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio. The cell spectral efficiency is measured in bit/s/Hz/cell.

Table 9.9.4.1 summarizes the spectral efficiency thresholds required by the ITU. These values were evaluated assuming an antenna configuration of downlink 4 × 2, uplink 2 × 4.

TABLE 9.9.4.1


Required cell spectral efficiency thresholds


		Env.

		Downlink
(bit/s/Hz/cell)

		Uplink
(bit/s/Hz/cell)



		InH

		3

		2.25



		UMi

		2.6

		1.80



		UMa

		2.2

		1.4



		RMa

		1.1

		0.7





The FDD/DL simulation results for cell spectral efficiency are listed in Table 9.9.4.2:


TABLE 9.9.4.2


Cell spectral efficiency results for FDD/DL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results


(sorted values from min to max)

		Median



		InH

		3

		6.85

		6.85



		

		

		(4x2MU-MIMO)

		



		UMi

		2.6

		3.57

		3.87

		3.72



		

		

		(4x2 MU-MIMO)

		(2x2 SU-MIMO)

		



		UMa

		2.2

		2.63

		3.39

		2.99



		

		

		(4x2 MU-MIMO)

		(2x2 SU-MIMO)

		



		RMa

		1.1

		3.58




		3.58






		

		

		(4x2 MU-MIMO)

		





The FDD/UL simulation results for cell spectral efficiency are listed in Table 9.9.4.3:

TABLE 9.9.4.3 


Cell spectral efficiency results for FDD/UL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max)

		Median



		InH

		3

		5.40

		5.40





		

		

		(4x2 MU-MIMO)

		



		UMi

		2.6

		2.66

		2.66





		

		

		(4x2 MU-MIMO)

		



		UMa

		2.2

		2.46

		2.46





		

		

		(4x2 MU-MIMO)

		



		RMa

		1.1

		2.54

		2.54





		

		

		(4x2 MU-MIMO)

		





The TDD/DL simulation results for cell spectral efficiency are listed in Table 9.9.4.4:

TABLE 9.9.4.4 


Cell spectral efficiency results for TDD/DL RIT

		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max)

		Median



		InH

		3

		6.75




		6.75






		

		

		(4x2MU-MIMO)

		



		UMi

		2.6

		3.45

		3.45



		

		

		(4x2 MU-MIMO)

		



		UMa

		2.2

		2.62




		2.62






		

		

		(4x2 MU-MIMO)

		



		RMa

		1.1

		3.58

		3.58



		

		

		(4x2 MU-MIMO)

		





The TDD/UL simulation results for cell spectral efficiency are listed in Table 9.9.4.5:

TABLE 9.9.4.5 


Cell spectral efficiency results for TDD/UL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max)

		Median



		InH

		3

		5.20



		5.20






		

		

		(4x2MU-MIMO)

		



		UMi

		2.6

		2.60

		2.60



		

		

		(4x2 MU-MIMO)

		



		UMa

		2.2

		2.38



		2.38






		

		

		(4x2 MU-MIMO)

		



		RMa

		1.1

		2.45

		2.45



		

		

		(4x2 MU-MIMO)

		





9.9.5
Cell-edge spectral efficiency

The (normalized) user throughput is defined as the average user throughput (the number of correctly received bits by users, i.e., the number of bits contained in the SDU delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio. The cell edge user spectral efficiency is defined as 5% point of the cumulative distribution function (CDF) of the normalized user throughput. Table 9.9.5.1 lists the cell edge user spectral efficiency requirements for various test environments.

TABLE 9.9.5.1


Required cell edge user spectral efficiency UL & DL thresholds


		Env.

		Downlink (bit/s/Hz)

		Uplink (bit/s/Hz)



		InH

		0.1

		0.07



		UMi

		0.075

		0.05



		UMa

		0.06

		0.03



		RMa

		0.04

		0.015





The FDD/DL simulation results for cell edge spectral efficiency are listed in Table 9.9.5.2:


TABLE 9.9.5.2


Cell edge spectral efficiency results for FDD/DL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max)

		Median



		InH

		0.1




		0.239




		0.239



		

		

		(4x2MU-MIMO)

		



		UMi

		0.075

		0.090

		0.2

		0.1450



		

		

		(4x2 MU-MIMO)

		

		



		UMa

		0.06

		0.069

		0.08

		0.0745



		

		

		(4x2 MU-MIMO)

		(2x2 SU-MIMO)

		



		RMa

		0.04

		0.095

		0.095



		

		

		(4x2 MU-MIMO)

		





The FDD/UL simulation results for cell edge spectral efficiency are listed in Table 9.9.5.3:


TABLE 9.9.5.3


Cell edge spectral efficiency results for FDD/UL RIT

		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max)

		Median



		InH

		0.1

		0.377

		0.377






		

		

		(4x2MU-MIMO)

		



		UMi

		0.075

		0.141

		0.141



		

		

		(4x2 MU-MIMO)

		



		UMa

		0.06

		0.117

		0.117



		

		

		(4x2 MU-MIMO)

		



		RMa

		0.04

		0.130

		0.130



		

		

		(4x2 MU-MIMO)

		





The TDD/DL simulation results for cell edge spectral efficiency are listed in Table 9.9.5.4:


TABLE 9.9.5.4


Cell edge spectral efficiency summary for TDD/DL RIT


		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max)

		Median



		InH

		0.1




		0.235

		0.235






		

		

		(4x2MU-MIMO)

		



		UMi

		0.075

		0.087

		0.087



		

		

		(4x2 MU-MIMO)

		



		UMa

		0.06

		0.071

		0.071



		

		

		(4x2 MU-MIMO)

		



		RMa

		0.04

		0.095

		0.095



		

		

		(4x2 MU-MIMO)

		





The TDD/UL simulation results for cell edge spectral efficiency are listed in Table 9.9.5.5:

TABLE 9.9.5.5


Cell edge spectral efficiency summary for TDD/UL RIT

		Env.

		ITU-R Req


(bit/s/ Hz/cell)

		Results

(sorted values from min to max)

		Median



		InH

		0.1




		0.361

		0.361






		

		

		(4x2MU-MIMO)

		



		UMi

		0.075

		0.137

		0.137



		

		

		(4x2 MU-MIMO)

		



		UMa

		0.06

		0.113

		0.113



		

		

		(4x2 MU-MIMO)

		



		RMa

		0.04

		0.125

		0.125



		

		

		(4x2 MU-MIMO)

		





9.9.6
Mobility


The following classes of mobility are defined:


· Stationary: 0 km/h


· Pedestrian: > 0 km/h to 10 km/h


· Vehicular: 10 to 120 km/h


· High speed vehicular: 120 to 350 km/h

Table 9.9.6.1 illustrates the mobility classes that are required to supported, while Table 9.9.6.2 shows the minimum required spectral efficiencies in different environments. 


TABLE 9.9.6.1


Mobility classes


		Mobility classes supported

		Test environments



		

		InH

		UMi

		UMa

		RMa



		

		Stationary, pedestrian

		Stationary, pedestrian,


vehicular
(up to 30 km/h)

		Stationary, pedestrian, vehicular

		High speed vehicular, vehicular





TABLE 9.9.6.2


Mobility spectral efficiency thresholds and test values


		Scenario

		Requirement
bps / Hz

		Speed
km/h

		Frequency
GHz

		Doppler
Hz



		InH

		1.00

		10

		3.4

		31.5



		UMi

		0.75

		30

		2.5

		69.4



		UMa

		0.55

		120

		2.0

		222



		RMa

		0.25

		350

		0.8

		259





The mobility evaluations follow the ITU guidelines in Report ITU-R M.2135-1. The results are shown in table 9.9.6.3 for the FDD RIT and in table 9.9.6.4 for the TDD RIT. Table 9.9.6.5 illustrates the mobility classes supported by both the FDD and TDD RITs. 


TABLE 9.9.6.3


Mobility results for FDD RIT

		Env. 

		ITU-R Requirement

(b/s/Hz)

		Normalized link data rate (bps/Hz)

		Median



		InH

		1.0

		3.6


		-

		3.6



		UMi

		0.75

		1.5251

		2.02

		1.7725



		UMa

		0.55

		1.481

		-

		1.48



		RMa

		0.25

		1.44

		-

		1.44





TABLE 9.9.6.4


Mobility results for TDD RIT

		Env. 

		ITU-R Requirement

(b/s/Hz)

		Normalized link data rate (bps/Hz)

		Median



		InH

		1.0

		3.46

		3.46



		UMi

		0.75

		1.485

		1.485



		UMa

		0.55

		1.42

		1.42



		RMa

		0.25

		1.385

		1.385





TABLE 9.9.6.5


Mobility class support for FDD RIT and TDD RIT


		

		Test Environment



		

		Indoor

		Microcellular

		Base coverage urban 

		High speed 



		Required mobility classes

		Stationary, pedestrian

		Stationary, pedestrian,


Vehicular
(up to 30 km/h)

		Stationary, pedestrian, vehicular

		High speed vehicular, vehicular



		Required mobility classes supported in FDD RIT

		YES

		YES

		YES

		YES



		Required mobility classes supported in TDD RIT

		YES

		YES

		YES

		YES





9.9.7
VoIP capacity


The VoIP capacity was to be evaluated and compared against the requirements in Report ITU-R M.2134. 


VoIP capacity was to be evaluated for the uplink and downlink directions assuming a 12.2 kbit/s codec with a 50% activity factor such that the percentage of users in outage is less than 2%, where a user is defined to have experienced a voice outage if less than 98% of the VoIP packets have been delivered successfully to the user within a permissible VoIP packet delay bound of 50 ms. The VoIP packet delay is the overall latency from the source coding at the transmitter to successful source decoding at the receiver.

The final VoIP capacity which is to be compared against the requirements in Report ITU‑R M.2134 is the minimum of the calculated capacity for either link direction divided by the effective bandwidth in the respective link direction.


The simulations results for VoIP are presented in Table 9.9.7.1 for the FDD RIT and in Table 9.9.7.2 for the TDD RIT.


TABLE 9.9.7.1

VoIP capacity for FDD RIT


		Env.

		ITU Req.


Min VoIP capacity 
(Active users/sector/MHz)

		Simulated


VoIP capacity
(Active users/sector/MHz)

		Median



		InH

		50

		144

		144



		UMi

		40

		80

		80



		UMa

		40

		74

		74



		RMa

		30

		96

		96





TABLE 9.9.7.2

VoIP capacity for TDD RIT


		Env.

		ITU Req.


Min VoIP capacity 
(Active users/sector/MHz)

		Simulated


VoIP capacity
(Active users/sector/MHz)

		Median



		InH

		50

		146

		146



		UMi

		40

		84

		84



		UMa

		40

		78

		78



		RMa

		30

		99

		99





9.10
Link budget templates


This analysis provides formulas for coverage area calculation, shadowing fading margin and compares calculated values with those provided by ITU-R in IMT-ADV/4. Channel models used in this analysis are listed in Report ITU-R M.2135-1. 


9.10.1
Link Budget Summary for the IEEE Proposal


The CEG also analyzed the link budget proposal in document IMT-ADV/4, and focused on verification of the NLOS TDD (D/L = 5:3) and FDD link budget scenarios provided by the proponent under the conditions given in Section 6.2 (of IMT-ADV/4). The template spreadsheets are well prepared, answer the various ITU-R questions and the calculation method is well suited for a fair evaluation. 


The CEG noted the following: 


–
The proponent submission used a 2 dB feeder loss for the indoor hotspot TDD and FDD environments, whereas Report M.2133 had set this value to 0 dB. This difference has a negligible impact, as rows 8 and 12 in the link budget tables include feeder loss and other losses to be used in calculations. 


–
The proponent provided NLOS TDD and FDD link budgets for Indoor Hotspot, Urban Micro, Urban Macro, and Rural Macro target set of environments, but did not provide link budget for the Suburban Macro environment which is understood to be optional.  


–
The shadow fading standard deviation recommended by Report ITU-R M.2133 is 6 dB and 8 dB for Urban Macro and Rural Macro scenarios, respectively. The proponent used 7.8 dB and 9.4 dB respectively which consider a 5 dB penetration loss standard deviation. The proponent’s calculations for shadow fading standard deviation are sound.   


See Annex 1 for the percentage of coverage area calculation and the supporting spreadsheets.


Annex 1


Percentage of Coverage Area Calculation


To determine the percentage of coverage area, the CEG used the well-known signal path-loss expression: 


[image: image22.png]





where [image: image24.png]



is a zero-mean Gaussian distributed random variable (in dB) with standard deviation [image: image26.png]



, n is the path-loss exponent  (1 ≤n≤5), and [image: image28.png]



 is path-loss at some reference distance. Also, the received signal power, at distance d can be expressed as: 
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Note: In the UL, the receive gain has to be taken into account either as part of the e.i.r.p., or through the path-loss. 


Therefore, the received power is a normally distributed random variable and the probability that the received signal level will exceed a certain level S (in practical situations it is useful to chose S to be the sensitivity level) can be found as: 
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where [image: image32.png]



 is the mean path-loss. Given that the probability that signal is lower than S (outage) is:
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one can calculate the shadowing margin at some distance d=D for a given cell boundary outage as: 
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Now that the boundary conditions have been determined, it is possible to determine the proportion of the cell area that has a signal level higher than S (coverage area). This is obtained by integrating the probability that signal level exceeds S over the entire area of radius D: 
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Using the following substitutions: [image: image37.png]_ S—EIRP + Lo + 10nlog(D)
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, [image: image39.png]b = 10nlog(e)
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 the coverage area becomes: 
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Supporting Spreadsheets


Link budget calculations for the 3GPP candidate technology (see Section 8.10):
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Link budget calculations for the 3GPP candidate technology (see Section 9.10):
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Annex 2


Evaluators' individual reports on simulation results

Evaluator 1:
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Evaluator2: 
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Evaluator3_4:
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Evaluator 5:
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Evaluator 6:
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Evaluator7: 
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Annex 3


Evaluation Methodology and Performance Criteria


		Evaluation Methodology:


As described in Report ITU-R M.2135-1, Table 6-1, the evaluation method for this characteristic is “inspection.”





		Performance Criteria:


As described in Report ITU-R M.2135-1, Section 7.4.4, “A mobile transmission system’s ability to support a wide range of services lies across all elements of the network (i.e. core, distribution and access), and across all layers of the OSI model. The evaluation of a candidate IMT-Advanced RIT focuses on the radio access aspects of the lower OSI layers. There are quantifiable elements of the minimum technical requirements identified within Report ITU-R M.2134 that indicate whether or not a candidate RIT is capable of enabling these services as defined in Recommendation ITU-R M.1822.  If the candidate RIT meets the latency, peak spectral efficiency and bandwidth requirements in Report ITU-R M.2134, then it can be regarded as enabling the following service aspects requirements.


The support of a wide range of services is further analyzed by inspection of the candidate RIT’s ability to support all of the service classes of Table 7-3. This is considered in at least one test environment (similar to evaluation of the peak spectral efficiency) under normal operating conditions using configuration supported by the candidate RIT/SRITs.”


TABLE 7-3


Service classes for evaluation


User experience class


Service class


Inspection


Conversational


Basic conversational service


Rich conversational service


Conversational low delay

Yes/No


Yes/No


Yes/No


Interactive


Interactive high delay


Interactive low delay


Yes/No


Yes/No


Streaming


Streaming live


Streaming non-live

Yes/No


Yes/No


Background


Background


Yes/No








Annex 4


Extract from Recommendation ITU-R M.1822: Table 1


Table 1


Service Classification


		User experience class

		Service class

		Example services 



		Conversational




		Basic conversational

		Voice telephony (including VoIP),
Emergency calling,
Push-to-talk.



		

		Rich conversational

		Video conference,
High-quality video telephony,
Remote collaboration,
e-Education (e.g. video call to teacher),
Consultation (e.g. video interaction with doctor),
Mobile commerce.



		

		Conversational low delay

		Interactive gaming,
Consultation,
Priority service.



		Interactive

		Interactive high delay

		e-Education (e.g. data search)
Consultation (e.g. data search)
Internet browsing,
Mobile commerce,
Location-based services,
ITS-enabled services.



		

		Interactive low delay

		Emergency calling,
e-mail (IMAP server access),
Remote collaboration (e.g. desktop sharing),
Public alerting (e.g. with feedback),
Messaging (instant messaging),
Mobile broadcasting/multicasting (mobile interactive personalized TV),
Interactive gaming.



		Streaming

		Streaming live

		Emergency calling,
Public alerting,
e-Education (e.g. remote lecture),
Consultation (e.g. remote monitoring),
Machine-to-machine (e.g. observation),
Mobile broadcasting/multicasting,
Multimedia.



		

		Streaming non-live

		Mobile broadcasting/multicasting,
e-Education (e.g. education movies),
Multimedia,
Mobile commerce,
Remote collaboration.



		Background

		Background

		Messaging,
Video messaging,
Public alerting,
e-mail (transfer RX/TX, e.g. POP),
Machine-to-machine,
File transfer/download,
e-Education (file download/upload),
Consultation (file download/upload),
Internet browsing, 
Location-based service.





_______________

MS







BS







1.85 ms







1.85 ms







HARQ RTT



5 ms







1.85 ms







1.85 ms







TTI + Frame



Alignment







0.92 ms







0.92 ms











* 	Submitted on behalf of the Canadian Evaluation Group (CEG)



� Given when the complete set of Evaluator 7 results were made available to the CEG, only two MIMO, and one SISO, scenarios could be included (out of a total of six in the full Evaluator 7 Report – see Annex 2).



� Whenever the number of results reported is an even number, the median is calculated as the average of the two middle values.



� Number of symbols for used for PDCCH



� Scheduler parameter



� Reference: IEEE 802.16m Evaluation Methodology Document (EMD), IEEE 802.16m- 08/004r5.



� The median is the average of the two middle values whenever the results are reported as an even number.



� Normalized link data rate is equal to the average value of the LOS and N-LOS cases
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_1340102740.unknown



_1340102748/Link_Budget_3GPP_LOS_TDD_v4_final.xlsx

Indoor hotspot


						3GPP - LOS - TDD - Indoor Hotspot


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			46933			1600


						Transmission bit rate for data channel (bit/s)			4650676			371520


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.23			0.52


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			21			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			24			21


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			0			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			21			20


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			21			20


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			0


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-174			-174.9


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-174			-174.9


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			36000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			36000000			1800000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-90.65			-115.45


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-90.65			-105.45


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-5.1			-12


			19b			(19b) Required SNR for the data channel (dB) 			-4			-3.9


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-93.75			-125.45


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-93.15			-107.85


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			114.75			145.45


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			114.15			127.85


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			3			3


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			113.75			142.45


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			113.15			124.85


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			>100.0(ii)			>100.0(ii)


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			>100.0(ii)			>100.0(ii)


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			>3.14E+04(ii)			>3.14E+04(ii)


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			>3.14E+04(ii)			>3.14E+04(ii)


						Comments


			25a			Note: The path loss is too small (77.2 dB), and there is no need for additional margin at the distance of d=100m.








Urban micro


						3GPP - LOS - TDD - Urban micro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			41			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			44			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			58			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			58			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-5.9			-12


			19b			(19b) Required SNR for the data channel (dB) 			-4.3			-7.3


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-96.34			-118.41


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.24			-110.29


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			154.34			158.41


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			153.24			150.29


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			3			3


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			1.8			1.8


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.3			0.3


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			151.54			153.61


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			151.94			146.99


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			7380			8310


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			7545			5670


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			171104956			216946132.74486


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			178841520.480015			100998746.33814


						Comments








Urban macro


						3GPP - LOS - TDD - Urban macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			30			30


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			46			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			63			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-6.2			-11.9


			19b			(19b) Required SNR for the data channel (dB) 			-4.4			-7.2


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-96.64			-118.31


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.34			-110.19


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			159.64			158.31


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			158.34			150.19


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			3.4			3.4


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			158.64			155.31


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			153.94			143.79


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			5000			5000			 


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			5000			4420


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			78539815			78539815


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			78539815			61375409.67064


						Comments


			25a			No need for margin as the pathloss is small at the cell edge. 


			30a			Max range exceeds 5000 by a large margin.








Rural macro


						3GPP - LOS - TDD - Rural macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			120			120


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			46			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			63			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.4			-11.8


			19b			(19b) Required SNR for the data channel (dB) 			-3.8			-6.9


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-94.84			-118.21


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-94.74			-109.89


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.84			158.21


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			157.74			149.89


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			6			6


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			156.84			155.21


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			156.74			146.89


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			10000			10000


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			10000			10000


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			314159260			314159260


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			314159260			314159260


						Comments


			25a			No need for margin as the pathloss is small at the cell edge. 


			30a			Max range exceeds 10000 by a large margin. 








Suburban macro


						3GPP - LOS - TDD - Suburban macro


						Item			Downlink			Uplink


						System configuration


						Carrier frequency (GHz)			2			2


						BS antenna heights (m)			35			35


						UT antenna heights (m)			1.5			1.5


						Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			3 or 90			3 or 90


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			46			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			63			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.4			-11.8


			19b			(19b) Required SNR for the data channel (dB) 			-3.8			-6.9


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-94.84			-118.21


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-94.74			-109.89


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.84			158.21


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			157.74			149.89


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			6			6


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			156.84			155.21


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			156.74			146.89


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			5000			5000


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			5000			5000


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			78539815			78539815


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			78539815			78539815


						Comments


			25a			No need for extra margin as pathloss is small at cell edge (around 129 dB).


			30a			Max range exceeds 5000 by a large margin. 








Urban micro O-to-I


						3GPP - LOS - TDD - Urban micro O-to-I


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			O-to-I (LoS)			O-to-I (LoS)


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			41			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			44			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			58			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			58			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-5.9			-12


			19b			(19b) Required SNR for the data channel (dB) 			-4.3			-7.3


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-96.34			-118.41


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.24			-110.29


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			154.34			158.41


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			153.24			150.29


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			7			7


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			6.9			6.9


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4			4


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			20			20


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			126.44			128.51


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			128.24			123.29


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1200			1353


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1334			1001


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			4523893			5751027.6878934


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			5590639.9608856			3147878.9267926


						Comments










_1340102752/Link_Budget_IEEE_NLOS_TDD_V1_Salim.xlsm

Indoor hotspot


						IEEE - NLOS - TDD - Indoor hotspot


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			89,600			1,200


						Transmission bit rate for data channel (bit/s)			20,230,593			980,290


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.8561			0.8297


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			18			18


			3			(3) Total transmit power = function of (1) and (2) (dBm)			24			21


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			0			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2734			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			21			20


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			20.7266			20


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			0


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 			-174			-174


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-174			-174





			16a			(16a) Total noise plus interference density for control channe			-166.21			-167.81


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





			16b			(16b) Total noise plus interference density for data channel			-166.21			-167.81


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			37808640			3150720





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			37808640			3150720





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-90.43			-102.82


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-90.43			-102.82





			19a			(19a) Required SNR for the control channel (dB) 			-0.56			-2.48


			19b			(19b) Required SNR for the data channel (dB) 			1.41			-0.24


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-88.99			-103.30


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-87.52			-101.56


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			109.99			123.30


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			108.25			121.56


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			2.8			2.8





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			2.8			2.8





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			106.19			117.50


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			104.45			115.76


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			87.39			159.42


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			79.65			145.37


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			23992			79843


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			19931			66390


						Comments


			13			This is spectral efficiency for CP = 1/8








Urban micro


						IEEE - NLOS - TDD - Urban micro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			89600			1200


									7,529,917			212,755


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.6373			0.7203


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			38			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			44			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2734			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			58			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			57.7266			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 			-165			-166


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-165			-166





			16a			(16a) Total noise plus interference density for control channe			-162.88			-164.24


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





			16b			(16b) Total noise plus interference density for data channel			-162.88			-164.24


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18904320			787680





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18904320			787680





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-90.11			-105.27





			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-90.11			-105.27





			19a			(19a) Required SNR for the control channel (dB) 			-1.57			-4.1


			19b			(19b) Required SNR for the data channel (dB) 			-1.05			-0.96


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-89.68			-107.37


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-89.66			-104.73


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			147.68			147.37


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			147.39			144.73


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			3.1			3.1





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			3.1			3.1





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			143.58			141.27


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			143.29			138.63


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1030.3			891.56


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1011.89			755.5


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			3334857			2497186.71817143


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			3216743.80557121			1793159.00962615


						Comments


			13			This is spectral efficiency for CP = 1/8








Urban macro


						IEEE - NLOS - TDD - Urban macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.6373			0.7203


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			30			30


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			43			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2734			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			62.7266			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 			-165			-166


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-165			-166





			16a			(16a) Total noise plus interference density for control channe			-162.88			-164.24


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





			16b			(16b) Total noise plus interference density for data channel			-162.88			-164.24


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18904320			787680





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18904320			787680





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-90.11			-105.27





			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-90.11			-105.27





			19a			(19a) Required SNR for the control channel (dB) 			-1.95			-3.97


			19b			(19b) Required SNR for the data channel (dB) 			-0.21			-0.82


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-90.06			-107.24


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-88.82			-104.59


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			153.06			147.24


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			151.55			144.59


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			7.8			7.8


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			8.1			8.1





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			8.1			8.1





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			134.96			127.14


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			133.45			124.49


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			891.93			562.9


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			816.07			481.56


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			2499260			995433.752918566


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			2092207.19319803			728535.429497511


						Comments


			13			This is spectral efficiency for CP = 1/8








Rural macro


						IEEE - NLOS - TDD - Rural macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.6373			0.7203


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			120			120


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			43			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2734			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			62.7266			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 			-165			-166


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-165			-166





			16a			(16a) Total noise plus interference density for control channe			-162.88			-164.24


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





			16b			(16b) Total noise plus interference density for data channel			-162.88			-164.24


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18904320			787680





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18904320			787680





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-90.11			-105.27





			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-90.11			-105.27





			19a			(19a) Required SNR for the control channel (dB) 			-1.19			-2.42


			19b			(19b) Required SNR for the data channel (dB) 			-0.7			0.37


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-89.30			-105.69


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-89.31			-103.40


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			152.30			145.69


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			152.04			143.40


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			9.4			9.4


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			10.4			10.4





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			10.4			10.4





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			131.90			123.29


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			131.64			121.00


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			2361.4			1412.4


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			2323.96			1232.23


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			17518180			6267080.64235018


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			16967082.154508			4770165.21605092


						Comments


			13			This is spectral efficiency for CP = 1/8
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1 Introduction


This paper summarizes the FDD evaluation results for 3GPP IMT-Advanced submission, including spectral efficiency, mobility, Voice-over-IP (VoIP) capacity. The results of LTE Rel-8 and LTE-A features that are capable to fulfill the requirements in different ITU scenarios are presented. 


Generally, the LTE Rel-8 configuration could fulfill most of the ITU requirements on spectral efficiency, mobility, VoIP capacity, except 1) the downlink spectral efficiency in UMi and UMa, and 2) the uplink spectral efficiency in UMi and UMa with high overhead, which is required for supporting the advanced LTE-A DL transmission. To fully achieve the requirements, some LTE-A features are proposed, e.g., 4x2 CoMP joint processing (JP) and 8x2 MU-MIMO w/o coordination in DL, and 1x4 CoMP, 2x4 CoMP and 2x4 SU-MIMO in UL. The results show that the proposed LTE-A features could well fulfill the requirement in all ITU scenarios and provide considerable performance improvement.



Detailed results, models and assumptions are provided in the following sections. 



2 Simulation Assumptions


The channel models and assumptions are aligned with the guidelines provided by ITU [1]. The detailed parameters are provided in Table 1. Note that the items differing from TDD system [2] are marked in gray, and the difference between Rel-8 and LTE-A features are emphasized in bold. Specific parameters employed in mobility, VoIP are stated in corresponding sections. 



Table 1  System models and assumptions


			Parameters


			Rel 8 Assumption


			Beyond rel 8 Assumption





			Duplex method


			FDD


			FDD





			Cellular Layout


			Aligned with [1]


			Aligned with [1]





			Load


			Average 10 UE per sector


			Average 10 UE per sector





			Bandwidth


			20MHz for InH; 10MHz for other scenarios


			20MHz for InH; 10MHz for other scenarios





			Scheduler


			DL: Proportional Fair 
UL: Proportional Fair 


			DL: Proportional Fair 
UL: Proportional Fair 





			Antenna configuration at BS


			DL & UL:



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


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


e)  Correlated cross-polarized
Columns with ±45deg  linearly polarized antennas
Columns separated 0.5  wavelengths
(illustration for 8Tx: XXXX)


			DL: 



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


UL:



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









			Antenna configuration at MS


			Vertically-polarized, with 0.5 lambda spacing


			Vertically-polarized, with 0.5 lambda spacing





			Downlink transmission scheme 


			4x2 codebook-based SU-MIMO,  with rank adaptation.


			4x2 CoMP joint-processing (JP),
8x2 MU-MIMO w/o coordination.





			Uplink transmission scheme


			1x4 SIMO without MU-MIMO


			1x4 CoMP / 2x4 CoMP / 2x4 SU-MIMO





			Uplink Power control


			Open loop, as in TS36.213, with fractional pathloss compensation =0.8, and P0 fitted to the environment.


			Open loop, as in TS36.213, with fractional pathloss compensation =0.8, and P0 fitted to the environment.





			HARQ scheme


			IR


			CC





			Link adaptation


			Non-ideal, 



Downlink: type A)



CQI: 4ms delay 5ms period; PUSCH-based feedback, mode 3-1, wideband PMI



CQI measurement error: N(0,1dB) per half-PRB. 


Uplink: SINR estimation with 5ms SRS period and 4ms delay.


			Non-ideal
Downlink: type A) 


CQI: 4ms delay 10ms period; PUCCH-based feedback, sub-band PMI with 5 PRBs.


Uplink: SINR estimation with 10ms SRS period and 4ms delay.





			Receiver type


			MMSE


			MMSE





			Channel estimation


			Non-ideal


			Non-ideal.





			Frequency granularity of precoding


			Wideband


			5PRBs 





			Overhead consumptions 


			DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS (DRS only for beamforming)



UL overhead: 6/12 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 5ms radio frame.


			DL overhead:  3 symbols for DL CCHs, Antenna Port 0~3 for CRS, DM-RS with 12 REs per PRB.


UL overhead: 6/12 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols for DMRSs per subframe, and 1 symbol for SRS per 10ms radio frame.








3 Downlink Spectral Efficiency


The FDD downlink spectral efficiency of the LTE Rel-8 and the proposed LTE-A features, i.e., CoMP JP and MU-MIMO w/o coordination, are presented in Table 2. It is seen that Rel-8 configuration fulfils the requirements in InH and RMa scenarios, and after applying the LTE-A features, the requirements in the UMi and UMa scenarios are fulfilled. 



Table 2  FDD Downlink spectral efficiency of LTE Rel-8 and LTE-A features in ITU scenarios


			Minimum technical requirements item


			scenario


			ITU required value


			LTE  Rel-8


			CoMP with 4 antennas at BS


			MU-MIMO  with 8 antennas at BS





			


			


			


			4x2 Config. a)


			4x2 Config. c)


			4x2  Config. e)


			Config. c)


			Config. c)





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


			InH


			3


			3.99


			4.00


			-


			-


			-





			


			UMi


			2.6


			1.92


			2.08


			2.12


			3.68


			3.78





			


			UMa


			2.2


			1.48


			1.77


			1.58


			2.57


			2.89





			


			RMa


			1.1


			1.88


			2.08


			1.83


			-


			-





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


			InH


			0.1


			0.196


			0.194


			-


			-


			-





			


			UMi


			0.075


			0.058


			0.067


			0.065


			0.12


			0.14





			


			UMa


			0.06


			0.054


			0.069


			0.062


			0.07


			0.10





			


			RMa


			0.04


			0.068


			0.087


			0.07


			-


			-








4 Uplink Spectral Efficiency


The FDD uplink spectral efficiency of LTE Rel-8 and the proposed LTE-A features, i.e., CoMP and SU-MIMO, are presented in Table 3 and Table 4, respectively. It is seen that, if the overhead is moderate, say 6 PRBs, the requirements in all scenarios can be fulfilled by LTE Rel-8 configuration. However, some DL LTE-A features are required for UMi and UMa according to section 3. In this case, the CQI+PMI overhead may be 4 times or more than that of LTE, which indicates 12 or more PRBs are required. When this is the case, the uplink spectral efficiency of LTE Rel-8 in UMi and UMa is somewhat worse than the requirement. 



To avoid the above-mentioned problem and to further improve the performance, SU-MIMO and CoMP are proposed as candidate features for UL transmission. The results shown in Table 4 indicate that both features could fulfill ITU requirement in all scenarios.


Table 3  FDD Uplink spectral efficiency of LTE Rel-8 in ITU scenarios


			Minimum technical requirements item


			scenario


			ITU required value


			6PRB feedback overhead


			12PRB feedback overhead





			


			


			


			1x4 Config. a)


			1x4 Config. c)


			1x4 Config. e)


			1x4 Config. a)


			1x4 Config. c)


			1x4 Config. e)





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


			InH


			2.25


			3.40


			3.40


			-


			3.18


			3.18


			-





			


			UMi


			1.8


			1.93


			1.93


			2.09


			1.67


			1.66


			1.79





			


			UMa


			1.4


			1.55


			1.50


			1.51


			1.34


			1.30


			1.30





			


			RMa


			0.7


			1.87


			1.85


			1.74


			1.61


			1.60


			1.50





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


			InH


			0.07


			0.244


			0.242


			-


			0.23


			0.23


			-





			


			UMi


			0.05


			0.078


			0.076


			0.105


			0.07


			0.07


			0.09





			


			UMa


			0.03


			0.078


			0.077


			0.081


			0.07


			0.07


			0.07





			


			RMa


			0.015


			0.104


			0.100


			0.100


			0.09


			0.09


			0.09








Table 4  FDD Uplink spectral efficiency of LTE-A features in ITU scenarios


			Minimum technical requirements item


			scenario


			ITU required value


			6PRB feedback overhead


			12PRB feedback overhead





			


			


			


			1x4 CoMP


			2x4 CoMP


			2x4 SU- MIMO


			1x4 CoMP


			2x4 CoMP


			2x4 SU- MIMO





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


			InH


			2.25


			3.42


			4.12


			4.01


			2.95


			3.56


			3.46





			


			UMi


			1.8


			2.22


			2.45


			2.23


			1.92


			2.09


			1.86





			


			UMa


			1.4


			1.95


			2.11


			1.80


			1.68


			1.83


			1.55





			


			RMa


			0.7


			2.31


			2.58


			2.32


			1.99


			2.23


			2.00





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


			InH


			0.07


			0.271


			0.278


			0.276


			0.234


			0.240


			0.238





			


			UMi


			0.05


			0.093


			0.102


			0.087


			0.081


			0.088


			0.073





			


			UMa


			0.03


			0.096


			0.102


			0.087


			0.083


			0.089


			0.075





			


			RMa


			0.015


			0.129


			0.154


			0.129


			0.111


			0.133


			0.112








5 Mobility



The mobility evaluations follow the ITU guidelines in [1]. The throughput versus SNR curve given by link-level simulation and the SINR distribution given by system-level simulation are illustrated in Fig 1 and Fig 2, respectively, and the median SINR and the corresponding normalized bitrates are shown in Table 5. It is seen that the requirements are fulfilled in all scenarios.


Note that only the performance of NLoS is provided for the case with 4 antennas at BS, whose results exceed the ITU requirements in all the scenarios with remarkable margin. Thus there should be no doubt for LoS to exceed the ITU requirements.



Specific assumptions for mobility evaluation are as follows.



· Scheduler: Round Robin.



· Channel estimation in link-level simulation: Non-ideal delay estimator and channel estimator.



Table 5  ITU Requirements on mobility and evaluation results


			Scenario


			Speed
(km/h)


			Frequency (GHz)


			Required normalized bitrates (bps/Hz)


			Normalized bitrates
(bps/Hz)


			Median SINR
(dB)





			InH


			10


			3.4


			1.0


			2.71


			13.7





			UMi


			30


			2.5


			0.75


			1.38


			4.8





			UMa


			120


			2.0


			0.55


			1.13


			4.0





			RMa


			350


			0.8


			0.25


			1.15


			5.2
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Fig 1  Link performance in ITU scenarios (NLoS only)
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Fig 2 Uplink wideband SINR in ITU scenarios


6 VoIP Capacity


The models and assumptions specific for the VoIP capacity evaluation are listed in Table 6. The traffic model and performance measures are aligned with the ITU guidelines [1].



The simulation results for VoIP capacity and the IMT-Advanced requirements are presented in Table 7. It is shown that the VoIP capacity of LTE Rel-8 by far exceeds the ITU requirement.



Table 6  VoIP specific Models and Assumptions


			Parameter


			Assumption





			Bandwidth


			5M (25 PRBs)





			Scheduler


			semi-persistent scheduling with PDCCH capacity model





			Antenna configuration at BS


			configuration c) 4 antennas





			Antenna configuration at MS


			DL: 2 vertically-polarized antennas, with 0.5 lambda spacing



UL: single transmit antenna





			HARQ scheme


			HARQ-CC, re-transmission times is limited by 50ms latency requirement.



DL maximum 5 retransmissions



UL maximum 4 retransmissions





			Overhead consumptions


			DL: 3 OFDM symbols for CCH



UL: 6 PRBs for CCH








Table 7  VoIP capacity requirement and simulation results


			Test environment


			Min requirement in IMT-A (Active users/sector/MHz)


			Simulation result 
(Active users/sector/MHz)





			InH


			50


			110 (UL = 110; DL = 144 )





			UMi


			40


			71 (UL = 95; DL = 71)





			UMa


			40


			70 (UL > 85; DL = 70)





			RMa


			30


			90 (UL > 90; DL = 90)








7 Conclusion


This paper summarizes the FDD evaluation results for 3GPP IMT-Advanced submission, including spectral efficiency, mobility, VoIP capacity. The results of LTE Rel-8 and the proposed LTE-A features in different ITU scenarios are presented, and the following results are observed.


· Downlink spectral efficiency. LTE Rel-8 could fulfill the requirements in InH and RMa, but has a large gap in UMi and UMa.  The proposed DL LTE-A features, i.e., 4x2 CoMP JP and 8x2 MU-MIMO w/o coordination, could fulfill the requirements in UMi and UMa quite well.



· Uplink spectral efficiency. LTE Rel-8 could fulfill the requirements in all test environments with moderate overhead, say 6 PRBs, but is likely to fail in UMi and UMa with a high overhead, say 12 PRBs. This problem is avoided by the proposed UL LTE-A features, i.e., 1x4 CoMP, 2x4 CoMP and 2x4 SU-MIMO, which further improves the performance.



· Mobility. The results show that the mobility requirements in all test environments are fulfilled.



· VoIP capacity. It is shown that LTE Rel-8 well fulfills the capacity requirement in all ITU scenarios.



Reference


[1]
ITU-R, M.2135, Guidelines for evaluation of radio interface technologies for IMT advanced.


[2]
R1-093062, LTE and LTE-A TDD system performance for ITU submission, Evaluator2 internal document.
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1 Summary:


Recent wireless systems should satisfy the requirements for high peak data rates and high bandwidth efficiency. Recommendations and reports were issued to specify the technical performance of actual targets.



We are mainly involved in the evaluation of the two main candidate technologies likely to be deployed in the field in Canada, the proposals from 3GPPP and the IEEE. We had undertaken some simulations for both technologies evaluation. Link-level and system-level results are included in the document.


This document summarizes the simulations results including spectral efficiency, cell edge spectral efficiency and mobility evaluation for 3GPP and IEEE.



The simulations indicate that the LTE/3GPP and the IEEE baseline configurations fulfill the requirements in all test environments considered, as stated in the guideline documents. Thus based on these simulations, we show that the two technology proposals will meet or exceed the performance of these simulations.


2 Simulation assumptions:



Assumptions are aligned with the guidelines provided in Report ITU-R M.2135. We also considered a set of specific system models, aligned with 3GPP and IEEE documents and taken from documents [1], [2], [3] and [4]. Basic link-level assumptions are given in tables A1, A2 and A3. In this document, we present results only for a 10 MHz bandwidth.


Table A1: Link-level simulation assumptions for 3GPP



			Topic


			Description





			Basic modulation


			QPSK, 16QAM, 64QAM





			Duplexing scheme


			FDD





			Data channel coding


			Channel coding schemes



Convolutional turbo coding



(CTC)





			System bandwidth


			10 MHz





			Carrier frequency


			3.4 GHz, 2.5 GHz, 2 GHz





			Cyclic prefix


			Normal





			FFT size


			512, 1024








Table A2: Link-level simulation assumptions for IEEE



			Topic


			Description





			Basic modulation


			QPSK, 16QAM, 64QAM





			Duplexing scheme


			FDD





			Data channel coding


			Channel coding schemes



Convolutional turbo coding



(CTC)





			System bandwidth


			10 MHz





			Carrier frequency


			3.4 GHz, 2.5 GHz, 2 HHz





			Cyclic prefix duration


			1/8 of OFDM symbol duration





			Used subcarriers


			360, 720





			Total subcarriers


			420, 840





			FFT size


			512, 1024





			Sampling factor


			28/25








Table A3: Modeling Assumptions in addition to the M.2135 Guidelines



			Parameter


			Value





			Duplex method


			FDD





			Bandwidth


			10 MHz DL for FDD, for UMi and UMa environments,


20 Mhz  for InH environment,


Note: 90% of nominal bandwidth occupied by subcarriers





			Scheduler


			DL: Proportional Fair in Time and Frequency





			Downlink transmission scheme


			Codebook-based pre-coded adaptive rank MIMO





			Downlink TX scheme


			2x2 OLSM MIMO





			Receiver type


			MMSE





			HARQ scheme


			Chase Combining





			Link adaptation


			Non-ideal, based on delayed feedback





			Antenna configuration
base station


			Uncorrelated co-polarized 


Co-polarized antennas separated 4 wavelengths
(illustration for 2 Tx: |       |)





			Antenna configuration UE


			Baseline:
Vertically polarized antennas
0.5 wavelengths separation at UE





			Channel estimation


			Non-ideal channel estimation



Non-ideal Channel Quality Indication (CQI)








3 Simulation results:



Link-level simulations results are presented in Fig. 1 and Fig. 2 in terms of link throughput for a an AWGN  channel and 1x1 SISO scenario. These results are given for different MCSs (modulation and coding schemes) to match the block sizes specified in documents [1] and [3] for 3GPP/LTE and IEEE proposals, respectively.
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Fig. 1 Link-level performance in terms of user throughput for AWGN 1x1 scenario and 10 MHz bandwidth (3GPP/LTE technology)



(Code rates are selected to match transport block sizes in [1]).
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Fig. 2 Link-level performance in terms of user throughput for AWGN 1x1 scenario and 10 MHz bandwidth (IEEE technology)


 (Code rates are selected to match transport block sizes in [3]).


a) Downlink Spectral Efficiency


Table S1 gives the cell spectral efficiency for technologies, 3GPP/LTE and IEEE, for the scenarios required by the ITU. We notice that both technologies satisfy the ITU requirements [6].


			Test environment


			ITU-R Req



DL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)



(2x2 SU-MIMO)



3GPP/LTE


			DL (bit/s/ Hz/cell)



(2x2 SU-MIMO)



IEEE





			Indoor


			3


			7.56


			-





			Urban Microcellular


			2.6


			3.75 


			3.87





			Urban Macrocellular


			2.2





			2.4


			3.39








Table S1: Cell spectral efficiency results for FDD RIT


b) Cell Edge Spectral Efficiency


Table S2 gives the cell edge spectral efficiency for both technologies for the different environments as required by the ITU. We notice that both technologies satisfy the ITU requirements [6].


Table S2: Cell edge spectral efficiency results for FDD RIT


			Test environment


			ITU-R Req



DL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)



(2x2 SU-MIMO)



3GPP/LTE


			DL (bit/s/ Hz/cell)



(2x2 SU-MIMO)



IEEE





			Indoor


			0.1


			0.223


			-





			Urban Microcellular


			0.075


			0.1


			0.2





			Base coverage urban


			0.06


			0.058


			0.08








c) Mobility



The mobility evaluation follows the ITU guidelines in Report ITU-R M.2135.


Link-level results are presented in Fig. 3. System-level results are presented in Fig 4 and Fig. 5 in terms of CDF of the SINRs per sector for both technologies.


Table M1: Mobility results for 3GPP/LTE proposal 



			Scenario


			Requirement
bps / Hz


			Speed
km/h


			Frequency
GHz


			Doppler
Hz


			Median SNR


			FDD RIT
bps/Hz





			Indoor


			1.0


			10


			3.4


			31.5


			6.5 dB


			-





			Urban Microcellular


			0.75


			30


			2.5


			69.4


			6.2 dB


			1.44





			Urban Macrocellular


			0.55


			120


			2.0


			222


			4.5 dB


			-








Table M2: Mobility results for IEEE proposal *


			Scenario


			Requirement
bps / Hz


			Speed
km/h


			Frequency
GHz


			Doppler
Hz


			Median SNR


			FDD RIT
bps/Hz





			Indoor


			1.0


			10


			3.4


			31.5


			


			-





			Urban Microcellular


			0.75


			30


			2.5


			69.4


			6.1 dB


			2.02





			Urban Macrocellular


			0.55


			120


			2.0


			222


			4.4 dB


			-
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Fig. 4 Downlink SINR in ITU deployment scenarios for 3GPP/LTE proposal
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Fig. 5 Downlink SINR in ITU deployment scenarios for IEEE proposal
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UMi NLoS Scenario for 3GPP/LTE
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Fig. 6 Downlink normalized link throughput in UMi environment - 


User speed =30 Kmph



Table M3 Mobility class support for FDD RIT*


			


			Test Environment





			


			Indoor


			Microcellular


			Microcellular





			Required mobility classes


			Stationary, pedestrian


			Stationary, pedestrian,



Vehicular
(up to 30 km/h)


			Stationary, pedestrian, vehicular





			Required mobility classes supported in FDD RIT


			*


			YES


			*








References:


[1] 3GPP TR 36.213: Technical Specification Group Radio Access Network; Requirements for further advancements for Evolved Universal Terrestrial Radio Access (E-UTRA) (LTE-Advanced).



[2] 3GPP TR 36.212: Technical Specification Group Radio Access Network; Feasibility study for Further Advancements for E-UTRA (LTE-Advanced)



[3] IEEE P802.16m/D4.



[4] IEEE 802.16m-08/004r5.


[5] REPORT ITU-R M.2135: Guidelines for evaluation of radio interface     technologies for IMT-Advanced.



[6] ITU-R M.2134: Requirements related to technical performance for IMT- Advanced radio interfaces.



[7] REPORT ITU-R M.2133: Requirements, evaluation criteria and submission        templates for the development of IMT-Advanced.



� Simulations were not carried out in all cases.
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Evaluator 6 Simulation Results on 3GPP “LTE Release 8 and Beyond” 


Presented to the CEG



1 Summary



RIM has performed simulations for the evaluation of a 3GPP “LTE Rel-8 and Beyond” FDD system.  The simulation evaluation results are presented in this document.


The results indicate that LTE Release 8 baseline configurations fulfill the IMT-advanced uplink spectral efficiency requirements in all test environments. LTE Release 8 baseline configurations also fulfill the downlink spectral efficiency requirements for the indoor scenario and the rural macro scenario. MU-MIMO transmission scheme is adopted for beyond Rel-8 to achieve the downlink spectral efficiency requirements for the urban marcro scenario and urban micro scenario. Overall, the simulation results show that 3GPP “LTE Rel-8 and beyond” system will meet the ITU-R requirement for IMT-Advanced. 


2 Simulation Assumptions


Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135 [1].  Additional parameters and assumptions for the LTE-specific system are listed in Table 1. Basic Link level performance is shown in Figure 1.


Table 1
Modeling Assumptions in Addition to the M.2135 Guidelines



			Parameter


			Value





			Duplex method 


			FDD









			Bandwidth


			20MHz for InH; 10MHz for other scenarios





			Scheduler


			DL/UL: Proportional Fair in Time and Frequency





			Downlink transmission scheme 


			4x2 MIMO closed loop spatial multiplexing for baseline configuration


MU-MIMO without coordination for beyond Rel-8 





			Uplink TX scheme


			1x4 SIMO





			Receiver type


			MMSE with intercell interference suppression capabilities in DL and UL





			Uplink Power control


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





			HARQ scheme


			Incremental redundancy with maximum 4  transmssions





			Network synchronization


			Synchronized 





			Link adaptation


			Non-ideal, based on delayed feedback





			Antenna configuration
base station


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



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





			Antenna configuration UE


			Baseline:
Vertically polarized antennas
0.5 wavelengths separation at UE





			Channel estimation


			Non-ideal channel estimation 









			Link adaptation


			DL CQI parameters: 6ms delay ,5ms reporting period,  subband CQI with 6 PRBs, wideband PMI


UL Quality monitoring: 7ms delay, 10ms sounding period





			Control channel overhead


			L=3 symbols for PDCCH 



4RB for PUCCH 





			Feedback channel errors


			Ideal
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Figure 1. Link-level performance in terms of Bits per Resource Element


3 Simulation Results


LTE Rel-8 baseline simulation results with antenna configuration a (uncorrelated antenna setting) and c (correlated antenna setting) are presented in Tables 2 and 3 for uplink and downlink spectral efficiency, respectively. Table 4 shows the simulation results for downlink urban macro scenario and urban micro scenario with beyond Rel-8 transmission technique (MU-MIMO w/o coordination). The required values for ITU-R are shown for reference [2].  


Table 2. IMT-Advanced spectral efficiency requirements and LTE UL baseline results


			Technical requirement item


			Scenario


			ITU required value





			Evaluated LTE performance (a)/(c)





			Cell spectral efficiency (bits/Hz/cell)


			Indoor Hotspot


			2.25


			3.57/3.58





			


			Urban Micro


			1.8


			2.02/1.82





			


			Urban Macro


			1.4


			1.58/1.43





			


			Rural Macro


			0.7


			1.97/1.75





			Cell edge user spectral efficiency


(bits/Hz/cell)


			Indoor Hotspot


			0.07


			0.25/0.26





			


			Urban Micro


			0.05


			0.074/0.053





			


			Urban Macro


			0.03


			0.079/0.060





			


			Rural Macro


			0.015


			0.092/0.077








Table 3. IMT-Advanced spectral efficiency requirements and LTE DL baseline results



			Technical requirement item


			Scenario


			ITU required value






			Evaluated LTE performance (a)/(c)





			Cell spectral efficiency (bits/Hz/cell)


			Indoor Hotspot


			3


			3.90/3.91





			


			Rural Macro


			1.1


			1.66/1.71





			Cell edge user spectral efficiency


(bits/Hz/cell)


			Indoor Hotspot


			0.1


			0.21/0.21





			


			Rural Macro


			0.04


			0.057/0.062








Table 4. IMT-Advanced spectral efficiency requirements and LTE DL results with MU-MIMO


			Technical requirement item


			Scenario


			ITU required value






			Evaluated LTE performance (c)





			Cell spectral efficiency (bits/Hz/cell)


			Urban Micro


			2.6


			2.9





			


			Urban Macro


			2.2


			2.4





			Cell edge user spectral efficiency


(bits/Hz/cell)


			Urban Micro


			0.075


			0.093





			


			Urban Macro


			0.06


			0.069








4 Reference


[1] ITU-R, M.2135, Guidelines for evaluation of radio interface technologies for IMT-advanced.


[2] ITU-R, M.2134, Requirements related to the technical performance for IMT-Advanced radio interfaces.
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Simulation Results for 3GPP, ITU-R submission



Evaluator 7



We present simulation results for the 3GPP submission for IMT-Advanced.   We have used a modified proportional fair scheduling algorithm with different parameters. The choice of parameter allows a trade-off between cell spectral efficiency and cell edge spectral efficiency.  We found that the pure proportional fair scheduling algorithm, both in time and frequency, yields the best compromise between cell spectral efficiency and cell-edge spectral efficiency.



Use use an analytic model for the link level which has the charateristics shown in  Figure 1. This model determines the rate for a given SNR from the Shannon formula. The rate is obtained from the Shannon formula with a 3dB penalty and it is truncated at 6 bits/resource element. System simulation results are shown in the Table 1 for the FDD DL SISO, different cellular environments, various scheduler parameters, and cell versus cell edge.  Table 2 has the corresponding results for an FDD DL 4x2 SU-MIMO system.  Our simulation made a number of simplifying assumptions regarding link level performance including the above use of the Shannon formula. The simulation centers on system level aspects of scheduling and resource element assignment under the full model of multi-path fading channel. Under similar link level assumptions we believe that the IEEE submission would have yield similar results for average cell spectral efficiency and cell-edge spectral efficiency.



Figure 1 Link-level performance in terms of bits per resource element 
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Table 1 - Simulation results for different PF scheduler parameters 


			Environment


			Scheduler parameter (α)


			Cell spectral efficiency (b/s/Hz/cell)


			Cell edge spectral efficiency (b/s/Hz/cell)





			Base coverage urban



(SISO)


			α=1


			1.1


			0.0449





			


			α=5


			1.5024


			0.0049





			


			α=10


			1.5475


			0.0014





			Microcellular



(SISO)


			α=1


			1.3919


			0.035





			


			α=5


			1.56


			0.0025





			


			α=10


			1.568


			0.0012








Table 2 - Simulation results for single-user MIMO (4x2) system with different PF scheduler parameters



			Environment


			Scheduler parameter (α)


			Cell spectral efficiency (b/s/Hz/cell)


			Cell edge spectral efficiency (b/s/Hz/cell)





			Base coverage urban



(SU-MIMO 4x2)


			α=1


			1.86


			0.06





			


			α=5


			2.49


			0.0136





			


			α=10


			2.58


			0.003





			Microcellular



(SU-MIMO 4x2)


			α=1


			2.44


			0.1126





			


			α=5


			2.63


			0.0169





			


			α=10


			2.65


			0.006
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Evaluator 5 Contribution on 



PCT results for the evaluation of the IEEE 802.16m Proposal (ADV/4)


1. Introduction


This contribution reports simulation results for the PCT of IMT-Advanced evaluating the IEEE 802.16m proposal to ITU-R WP 5D as contained in ADV/4. The simulation results presented in this contribution evaluate the cell and cell edge-user spectral efficiencies, the VoIP capacity, and the mobility traffic channel link rates of IEEE 802.16m for all test environments.


2. System-level simulation assumptions


The models and assumptions used for the simulation results presented in this contribution are aligned with the guidelines provided in Report ITU-R M.2135-1. The simulation assumptions and parameters for the IEEE 802.16m proposal evaluated in this contribution are according to Annex 3 of ITU-R IMT-ADV/4 (IEEE L802.16-09/0104r5). More specifically, Table 1 contains the OFDMA and frame parameters of IEEE 802.16m used in the simulations. Tables 2 and 3 contain the DL and UL configuration, respectively, used in the simulations for full-buffer data traffic (evaluation of cell and cell-edge user spectral efficiencies). Table 4 contains the VoIP configuration used in the simulations for VoIP traffic (evaluation of VoIP capacity). Finally, it is noted that the simulation assumptions for the evaluation of the mobility requirement of IMT-Advanced are fully compliant with the guidelines in Report ITU-R M.2135-1.


Table 1: OFDMA and frame parameters



			Parameter


			Description


			RIT Parameters for Indoor Environment


			RIT Parameters for Urban Micro-cellular, Urban Macro-cellular, High Speed Environments





			


			


			TDD


			FDD


			TDD


			FDD
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			Carrier frequency


			3.4 GHz


			Urban Micro-cellular: 2.5 GHz





			


			


			


			Urban Macro-cellular: 2.0 GHz





			


			


			


			High Speed: 0.8 GHz
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			Total bandwidth


			40 MHz for data-only (2x20 MHz)


			2x20 MHz for data-only


			20 MHz for data-only


			2x10 MHz for data-only





			


			


			10 MHz for VoIP


			5 + 5 MHz for VoIP


			10 MHz for VoIP


			5 + 5 MHz for VoIP
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			Number of points in full FFT


			2x2048 for data-only


			2048 for data-only


			2048 for data-only


			1024 for data-only





			


			


			1024 for VoIP


			512 for VoIP


			1024 for VoIP


			512 for VoIP
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			Sampling frequency


			44.8 MHz for data-only


			22.4 MHz for data-only


			22.4 MHz for data-only


			11.2 MHz for data-only





			


			


			11.2 MHz for VoIP


			5.6 MHz for VoIP


			11.2 MHz for VoIP


			5.6 MHz for VoIP
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			Subcarrier spacing


			10.9375 kHz
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			OFDMA symbol duration without cyclic prefix


			91.43 us
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			Cyclic prefix length (fraction of 
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)


			1/16
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			OFDMA symbol duration with cyclic prefix


			97.143 us
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			Frame length


			5 ms
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			Number of OFDMA symbols in frame (excluding switching gaps)


			50


			51


			50


			51
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			Ratio of DL to UL (TDD mode)


			5 DL subframes, 3 UL subframes for data-only


			8 DL subframes for DL and UL


			5 DL subframes, 3 UL subframes for data-only


			8 DL subframes for DL and UL





			


			


			4 DL subframes,  4 UL subframes for VoIP


			8 DL subframes for DL and UL


			4 DL subframes,  4 UL subframes for VoIP


			8 DL subframes for DL and UL
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			Duplex time


			TTG+RTG = 142.85 µs


			N/A


			TTG+RTG = 142.85 µs


			N/A








Table 2: DL configuration



			Topic


			Description


			RIT Parameters for Indoor and Urban Micro-Cellular Environments


			RIT Parameters for Urban Macro-Cellular and High Speed Environments





			Basic modulation for data


			Modulation schemes for data


			QPSK, 16QAM, 64QAM





			Basic modulation for control


			Modulation schemes for control


			QPSK





			Duplexing scheme


			TDD or FDD


			TDD/FDD 





			Subchannelization for data allocations


			Contiguous/Distributed Resource Units and associated permutations


			· Scheme for InH and UMi: Sub-band CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6];12 equal-size allocations spanning the complete duration of the time resources (DL portion of the TDD frame, DL FDD frame)



- Scheme for UMa and RMa: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6]; 6 equal-size allocations spanning the complete duration of the time resources (DL portion of the TDD frame, DL FDD frame) 









			Subchannelization for VoIP allocations


			Contiguous/Distributed Resource Units and associated permutations


			Combination of the following two schemes (selection should be based on the maximization of the VoIP capacity): 



· Scheme 1: DRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6];



- Scheme 2: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6]





			Subchannelization for A-A-MAP


			Contiguous/Distributed Resource Units and associated permutations


			Distributed LRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6]





			DL pilot structure


			Pilot structure, density etc.


			Depends on the number of streams per allocation: 



1 or 2 pilot streams from 2 stream interlaced pilot structure as defined in Section 3.3.1.4.1 of [6] with 2 dB pilot power boosting over data tone



3 or 4 pilot streams from 4 stream pilot structure as defined in Section 3.3.1.4.1 of [6] with 0 dB pilot power boosting over data tone





			Multi-antenna transmission format for data


			Multi-antenna configuration and  transmission scheme


			· Scheme for InH and UMi: 6-bit Transformed Codebook or analog feedback based MU-MIMO using 4x2 configuration; adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO


- Scheme for UMa and RMa: MU-MIMO with long term beamforming using 4x2 configuration (20 ms reporting period for the long-term covariance matrix); adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO





			Multi-antenna transmission format for voip


			Multi-antenna configuration and  transmission scheme


			Combination of the following two schemes (selection should be based on the maximization of the VoIP capacity):



· Scheme 1: SU-MIMO using 4x2 configuration with SFBC + non-adaptive precoding 



Scheme 2: SU-MIMO with wideband beamforming using 4x2 configuration 





			Multi-antenna transmission format for A-A-MAP


			Multi-antenna configuration and  transmission scheme


			Open-loop SFBC + non-adaptive precoding (TX diversity)









			Receiver structure


			MMSE/ML/MRC,



Receiver interference awareness


			MMSE for channel estimation and MMSE/MLD data detection





			Data channel coding


			Channel coding schemes 


			Convolutional Turbo Coding (CTC) 1/3





			Control channel coding for A-A-MAP


			Channel coding schemes and block sizes


			As described in Section 3.3.2.3.2.2 of [6] with MLRU size equal to 56 tones





			Scheduling


			Demonstrate performance / fairness criteria in accordance to traffic mix


			Proportional Fair for full buffer data and delay-weighted Proportional Fair with persistent scheduling for VoIP





			Link adaptation


			Modulation and Coding Schemes (MCS), CQI feedback delay / error


			Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 11.13 of [4]





			Link to system mapping


			MI based PHY abstraction


			RBIR or MMIB by providing the necessary supporting PHY abstraction link curves 





			HARQ


			Chase combining/ incremental redundancy, synchronous/asynchronous, adaptive/non-adaptive  ACK/NACK delay, Maximum number of retransmissions, retransmission delay


			Incremental Redundancy



Asynchronous, adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes





			Power allocation


			Subcarrier power allocation


			Equal power per subcarrier; power boosting should be used only for A-A-MAP allocations (separate power boosting for each A-A-MAP allocation)





			Interference model


			Co-channel interference model, fading model for interferers, number of major interferers, threshold


			Explicitly modeled 



Average interference on used subcarriers per CRU (subband or miniband) in PHY abstraction {3}





			Frequency reuse


			Frequency reuse pattern


			3 sectors with frequency reuse 1





			Control signalling


			Message/signaling format, overheads


			SFH, A-MAP, ACK/NACK, and Power Control overhead/channels as described in  Section 3.3.2.2 of [6]


Dynamic transmission modeled for A-A-MAP; percentage of signalling error modeled for fixed control overhead, should be derived from corresponding link curve for each test environment; 





			Persistent scheduling


			Persistent scheduling for VoIP only


			Persistent scheduling for individual VoIP connections as described in  Section 3.2.1 of [6]





			Control channel overhead


			L1/L2 Overhead


			Dynamic overhead model whenever possible





			Antenna tilt angle


			Antenna tilt angle


			InH: 0 deg. 
UMi: 12 deg.
UMa: 12 deg.
RMa: 6 deg.









Table 3: UL configuration



			Topic


			Description


			RIT Parameters for Indoor and Urban Micro-Cellular Environments


			RIT Parameters for Urban Macro-Cellular and High Speed Environments





			Basic modulation for data


			Modulation schemes for data


			QPSK, 16QAM, 64QAM





			Basic modulation for control


			Modulation schemes for control


			Dependent on feedback channel (FBCH, HARQ,BW-REQ, Ranging, Sounding) as defined in  Section 3.3.5 of [6]





			Duplexing scheme


			TDD or FDD


			TDD/FDD 





			Subchannelization for data allocations


			Contiguous/Distributed Resource Units and associated permutations


			· Scheme for InH and UMi: Sub-band CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.4.1-3.3.4.3 of [6]; 12 equal-size allocations spanning the complete duration of the time resources (UL portion of the TDD frame, UL FDD frame)



· Scheme for UMa and RMa: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.4.1-3.3.4.3 of [6]; 6 equal size allocations spanning the complete duration of the time resources (UL portion of the TDD frame, UL FDD frame)









			Subchannelization for VoIP allocations


			Contiguous/Distributed Resource Units and associated permutations


			DRUs with frequency reuse 1 without FFR as defined in 3.3.4.1-3.3.4.3 of [6]





			UL pilot structure


			Pilot structure, density etc.


			1/2 stream pilot structure as defined in 3.3.4.4 of [6] without pilot power boosting 





			Multi-antenna transmission format for data


			Multi-antenna configuration and  transmission scheme


			· Scheme for InH and UMi: 3-bit Codebook based MU- MIMO using 2x4 configuration; adaptive switching between single user and collaborative spatial multiplexing



· Scheme for UMa and RMa: MU-MIMO with long term beamforming using 2x4 configuration; adaptive switching between single-user and collaborative spatial multiplexing









			Multi-antenna transmission format for VoIP


			Multi-antenna configuration and  transmission scheme


			SU-MIMO using 2x4 configuration with SFBC + non-adaptive precoding





			Multi-antenna transmission format for control


			Multi-antenna configuration and  transmission scheme


			2x4 antenna configuration








			Receiver structure


			MMSE/ML/MRC,



Receiver interference awareness


			MMSE for channel estimation and MMSE/MLD for data detection





			Data channel coding


			Channel coding schemes 


			Convolutional Turbo Coding (CTC) 1/3





			Control channel coding


			Channel coding schemes and block sizes


			As described in Section 3.3.5 of [6] for FBCH, HARQ, BW-REQ, Ranging, Sounding





			Scheduling


			Demonstrate performance / fairness criteria in accordance to traffic mix


			Proportional Fair for full buffer data and delay-weighted Proportional Fair with persistent scheduling for VoIP





			Link adaptation


			Modulation and Coding Schemes (MCS), CQI feedback delay / error


			Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 11.13 of [4]





			Link to system mapping


			MI based PHY abstraction


			RBIR or MMIB by providing the necessary supporting PHY abstraction link curves





			HARQ


			Chase combining/ incremental redundancy, synchronous/asynchronous, adaptive/non-adaptive  ACK/NACK delay, Maximum number of retransmissions, retransmission delay


			Incremental Redundancy



Synchronous, non-adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes





			Power control


			Open loop/closed loop


			Open loop power control as described in 3.3.5.4 of [6]; values for γ and SINRMIN should be chosen such that the average IoT meets the IMT-Advanced requirement





			Interference model


			Co-channel interference model, fading model for interferers, number of major interferers, threshold


			Explicitly modeled 



Average interference on used subcarriers per CRU (subband or miniband) in PHY abstraction [3]





			Frequency reuse


			Frequency reuse pattern


			3 sectors with frequency reuse 1





			Control signalling


			Message/signaling format, overheads


			Initial ranging, periodic ranging, handover ranging, bandwidth request fast feedback/CQI channel, sounding overheads modeled as described in  3.3.5 of [6] Percentage of signalling error modeled for fixed control overhead should be derived from corresponding link curve for each test environment





			Persistent scheduling


			Persistent scheduling for VoIP only


			Persistent scheduling for individual VoIP connections as described in  Section 3.2.1 of [6]





			Control channel overhead


			L1/L2 Overhead


			Dynamic overhead model whenever possible





			Antenna tilt angle


			Antenna tilt angle


			InH: 0 deg. 
UMi: 12 deg.
UMa: 12 deg.
RMa: 6 deg.









Table 4: VoIP configuration


			Parameter


			Characterization





			Codec


			Source rate 12.2 kbit/s





			Voice Activity Factor (VAF)


			50% (c=0.01, d=0.99)





			Speech payload


			33 bytes, encoder frame every 20 ms





			Silence Insertion Descriptor (SID) payload


			7 bytes,  SID packet every 160ms during silence





			Protocol overhead with compressed header


			4 byte MAC Header + Extended Header


4 byte (RTP/UDP/IP)



4 byte (RLC/security)



16 bits (CRC)





			Packet size


			47 bytes (talk),/ 21 bytes (silence)








3. system-level simulation results for the cell and cell-edge user spectral efficiencies


In this section, the evaluation results for the cell and cell-edge user spectral efficiencies are presented for the DL and UL of both TDD and FDD operation modes of IEEE 802.16m. Tables 5-8 present the control overhead (OH) calculations for the DL TDD, DL FDD, UL TDD, and UL FDD modes, respectively. For comparison purposes, the last row in each table contains the control overhead percentage as provided by the proponent.


Table 5: Control overhead calculation for the DL TDD of IEEE 802.16m



			


			Indoor


			Microcellular


			Base coverage urban


			High speed





			


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %





			DL A-A-MAP


			16.8 LRUs


			1.69


			16.0 LRUs


			3.23


			10.7 LRUs


			2.16


			11.5 LRUs


			2.32





			UL A-A-MAP


			6.0 LRUs


			0.60


			7.8 LRUs


			1.57


			5.6 LRUs


			1.13


			5.2 LRUs


			1.05





			NUS-A-MAP


			3.75 LRUs


			0.38


			3.75 LRUs


			0.76


			3.75 LRUs


			0.76


			3.75 LRUs


			0.76





			HF-A-MAP


			1 LRU


			0.10


			1 LRU


			0.20


			1 LRU


			0.20


			1 LRU


			0.20





			SFH


			5 LRUs


			0.50


			5 LRUs


			1.01


			5 LRUs


			1.01


			5 LRUs


			1.01





			A-PREAMBLE/ A-MIDAMBLE


			2 symbols


			6.45


			2 symbols


			6.45


			2 symbols


			6.45


			2 symbols


			6.45





			TOTAL OH (%) by evaluator


			9.72


			13.22


			11.71


			11.79





			TOTAL OH (%) provided by proponent


			9.19


			12.33


			11.17


			11.15








Table 6: Control overhead calculation for the DL FDD of IEEE 802.16m



			


			Indoor


			Microcellular


			Base coverage urban


			High speed





			


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %





			DL A-A-MAP


			16.6 LRUs


			4.07


			15.9 LRUs


			7.79


			10.7 LRUs


			5.25


			11.5 LRUs


			5.64





			UL A-A-MAP


			6.0 LRUs


			1.47


			7.8 LRUs


			3.82


			5.6 LRUs


			2.75


			5.2 LRUs


			2.55





			NUS-A-MAP


			3 LRUs


			0.74


			3 LRUs


			1.47


			3 LRUs


			1.47


			3 LRUs


			1.47





			HF-A-MAP


			1 LRU


			0.25


			1 LRU


			0.49


			1 LRU


			0.49


			1 LRU


			0.49





			SFH


			2.5 LRUs


			0.61


			2.5 LRUs


			1.23


			2.5 LRUs


			1.23


			2.5 LRUs


			1.23





			A-PREAMBLE/ A-MIDAMBLE


			1 symbol


			3.92


			1 symbol


			3.92


			1 symbol


			3.92


			1 symbol


			3.92





			TOTAL OH (%) by evaluator


			11.06


			18.72


			15.11


			15.30





			TOTAL OH (%) provided by proponent


			9.74


			16.28


			13.77


			13.63








Table 7: Control overhead calculation for the UL TDD of IEEE 802.16m



			


			Indoor


			Microcellular


			Base coverage urban


			High speed





			


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %





			MAC Management Messages


			11.6 LRUs


			1.91


			19.7 LRUs


			6.48


			2.73 LRUs


			0.90


			2.85 LRUs


			0.94





			PFBCH


			-  


			-


			-


			-


			3.33 LRUs


			1.10


			3.33 LRUs


			1.10





			H-FBCH


			1.33 LRUs


			0.22


			1.33 LRUs


			0.44


			1.33 LRUs


			0.44


			1.33 LRUs


			0.44





			Sounding


			1 symbol


			5.26


			1 symbol


			5.26


			1 symbol


			5.26


			1 symbol


			5.26





			Initial Ranging


			1 LRU


			0.16


			1 LRU


			0.33


			1 LRU


			0.33


			1 LRU


			0.33





			Bandwidth Request


			1 LRU


			0.16


			1 LRU


			0.33


			1 LRU


			0.33


			1 LRU


			0.33





			TOTAL OH (%) by evaluator


			7.71


			12.84


			8.36


			8.40





			TOTAL OH (%) provided by proponent


			7.85


			12.60


			9.23


			8.34








Table 8: Control overhead calculation for the UL FDD of IEEE 802.16m



			


			Indoor


			Microcellular


			Base coverage urban


			High speed





			


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %


			OH in LRUs or symbols


			OH in %





			MAC Management Messages


			11.6 LRUs


			1.91


			9.9 LRUs


			4.85


			1.36 LRUs


			0.67


			1.43 LRUs


			0.70





			PFBCH


			-  


			-


			-


			-


			1.67 LRUs


			0.82


			1.67 LRUs


			0.82





			H-FBCH


			1.33 LRUs


			0.33


			1.33 LRUs


			0.65


			1.33 LRUs


			0.65


			1.33 LRUs


			0.65





			Sounding


			1 symbol


			3.92


			1 symbol


			3.92


			1 symbol


			3.92


			1 symbol


			3.92





			Initial Ranging


			0.5 LRU


			0.12


			0.5 LRU


			0.25


			0.5 LRU


			0.25


			0.5 LRU


			0.25





			Bandwidth Request


			0.5 LRU


			0.12


			0.5 LRU


			0.25


			0.5 LRU


			0.25


			0.5 LRU


			0.25





			TOTAL OH (%) by evaluator


			5.91


			9.92


			6.56


			6.59





			TOTAL OH (%) provided by proponent


			6.02


			10.58


			8.01


			6.51








Tables 9 and 10 present the cell spectral efficiency for the TDD and FDD modes, respectively. For comparison purposes, the cell spectral efficiency values provided by the proponent are also included in each table.


Table 9: Cell spectral efficiency for the TDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


			Proponent results


			Evaluator results





			


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)





			Indoor


			3


			2.25


			6.93


			5.99


			6.75


			5.20





			Microcellular


			2.6


			1.80


			3.22


			2.58


			3.45


			2.60





			Base coverage urban


			2.2


			1.4


			2.41


			2.57


			2.62


			2.38





			High speed


			1.1


			0.7


			3.23


			2.66


			3.58


			2.45








Table 10: Cell spectral efficiency for the FDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


			Proponent results


			Evaluator results





			


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)





			Indoor


			3


			2.25


			6.87


			6.23


			6.85


			5.40





			Microcellular


			2.6


			1.80


			3.27


			2.72


			3.57


			2.66





			Base coverage urban


			2.2


			1.4


			2.41


			2.69


			2.63


			2.46





			High speed


			1.1


			0.7


			3.15


			2.77


			3.58


			2.54








Tables 11 and 12 present the cell-edge user spectral efficiency for the TDD and FDD modes, respectively. For comparison purposes, the cell-edge user spectral efficiency values provided by the proponent are also included in each table.


Table 11: Cell-edge user spectral efficiency for the TDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


			Proponent results


			Evaluator results





			


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)





			Indoor


			0.1


			0.07


			0.260


			0.426


			0.235


			0.361





			Microcellular


			0.075


			0.05


			0.092


			0.111


			0.087


			0.137





			Base coverage urban


			0.06


			0.03


			0.069


			0.109


			0.071


			0.113





			High speed


			0.04


			0.015


			0.093


			0.119


			0.095


			0.125








Table 12: Cell-edge user spectral efficiency for the FDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


			Proponent results


			Evaluator results





			


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)


			UL (bit/s/ Hz/cell)





			Indoor


			0.1


			0.07


			0.253


			0.444


			0.239


			0.377





			Microcellular


			0.075


			0.05


			0.097


			0.119


			0.090


			0.141





			Base coverage urban


			0.06


			0.03


			0.069


			0.114


			0.069


			0.117





			High speed


			0.04


			0.015


			0.091


			0.124


			0.095


			0.130








The evaluation results in Tables 9 to 12 show that the IEEE 802.16m proposal in ADV/4 fulfills the ITU requirements in terms of the cell and cell-edge user spectral efficiency. Also, the evaluation results reveal good alignment with the proponent results in ADV/4.


4. System-level simulation results for the voip capacity  



In this section, the evaluation results for the VoIP capacity are presented for both TDD and FDD operation modes of IEEE 802.16m. Tables 13 and 14 present the VoIP capacity results for the TDD and FDD modes, respectively. For comparison purposes, the VoIP capacity values provided by the proponent are also included in each table. It is noted that the reported VoIP capacity in Tables 13 and 14 is the minimum value of the DL and UL VoIP capacity.


The evaluation results in Tables 13 and 14 show that the IEEE 802.16m proposal in ADV/4 fulfills the ITU requirements in terms of the VoIP capacity. Also, the evaluation results reveal good alignment with the proponent results in ADV/4.


Table 13: VoIP capacity for the TDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


Min VoIP capacity 
(Active users/ sector/MHz)


			Proponent results (Active users/ sector/MHz)


			Evaluator results (Active users/ sector/MHz)





			Indoor


			50


			140


			146





			Microcellular


			40


			82


			84





			Base coverage urban


			40


			74


			78





			High speed


			30


			89


			99








Table 14: VoIP capacity for the FDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


Min VoIP capacity 
(Active users/ sector/MHz)


			Proponent results (Active users/ sector/MHz)


			Evaluator results (Active users/ sector/MHz)





			Indoor


			50


			139


			144





			Microcellular


			40


			77


			80





			Base coverage urban


			40


			72


			74





			High speed


			30


			90


			96








5. evaluation results for the mobility traffic channel link rates



In this section, the evaluation results for the mobility channel traffic link rates are presented for both TDD and FDD operation modes of IEEE 802.16m. Tables 15 and 16 present the mobility spectral efficiencies for the TDD and FDD modes, respectively. For comparison purposes, the proponent results are also included in each table. It is noted that the results for both LOS and NLOS scenarios are shown in both tables.


Table 15: Mobility spectral efficiencies for the TDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


(b/s/Hz)


			Proponent results (b/s/Hz)


			Evaluator results (b/s/Hz)





			


			


			LOS


			NLOS


			LOS


			NLOS





			Indoor


			1.0


			3.76


			3.41


			3.51


			3.41





			Microcellular


			0.75


			1.81


			1.50


			1.64


			1.33





			Base coverage urban


			0.55


			1.72


			1.30


			1.58


			1.26





			High speed


			0.25


			1.70


			1.23


			1.54


			1.23








Table 16: Mobility spectral efficiencies for the FDD of IEEE 802.16m


			Test environment


			ITU-R Requirement


(b/s/Hz)


			Proponent results (b/s/Hz)


			Evaluator results (b/s/Hz)





			


			


			LOS


			NLOS


			LOS


			NLOS





			Indoor


			1.0


			3.86


			3.56


			3.64


			3.56





			Microcellular


			0.75


			1.72


			1.51


			1.70


			1.41





			Base coverage urban


			0.55


			1.63


			1.34


			1.66


			1.30





			High speed


			0.25


			1.61


			1.27


			1.61


			1.27








6. CONCLUSION


Based on the evaluation results presented in Sections 3 to 5 of this document, it is shown that IEEE 802.16m (ADV/4) meets all PCT requirements of IMT-Advanced.
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1 Introduction


This document summarizes the TDD evaluation results for 3GPP IMT-Advanced submission, including spectral efficiency, mobility, Voice-over-IP (VoIP) capacity. The results of LTE Rel-8 and LTE-A features that are capable to fulfill the requirements in different ITU scenarios are presented.


Generally, the LTE Rel-8 configuration could fulfill most of the ITU requirements on downlink spectral efficiency, uplink spectral efficiency (with moderate overhead), mobility, VoIP capacity, except the downlink spectral efficiency in UMi and UMa. Some DL LTE-A features, e.g., 4x2 CoMP joint processing (JP) and 8x2 MU-MIMO w/o coordination are also are evaluated. As well, some UL LTE-A features, e.g., 1x4 CoMP, 2x4 CoMP and 2x4 SU-MIMO, are evaluated. The results show that with the additional evaluated LTE-A features, 3GPP IMT-Advanced submission could well fulfill the requirement in all ITU scenarios.


Detailed performance results, models and assumptions are provided in the following sections. 



2 Simulation Assumptions


The channel models and assumptions are aligned with the guidelines provided by ITU [1] and proposed by [2]. The detailed parameters are provided in Table 1. Note that the items differing from FDD system [3] are marked in gray, and the difference between Rel-8 and LTE-A features are emphasized in bold. Specific parameters employed in mobility, VoIP are stated in corresponding sections.


Table 1  System models and assumptions


			Parameters


			Rel 8 Assumption


			Beyond rel 8 Assumption





			Duplex method


			TDD


			TDD





			Cellular Layout


			Aligned with [1]


			Aligned with [1]





			Load


			Average 10 UE per sector


			Average 10 UE per sector





			Bandwidth


			20MHz for all the scenario


*Note: ITU requires 40MHz for InH, but Rel-8 only supports up to 20MHz.


			20MHz for all the scenario


*Note: ITU requires 40MHz for InH, but Rel-8 only supports up to 20MHz.





			Scheduler


			DL: Proportional Fair 
UL: Proportional Fair 


			DL: Proportional Fair 
UL: Proportional Fair 





			Antenna configuration at BS


			DL & UL:



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


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


e)  Correlated cross-polarized
Columns with ±45deg  linearly polarized antennas
Columns separated 0.5  wavelengths
(illustration for 8Tx: XXXX)


			DL:



e)   Correlated cross-polarized Columns with ±45deg  linearly polarized antennas
Columns separated 0.5 wavelengths
(illustration for 8Tx: XXXX)


UL:



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





			Antenna configuration at MS


			Vertically-polarized, with 0.5 lambda spacing


			Vertically-polarized, with 0.5 lambda spacing





			Downlink transmission scheme 


			4x2 codebook-based SU-MIMO,  with rank adaptation


8x2 single-layer beamforming


			4x2 CoMP joint-processing (JP)
8x2 MU-MIMO w/o coordination





			Uplink transmission scheme


			1x4 SIMO


			1x4 CoMP / 2x4 CoMP / 2x4 SU-MIMO





			Uplink Power control


			Open loop, as in TS36.213, with fractional pathloss compensation =0.8, and P0 fitted to the environment


			Open loop, as in TS36.213, with fractional pathloss compensation =0.8, and and P0 fitted to the environment.





			HARQ scheme


			IR


			CC





			Link adaptation


			Non-ideal, 



Downlink: type A)



CQI: 4ms delay 5ms period; PUSCH-based feedback, mode 3-1, wideband PMI



CQI measurement error: N(0,1dB) per half-PRB. 


Uplink: SINR estimation with 5ms SRS period and 4ms delay.


			Non-ideal
Downlink: type B) 


CQI: 4ms delay 10ms period; PUCCH-based feedback, sub-band PMI with 5 PRBs.


Uplink: SINR estimation with 10ms SRS period and 4ms delay.





			Receiver type


			MMSE with ideal IRC


			MMSE with ideal IRC





			Channel estimation


			Non-ideal


			Non-ideal





			Frequency granularity of precoding


			Wideband


			5PRBs 





			Overhead consumptions 


			DL overhead: 2 symbols for DL CCHs, Antenna Port 0~3 CRS



UL overhead: 8 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 2 symbol SRS per 5ms radio frame.


			DL overhead:  2 symbols for DL CCHs, Antenna Port 0 & 1 CRS, DM-RS with 12 REs per PRB.


UL overhead: 8 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 2 symbol SRS per 10ms radio frame.





			Uplink-downlink configurations


			Configuration 1: DL subframes : special slots : UL subframes = 2:1:2;



5ms switching period;



11 symbols for DwPTS; 1 symbol for GP, 2 symbol for UpPTS


			Configuration 1: DL subframes : special slots : UL subframes = 2:1:2;



5ms switching period;



11 symbols for DwPTS; 1 symbol for GP, 2 symbol for UpPTS





			Spectral efficiency normalization for the comparison with FDD


			DL Spectral efficiency convert:
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UL Spectral efficiency convert:
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3 Downlink Spectral Efficiency


The TDD downlink spectral efficiency of the LTE Rel-8 and the proposed LTE-A features are presented in Table 2. Note that LTE-A features, i.e., CoMP JP and MU-MIMO w/o coordination are not finalized yet in the standard, the schemes used for this evaluation purposes are based on some candidate proposals [4]. It is seen that the LTE TDD Rel-8 fulfils the requirements in InH and RMa scenarios, and after applying the LTE-A features, the requirements in the UMi and UMa scenarios are fulfilled. 


Table 2  TDD Downlink spectral efficiency of LTE Rel-8 and LTE-A features in ITU scenarios


			Minimum technical requirements item


			scenario


			ITU required value


			LTE  Rel-8


			CoMP with 4 antennas at BS


			MU-MIMO with 8 antennas at BS





			


			


			


			4x2 Config. a) 


			4x2 Config. c) 


			4x2 Config. e) 


			8x2 Config. e) 


			Config. C)


			Config.    e)





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


			InH


			3


			3.86


			3.87


			-


			-


			-


			-





			


			UMi


			2.6


			1.91


			2.08


			2.12


			218


			3.92


			4.01





			


			UMa


			2.2


			1.48


			1.75


			1.53


			1.98


			3.07


			3.56





			


			RMa


			1.1


			1.84


			2.02


			1.78


			2.20


			-


			-





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


			InH


			0.1


			0.19


			0.19


			-


			-


			-


			-





			


			UMi


			0.075


			0.062


			0.071


			0.071


			0.092


			0.09


			0.11





			


			UMa


			0.06


			0.052


			0.066


			0.063


			0.08


			0.08


			0.11





			


			RMa


			0.04


			0.07


			0.08


			0.07


			0.109


			-


			-








4 Uplink Spectral Efficiency


The TDD uplink spectral efficiency of LTE Rel-8 and the proposed LTE-A features, i.e., CoMP and SU-MIMO, are presented in Table 3. It is seen that the requirements in all ITU scenarios can be fulfilled by LTE Rel-8 systems with moderate overhead consumptions (8 PRBs with 20MHz bandwidth), and that the proposed LTE-A features could further enhance the performance.



Table 3  TDD Uplink spectral efficiency of LTE Rel-8 and LTE-A features  in ITU scenarios


			Minimum technical requirements item


			Scenario


			ITU required value


			LTE Rel-8
(8 PRB feedback overhead)


			LTE-A features
(8 PRB feedback overhead)





			


			


			


			1x4 Config. a)


			1x4 Config. c)


			1x4 Config. e)


			1x4 CoMP


			2x4 CoMP


			2x4 SU- MIMO





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


			InH


			2.25


			3.40


			3.39


			-


			3.41


			3.84


			3.78





			


			UMi


			1.8


			1.82


			1.78


			1.90


			2.15 


			2.35


			2.12





			


			UMa


			1.4


			1.51


			1.42


			1.44


			1.89 


			2.06 


			1.73 





			


			RMa


			0.7


			1.90


			1.80


			1.70


			2.23 


			2.52 


			2.25 





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


			InH


			0.07


			0.247


			0.256


			-


			0.254 


			0.240


			0.243





			


			UMi


			0.05


			0.073


			0.07


			0.089


			0.083 


			0.097 


			0.08 





			


			UMa


			0.03


			0.075


			0.074


			0.075


			0.093 


			0.100 


			0.083 





			


			RMa


			0.015


			0.103


			0.095


			0.094


			0.125 


			0.153 


			0.127 








5 Mobility



The mobility evaluation results are exactly the same as that of FDD. The evaluations follow the ITU guidelines in [1]. The SINR distribution given by system-level simulation is illustrated in Fig 1, and the median SINR and the corresponding normalized bitrates are shown in Table 4. It is seen that the requirements are fulfilled in all scenarios.


Note that only the performance of NLoS is provided for the case with 4 antennas at BS, whose results exceed the ITU requirements in all the scenarios with remarkable margin. Thus there should be no doubt for LoS to exceed the ITU requirements.



Specific assumptions for mobility evaluation are as follows.



· Scheduler: Round Robin.



· Channel estimation in link-level simulation: Non-ideal delay estimator and channel estimator.


Table 4  ITU Requirements on mobility and evaluation results


			Scenario


			Speed
(km/h)


			Frequency (GHz)


			Required normalized bitrates (bps/Hz)


			Normalized bitrates
(bps/Hz)


			Median SINR
(dB)





			InH


			10


			3.4


			1.0


			2.62


			13.7





			UMi


			30


			2.5


			0.75


			1.33


			4.8





			UMa


			120


			2.0


			0.55


			1.09


			4.0





			RMa


			350


			0.8


			0.25


			1.11


			5.2
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Fig 1 Uplink wideband SINR in ITU scenarios


6 VoIP Capacity


The models and assumptions specific for the VoIP capacity evaluation are listed in Table 5. The traffic model and performance measures are aligned with the ITU guidelines [1].



The simulation results for VoIP capacity and the IMT-Advanced requirements are presented in Table 6. It is shown that the VoIP capacity of LTE Rel-8 by far exceeds the ITU requirement.



Table 5  VoIP specific Models and Assumptions


			Parameter


			Assumption





			Bandwidth


			10M (50 PRBs)





			Scheduler


			semi-persistent scheduling with PDCCH capacity model





			Antenna configuration at BS


			configuration c) 4 antennas





			Antenna configuration at MS


			DL: 2 vertically -polarized antennas, with 0.5 lambda spacing



UL: single transmit antenna





			Uplink-downlink configurations


			Configuration #1. Special subframe configuration: 12 symbols for DwPTS, 1 symbol for GP and 1 symbol for UpPTS





			HARQ scheme


			HARQ-CC, re-transmission times is limited by 50ms latency requirement.



DL maximum 5 retransmissions



UL maximum 3 retransmissions





			Overhead consumptions


			DL: 3 (2 for DwPTS) OFDM symbols for CCH.


UL: 12 PRBs for CCH








Table 6  VoIP capacity requirement and simulation results


			Test environment


			Min requirement in IMT-A (Active users/sector/MHz)


			Simulation result 
(Active users/sector/MHz)





			InH


			50


			118 (UL = 118; DL = 147 )





			UMi


			40


			70 (UL = 70; DL > 70)





			UMa


			40


			67 (UL = 67; DL > 70)





			RMa


			30


			88 (UL = 88; DL > 90)








7 Conclusion


This paper summarizes the TDD evaluation results for 3GPP IMT-Advanced submission, including spectral efficiency, mobility and VoIP capacity. The results of LTE Rel-8 and some additional LTE-A features in different ITU scenarios are presented, and the following results are observed.


· Downlink spectral efficiency. LTE Rel-8 could fulfill the requirements in InH and RMa, but has a large gap in UMi and UMa.  The proposed DL LTE-A features, i.e., 4x2 CoMP JP and 8x2 MU-MIMO w/o coordination, could fulfill the requirements in UMi and UMa quite well.



· Uplink spectral efficiency. LTE Rel-8 could fulfill the requirements in all test environments with moderate overhead, say 8 PRBs with the system bandwidth of 20MHz. The proposed UL LTE-A features, i.e., 1x4 CoMP, 2x4 CoMP and 2x4 SU-MIMO, could further enhance the performance.


· Mobility. The results show that the mobility requirements in all test environments are fulfilled.



· VoIP capacity. It is shown that LTE Rel-8 well fulfills the capacity requirement in all ITU scenarios.
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3GPP “LTE-Release 10 and beyond” Simulation Results


By CEG Evaluator 1


1 Summary



Evaluator 1 has undertaken some simulations of the 3GPP “LTE-Rel 10 and beyond” system.  The results (including some results with beamforming) are attached.


The results indicate that the LTE Release 8 baseline configurations fulfill the uplink spectral efficiency requirements in all test environments.  LTE Release 8 baseline configurations also fulfill the downlink spectral efficiency requirements in the indoor and in the rural macro scenarios.  MU-MIMO with coordinated (within site) beam forming, (supported by LTE Release 8 but not included in the baseline configurations) is needed to fulfill the downlink requirements in the urban macro and urban micro scenarios.  Thus based on these simulations, evaluator 1 believes that “LTE Rel 10 and beyond” will meet or exceed the performance of these simulations.


2 Simulation Assumptions


Models and assumptions are aligned with the guidelines provided in Report ITU-R M.2135.  In addition to these, a set of LTE-specific system models, aligned with 3GPP document R1-092283, “Outcome of discussion on common baseline assumptions” are used.  Parametric assumptions are in Table 1 and the downlink (Table 2) and uplink (Table 3) overhead assumptions are provided.  Basic Link level performance is shown in Figure 1.


Table 1
Modeling Assumptions in Addition to the M.2135 Guidelines



			Parameter


			Value





			Duplex method 


			FDD



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





			Bandwidth


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



Note: 90% of nominal bandwidth occupied by subcarriers 





			Scheduler


			DL: Proportional Fair in Time and Frequency for Indoor and High speed test environments.



       MUBF for Microcellular and Base coverage urban test environments
UL: Quality-based Frequency Domain Multiplexing





			Downlink transmission scheme 


			Basic release 8 configuration


Codebook-based pre-coded adaptive rank MIMO



MU-MIMO / coordinated beamforming 



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





			Uplink TX scheme


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





			Receiver type


			MMSE with intercell interference suppression capabilities in DL and UL





			Uplink Power control


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





			HARQ scheme


			Incremental redundancy, synchronous, adaptive





			Network synchronization


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





			Link adaptation


			Non-ideal, based on delayed feedback





			Antenna configuration
base station


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



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





			Antenna configuration UE


			Baseline:
Vertically polarized antennas
0.5 wavelengths separation at UE





			Channel estimation


			Non-ideal channel estimation 



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



UL Quality monitoring 
6ms TCH  
20ms sounding period





			Feedback channel errors


			Error-free, but quantized and delayed. 





			Control Channel Overhead, Acks, etc. 


			See next two Tables 2 and 3








Table 2
Downlink Overhead Assumptions.



[image: image1.emf]FDD



L



1 2 3 1 2 3



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



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



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



Nuers 0 0 0 6 000 6 000 6 000



Npbch 288 288 288 288 288 288



Nsch 288 288 288 288 288 288



Nguard 0 0 0 0 0 0



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



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



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



Assumptions



Nrb 50 50 50 50 50 50



Nmbsfn 0 0 0 6 6 6



Nregular 10 10 10 4 4 4



TDD



L



1 2 3 1 2 3



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



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



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



Nuers 0 0 0 6 600 6 600 6 600



Npbch 288 288 288 288 288 288



Nsch 288 288 288 288 288 288



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



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



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



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



Assumptions



Nrb 100 100 100 100 100 100



Nmbsfn 0 0 0 4 4 4



Nregular 10 10 10 6 6 6



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



CRS UERS






Table 3
Uplink Overhead Assumptions.
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Figure 1
Link-level performance in terms of Bits per Resource Element (BPRE) as a function of SNR for AWGN, 1x1. Code rates are selected to match transport block sizes in 36.213



3 Simulation Results


Note that DL figures in both sections 3.1 Cell Spectral Efficiency and 3.2 Cell Edge Spectral Efficiency are given for L=3, 2 or 1 symbols used for PDCCH.  In reality these numbers are varied dynamically and thus a real value is some weighted average (implementation and scenario dependent) of the figures for L=3, 2 and 1.  It is clear that the IMT-Advanced requirements are fulfilled for any of these values individually and thus any weighted average of these values will also fulfill the IMT-Advanced requirements.



3.1 Cell Spectral Efficiency



			Test environment


			ITU-R Req



DL (bit/s/ Hz/cell)


			ITU-R Req



UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)



L= 3/2/1


			UL (bit/s/ Hz/cell)





			Indoor


			3


			2.25


			4.12/4.55/4.83


(4x2 SU-MIMO)


			3.46 (1x4 SIMO)



6.06 (1x4 MU-MIMO)


5.58 (2x4 SU-MIMO)





			Microcellular


			2.6


			1.80


			2.87/3.16/3.46


(4x2 MU-MIMO)


			2.23 (1x4 SIMO)


2.41 (2x4 BF)


2.59 (2x4 SU-MIMO)





			Base coverage urban


			2.2


			1.4


			2.37/2.62/2.86


(4x2 MU-MIMO)


			1.77 (1x4 SIMO)


2.94 (2x4 BF)



1.97 (2x4 SU-MIMO)





			High speed


			1.1


			0.7


			1.96/2.14/2.27


(4x2 SU-MIMO)



3.47/3.82/4.18


(4x2 MU-MIMO)


			2.08 (1x4 SIMO)


2.34 (2x4 BF)



2.38 (2x4 SU-MIMO)








Table 4
Cell Spectral Efficiency Results for FDD RIT


			Test environment


			ITU-R Req



DL (bit/s/ Hz/cell)


			ITU-R Req



UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)



L= 3/2/1


			UL (bit/s/ Hz/cell)





			Indoor


			3


			2.25


			3.93/4.22/4.50


(4x2 SU-MIMO)


			3.24 (1x4 SIMO)


5.67 (1x4 MU-MIMO)


5.15 (2x4 SU-MIMO)





			Microcellular


			2.6


			1.80


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


			2.03 (1x4 SIMO)


2.20 (2x4 BF)



2.35 (2x4 SU-MIMO)





			Base coverage urban


			2.2


			1.4


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


			1.66 (1x4 SIMO)


1.79 (2x4 BF)



1.81 (2x4 SU-MIMO)





			High speed


			1.1


			0.7


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


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


			1.93 (1x4 SIMO) 


2.17 (2x4 BF)



2.19 (2x4 SU-MIMO)








Table 5
Cell Spectral Efficiency Results for TDD RIT


3.2 Cell Edge Spectral Efficiency



			Test environment


			ITU-R Req



DL (bit/s/ Hz/cell)


			ITU-R Req



UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)



L= 3/2/1


			UL (bit/s/ Hz/cell)





			Indoor


			0.1


			0.07


			0.180/0.199/0.210


(4x2 SU-MIMO)


			0.262 (1x4 SIMO)


0.288 (2x4 SU-MIMO)



0.442 (1x4 MU-MIMO)





			Microcellular


			0.075


			0.05


			0.094/0.104/0.114


(4x2 MU-MIMO)


			0.109 (1x4 SIMO)


0.124 (2x4 BF)



0.127 (2x4 SU-MIMO) 





			Base coverage urban


			0.06


			0.03


			0.076/0.083/0.091


(4x2 MU-MIMO)


			0.085 (1x4 SIMO)



0.092 (2x4 BF)



0.091 (2x4 SU-MIMO)





			High speed


			0.04


			0.015


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


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


			0.100 (1x4 SIMO)



0.118 (2x4 BF)



0.117 (2x4 SU-MIMO)








Table 6
Cell Edge Spectral Efficiency Results for FDD RIT


			Test environment


			ITU-R Req



DL (bit/s/ Hz/cell)


			ITU-R Req



UL (bit/s/ Hz/cell)


			DL (bit/s/ Hz/cell)



L= 3/2/1


			UL (bit/s/ Hz/cell)





			Indoor


			0.1


			0.07


			0.168/0.181/0.193


(4x2 SU-MIMO)


			0.246 (1x4 SIMO)



0.267 (2x4 SU-MIMO)



0.413 (1x4 MU-MIMO)





			Microcellular


			0.075


			0.05


			0.088/0.095/0.104


(4x2 MU-MIMO)


			0.099 (1x4 SIMO)



0.111 (2x4 BF)



0.114 (2x4 SU-MIMO)





			Base coverage urban


			0.06


			0.03


			0.069/0.074/0.082


(4x2 MU-MIMO)


			0.079 (1x4 SIMO)



0.085 (2x4 BF)



0.084 (2x4 SU-MIMO)





			High speed


			0.04


			0.015


			0.110/0.117/0.129



(4x2 MU-MIMO)


0.072/0.077/0.082



(4x2 SU-MIMO)


			0.092 (1x4 SIMO)



0.108 (2x4 BF)



0.106 (2x4 SU-MIMO)








Table 7
Cell Edge Spectral Efficiency Results for TDD RIT



3.3 Mobility



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



Link-level for FDD and TDD are presented in Figure 2 and system-level results are presented in Figure 3.  Note that the TDD link level results are normalized with the uplink asymmetry, uplink-downlink configuration 0, i.e. 3 out of 5 subframes are for UL. It is seen that this results in practically identical performance for FDD and TDD. The achieved normalized bitrates are summarized in Table 8. 



Additional assumptions on system level:



· 5 resource blocks allocated per UE



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



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



· Non-quality-based scheduling



			Scenario


			Requirement
bps / Hz


			Speed
km/h


			Frequency
GHz


			Doppler
Hz


			Median SNR


			FDD RIT
bps/Hz


			TDD RIT
bps/Hz





			Indoor


			1.0


			10


			3.4


			31.5


			15 dB


			>2**


			>2**





			Microcellular


			0.75


			30


			2.5


			69.4


			3.5 dB


			1.2


			1.2





			Base Coverage Urban


			0.55


			120


			2.0


			222


			4 dB


			1.3


			1.3





			High Speed


			0.25


			350


			0.8


			259


			5 dB


			1.4


			1.4








Table 8
Mobility results for FDD RIT and TDD RIT


** NOTE that the simulation did not capture specifics of high SNR results, so maxed out at 2 bps/Hz
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Figure 2
Link performance in the ITU deployment scenarios.
(Note that for large SNR >10 dB, only a lower bound (2 bps/Hz) for the normalized bitrate can be read from this figure for InH, UMa, and UMi.)
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Figure 3
Uplink wideband SINR in the ITU deployment scenarios



			


			Test Environment





			


			Indoor


			Microcellular


			Base coverage urban 


			High speed 





			Required mobility classes


			Stationary, pedestrian


			Stationary, pedestrian,



Vehicular
(up to 30 km/h)


			Stationary, pedestrian, vehicular


			High speed vehicular, vehicular





			Required mobility classes supported in FDD RIT


			YES


			YES


			YES


			YES





			Required mobility classes supported in TDD RIT


			YES


			YES


			YES


			YES








Table 9
Mobility class support for FDD RIT and TDD RIT



3.4 VoIP Capacity


			Test Environment


			Requirements



Min VoIP capacity 
(Active users/sector/MHz)


			FDD RIT
(Active users/sector/MHz)


			TDD RIT
(Active users/sector/MHz)





			Indoor


			50


			150


			142





			Microcellular


			40


			80


			73





			Base coverage urban


			40


			70


			69





			High speed


			30


			95


			82








Table 10
VoIP capacity for FDD & TDD RIT
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_1340102750/Link_Budget_3GPP_NLOS_TDD_v4_final.xlsx

Indoor hotspot


						3GPP - NLOS - TDD - Indoor hotspot


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			46933			1600


						Transmission bit rate for data channel (bit/s)			4650676			371520


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.23			0.52


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			21			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			24			21


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			0			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			21			20


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			21			20


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			0


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-174			-174.9


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-174			-174.9


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			36000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			36000000			1800000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-90.65			-115.45


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-90.65			-105.45


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.6


			19b			(19b) Required SNR for the data channel (dB) 			-1.6			-2.3


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-92.85			-124.05


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-90.75			-106.25


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			113.85			144.05


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			111.75			126.25


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			3			3


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			2.8			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.93			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			110.05			141.05


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			109.82			123.25


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			107			>200


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			106			>200


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			35968			36170


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			35299			36170


						Comments


			25a			Note: Link budget on the UL does not require any margins and is DL limited. 








Urban micro


						3GPP - NLOS - TDD - Urban micro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			41			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			44			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			58			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			58			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.5


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-5.5


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-94.64			-116.91


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-92.64			-108.49


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			152.64			156.91


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			150.64			148.49


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			3.1			3.16


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			1.32			1.32


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			148.54			150.75


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			148.32			144.17


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1401			1613


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1384			1065


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			6166321			8173698.2373094


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			6017582.3952256			3563272.866735


						Comments








Urban macro


						3GPP - NLOS - TDD - Urban macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			30			30


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			46			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			63			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.1


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-5.1


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-94.64			-116.51


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-92.64			-108.09


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.64			156.51


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			155.64			148.09


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			6			6


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			8.1			8.1


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.9			4.9


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			139.54			136.41


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			140.74			131.19


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1173			975


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1260			717


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			4322608			2986476.465375


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			4987592.41176			1615058.1981414


						Comments








Rural macro


						3GPP - NLOS - TDD - Rural macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			120			120


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			46			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			63			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-9.9


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-4.8


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-94.64			-116.31


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-92.64			-107.79


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.64			156.31


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			155.64			147.79


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			8			8


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			6.7			10.5


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.7			6.7


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			140.94			133.81


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			138.94			129.09


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			3210			2631


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			3570			1980


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			32371284			21746609.7736086


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			40039283.52774			12316299.62904


						Comments








Suburban macro


						3GPP - NLOS - TDD - Suburban macro


						Item			Downlink			Uplink


						System configuration


						Carrier frequency (GHz)			2			2


						BS antenna heights (m)			35			35


						UT antenna heights (m)			1.5			1.5


						Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3 or 90			3 or 90


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			46			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			49			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			63			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-9.9


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-4.8


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-94.64			-116.31


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-92.64			-107.79


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.64			156.31


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			155.64			147.79


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			8			8


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			10.5			10.5


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.7			6.7


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			137.14			133.81


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			138.94			129.09


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1710			1402


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1900			1055


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			9186331			6175126.9809304


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			11341149.286			3496671.103615


						Comments








Urban micro O-to-I


						3GPP - NLOS - TDD - Urban micro O-to-I


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44800			1600


						Transmission bit rate for data channel (bit/s)			2248233			74880


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			O-to-I (NLoS)			O-to-I (NLoS)


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			41			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			44			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			58			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			58			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-92.44			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.5


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-5.5


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-94.64			-116.91


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-92.64			-108.49


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			152.64			156.91


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			150.64			148.49


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			7			7


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			7.1			7.1


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.2			4.2


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			20			20


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			124.54			126.81


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			125.44			121.29


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			214.5			243.1


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			226.5			171.1


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			144545			185660.614253686


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			161170.76896335			91970.783099446


						Comments
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Indoor hotspot


						IEEE - NLOS - FDD - Indoor hotspot


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			89,600			1,200


						Transmission bit rate for data channel (bit/s)			16,955,780			2,520,745


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.8969262052			0.8000536385


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			15			18


			3			(3) Total transmit power = function of (1) and (2) (dBm)			21			21


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			0			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2734			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			18			20


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			17.7266			20


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			0


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 			-174			-174


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-174			-174





			16a			(16a) Total noise plus interference density for control channe			-166.21			-167.81


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





			16b			(16b) Total noise plus interference density for data channel			-166.21			-167.81


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18904320			3150720





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18904320			3150720





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-93.44			-102.82





			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.44			-102.82





			19a			(19a) Required SNR for the control channel (dB) 			-0.56			-2.48


			19b			(19b) Required SNR for the data channel (dB) 			1.23			-0.5


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-92.00			-103.30


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-90.71			-101.82


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			110.00			123.30


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			108.44			121.82


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			2.8			2.8





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			2.8			2.8





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			106.20			117.50


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			104.64			116.02


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			87.44			159.42


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			80.46			147.37


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			24019.8429311834			79842.7478051906


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			20338.0786163542			68228.8470204549


						Comments








Urban micro


						IEEE - NLOS - FDD - Urban micro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			89,600			12,00


						Transmission bit rate for data channel (bit/s)			5,849,421			611,334


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.6188448989			0.7761197441


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			35			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			41			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2734			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			55			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			54.7266			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-165			-166





			16a			(16a) Total noise plus interference density for control channe			-162.88			-164.24


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





			16b			(16b) Total noise plus interference density for data channel			-162.88			-164.24


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9452160			787680





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9452160			787680





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-93.12			-105.27





			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.12			-105.27





			19a			(19a) Required SNR for the control channel (dB) 			-1.57			-4.1


			19b			(19b) Required SNR for the data channel (dB) 			-1.68			-1.14


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-92.69			-107.37


						 = (18a) + (19a) + (20) – (21a) 


			22b			(22b) Receiver sensitivity for data channel 			-93.30			-104.91


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			147.69			147.37


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			148.03			144.91


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			3.1			3.1





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			3.1			3.1





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			143.59			141.27


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			143.93			138.81


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1031			891.55


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1053.4			763.9


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			3339390			2497130.70011962


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			3486073.12947446			1833255.03031625


						Comments








Urban macro O-to-I


						IEEE - NLOS - FDD - Urban macro O-to-I


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			89,600			1,200


						Transmission bit rate for data channel (bit/s)			5,849,421			611,334


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.6188448989			0.7761197441


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			30			30


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			40			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2734			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			59.7266			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 			-165			-166


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-165			-166





			16a			(16a) Total noise plus interference density for control channe			-162.88			-164.24


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





			16b			(16b) Total noise plus interference density for data channel			-162.88			-164.24


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9452160			787680





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9452160			787680





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-93.12			-105.27





			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.12			-105.27





			19a			(19a) Required SNR for the control channel (dB) 			-1.95			-3.97


			19b			(19b) Required SNR for the data channel (dB) 			-0.24			-0.59


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-93.07			-107.24


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-91.86			-104.36


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			153.07			147.24


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			151.59			144.36


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			7.8			7.8


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			8.1			8.1





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			8.1			8.1





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			134.97			127.14


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			133.49			124.26


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			892.47			562.91


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			817.87			475.03


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			2502287			995469.121282216


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			2101446.90606115			708911.368591533


						Comments








Rural macro


						IEEE - NLOS - FDD - Rural macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) 			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) 			90%			90%


						Transmission bit rate for control channel (bit/s)			89,600			1,200


						Transmission bit rate for data channel (bit/s)			5,849, 421			611,334


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.6188			0.7761


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			120			120


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			4			2


			2			(2) Maximal transmit power per antenna (dBm)			40			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0.2743			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			59.7257			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) 			-165			-166


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-165			-166





			16a			(16a) Total noise plus interference density for control channe			-162.88			-164.24


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





			16b			(16b) Total noise plus interference density for data channel			-162.88			-164.24


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





			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9452160			787680





			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9452160			787680





			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-93.12			-105.27





			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.12			-105.27





			19a			(19a) Required SNR for the control channel (dB) 			-1.19			-2.42


			19b			(19b) Required SNR for the data channel (dB) 			-1.06			1.03


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-92.31			-105.69


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-92.68			-102.74


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			152.31			145.69


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			152.41			142.74


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			9.4			9.4


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			10.4			10.4





			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			10.4			10.4





			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			131.91			123.29


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			132.01			120.34


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			2362.84			1412.4


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			2375.49			1184.79


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			17539552			6267080.64235018


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			17727858.5704479			4409939.43664221


						Comments
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Indoor hotspot


						3GPP - NLOS - FDD - Indoor hotspot


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44000			4000


						Transmission bit rate for data channel (bit/s)			4125600			928800


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.23			0.52


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			18			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			21			21


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			0			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			18			20


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			18			20


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			0


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-174			-174.9


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-174			-174.9


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			1800000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-93.66			-115.45


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.66			-105.45


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.6


			19b			(19b) Required SNR for the data channel (dB) 			-1.6			-2.3


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-95.86			-124.05


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-93.76			-106.25


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			113.86			144.05


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			111.76			126.25


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			3			3


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			2.8			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.93			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			110.06			141.05


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			109.83			123.25


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			107.3			>200


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			106			>200


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			36170			36170


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			35299			36170


						Comments


			25a			Note: Link budget in the UL does not require any margins and is DL limited. 








Urban micro


						3GPP - NLOS - FDD - Urban micro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			38			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			41			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			55			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			55			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.5


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-5.5


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-97.65			-116.91


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.65			-108.49


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			152.65			156.91


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			150.65			148.49


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			3.1			3.14


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			1.32			1.33


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			148.55			150.77


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			148.33			144.16


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1401			1613


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1384			1065


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			6166321			8173698.2373094


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			6017582.3952256			3563272.866735


						Comments








Urban macro


						3GPP - NLOS - FDD - Urban macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			30			30


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			43			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			60			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.1


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-5.1


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-97.65			-116.51


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.65			-108.09


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.65			156.51


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			155.65			148.09


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			6			6


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			8.1			8.1


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.9			4.9


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			139.55			136.41


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			140.75			131.19


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1173			975


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1260			717


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			4322608			2986476.465375


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			4987592.41176			1615058.1981414


						Comments








Rural macro


						3GPP - NLOS - FDD - Rural macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			120			120


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			43			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			60			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-9.9


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-4.8


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-97.65			-116.31


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.65			-107.79


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.65			156.31


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			155.65			147.79


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			8			8


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			10.5			10.5


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.7			6.7


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			137.15			133.81


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			138.95			129.09


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			3210			2631


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			3570			1980


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			32371284			21746609.7736086


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			40039283.52774			12316299.62904


						Comments








Suburban macro


						3GPP - NLOS - FDD - Suburban macro


						Item			Downlink			Uplink


						System configuration


						Carrier frequency (GHz)			2			2


						BS antenna heights (m)			35			35


						UT antenna heights (m)			1.5			1.5


						Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			NLoS			NLoS


						Mobile speed (km/h)			3 or 90			3 or 90


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			43			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			60			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-9.9


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-4.8


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-97.65			-116.31


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.65			-107.79


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.65			156.31


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			155.65			147.79


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			8			8


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			10.5			10.5


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.7			6.7


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			9			9


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			137.15			133.81


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			138.95			129.09


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1710			1402


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1900			1055


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			9186331			6175126.9809304


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			11341149.286			3496671.103615


						Comments








Urban micro O-to-I


						3GPP - NLOS - FDD - Urban micro O-to-I


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			O-to-I (NLoS)			O-to-I (NLoS)


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			38			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			41			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			55			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			55			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.2			-10.5


			19b			(19b) Required SNR for the data channel (dB) 			-1.7			-5.5


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-97.65			-116.91


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-95.65			-108.49


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			152.65			156.91


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			150.65			148.49


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			7			7


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			7.1			7.1


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.2			4.2


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			20			20


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			124.55			126.81


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			125.45			121.29


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			214.5			243.1


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			226.5			171.1


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			144545			185660.614253686


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			161170.76896335			91970.783099446


						Comments
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4.2.4.1 
Compliance template for services
 (IEEE TDD)


			


			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".



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report.





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report. 





			4.2.4.1.1.2


			Support of rich conversational service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report.





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report.








4.2.4.2 
Compliance template for spectrum2


			


			Spectrum capability requirements





			4.2.4.2.1


			Spectrum bands



Is the proposal able to utilize at least one band identified for IMT?: 
 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO



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


See Section 9.6 of the Final Report. A number of bands (2300-2400 MHz, 2596-2690 MHz, 3400-3600 MHz, etc.), as identified for IMT in the ITU-R Radio Regulations are supported.








4.2.4.3 
Compliance template for technical performance2


			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?


			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


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.4 of the Final Report.





			


			


			Uplink


			2.25


			5.20


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			2.6


			3.45


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.8


			2.60


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.62


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.4


			2.38


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			1.1


			3.58


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.7


			2.45


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Not applicable


			Downlink


			15


			15.52


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.1.1 of the Final Report.





			


			


			Uplink


			6.75


			8.87


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			Upto 100 MHz supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.5 of the Final Report.





			


			


			Scalability


			Support of at least three band-width values(4)


			Upto 5 (5, 7, 8.75, 10 & 20 MHz) supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.7 of the Final Report.








			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?


			Comments









			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			0.1


			0.235


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.6 of the Final Report. 





			


			


			Uplink


			0.07


			0.361


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			0.075


			0.087


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.05


			0.137


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.071


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.03


			0.113


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			0.04


			0.095


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.015


			0.125


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			< 81 ms (idle-to-active).


< 31 ms  (total C-plane connection establishment delay).


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 9.2 of the Final Report.





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			7.32 ms at 10% HARQ BLER.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 9.3 of the Final Report.





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.6 of the Final Report. 





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Indoor


			Uplink


			1.0


			3.46 (avg over NLOS, LOS)


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.6 of the Final Report.





			


			Microcellular


			Uplink


			0.75


			1.49 (avg over NLOS, LOS)


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			0.55


			1.42 (avg over NLOS, LOS)


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			0.25


			1.39 (avg over NLOS, LOS)


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			








			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?


			Comments





			


			Test environment


			Downlink or
uplink


			


			


			


			





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


			Not applicable


			Not applicable


			27.5


			0-15 ms


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.2 of the Final Report.





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


			Not applicable


			Not applicable


			40


			5-35 ms


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.2 of the Final Report.





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


			Not applicable


			Not applicable


			60


			5-35 ms


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.2 of the Final Report.





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			Not applicable


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.3 of the Final Report.





			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


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.7 of the Final Report.





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			84


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			78


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			99


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.
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�	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
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_1340102747/Link_Budget_3GPP_LOS_FDD_v4_final.xlsx

Indoor hotspot


						3GPP - LOS - FDD - Indoor Hotspot


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			44000			4000


						Transmission bit rate for data channel (bit/s)			4125600			928800


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.23			0.52


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			18			21


			3			(3) Total transmit power = function of (1) and (2) (dBm)			21			21


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			0			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			18			20


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			18			20


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			0


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-174			-174.9


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-174			-174.9


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-166.21			-168.01


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			18000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			18000000			1800000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-93.66			-115.45


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.66			-105.45


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-5.1			-12


			19b			(19b) Required SNR for the data channel (dB) 			-4			-3.9


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-96.76			-125.45


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-96.16			-107.85


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			114.76			145.45


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			114.16			127.85


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			3			3


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			113.76			142.45


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			113.16			124.85


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			>100.0(ii)			>100.0(ii)


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			>100.0(ii)			>100.0(ii)


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			>3.14E+04(ii)			>3.14E+04(ii)


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			>3.14E+04(ii)			>3.14E+04(ii)


						Comments


			25a			Note: The path loss is too small (77.2 dB); and there is no need for additional margin at a distance d=100m.








Urban micro


						3GPP - LOS - FDD - Urban micro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			38			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			41			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			55			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			55			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-5.9			-12


			19b			(19b) Required SNR for the data channel (dB) 			-4.3			-7.3


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-99.35			-118.41


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-98.25			-110.29


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			154.35			158.41


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			153.25			150.29


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			3			3


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			1.8			1.8


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.3			0.3


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			151.55			153.61


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			151.95			146.99


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			7380			8310


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			7545			5670


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			171104956			216946132.74486


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			178841520.480015			100998746.33814


						Comments








Urban macro


						3GPP - LOS - FDD - Urban macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			30			30


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			43			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			60			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-6.2			-11.9


			19b			(19b) Required SNR for the data channel (dB) 			-4.4			-7.2


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-99.65			-118.31


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-98.35			-110.19


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			159.65			158.31


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			158.35			150.19


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			4			4


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			3.4			3.4


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			158.65			155.31


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			153.95			143.79


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			5000			5000


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			5000			4420


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			78539815			78539815


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			78539815			61375409.67064


						Comments


			25a			No need for margin as the pathloss is small at the cell edge. 


			30a			Max range exceeds 5000 by a large margin. 








Rural macro


						3GPP - LOS - FDD - Rural macro


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			120			120


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			43			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			60			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.4			-11.8


			19b			(19b) Required SNR for the data channel (dB) 			-3.8			-6.9


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-97.85			-118.21


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-97.75			-109.89


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.85			158.21


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			157.75			149.89


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			6			6


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			156.85			155.21


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			156.75			146.89


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			10000			10000


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			10000			10000


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			314159260			314159260


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			314159260			314159260


						Comments


			25a			No need for margin as the pathloss is small at the cell edge. 


			30a			Max range exceeds 10000 by a large margin. 








Suburban macro


						3GPP - LOS - FDD - Suburban macro


						Item			Downlink			Uplink


						System configuration


						Carrier frequency (GHz)			2			2


						BS antenna heights (m)			35			35


						UT antenna heights (m)			1.5			1.5


						Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			LoS			LoS


						Mobile speed (km/h)			3 or 90			3 or 90


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			43			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			46			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			60			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			60			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-4.4			-11.8


			19b			(19b) Required SNR for the data channel (dB) 			-3.8			-6.9


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-97.85			-118.21


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-97.75			-109.89


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			157.85			158.21


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			157.75			149.89


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			6			6


						Penetration loss std deviation (dB)			5			5


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			0			0


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0			0


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			0			0


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			156.85			155.21


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			156.75			146.89


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			5000			5000			 


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			5000			5000


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			78539815			78539815


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			78539815			78539815


						Comments


			25a			No need for extra margin as the pathloss is small at the cell edge (around 129 dB).


			30a			Max range exceeds 5000 by a large margin.








Urban micro O-to-I


						3GPP - LOS - FDD - Urban micro O-to-I


						Item			Downlink			Uplink


						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) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			95%			95%


						Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )			90%			90%


						Transmission bit rate for control channel (bit/s)			42000			4000


						Transmission bit rate for data channel (bit/s)			1994400			187200


						Target packet error rate for the required SNR in item (19a) for control channel			1%			1%


						Target packet error rate for the required SNR in item (19b) for data channel			10%			10%


						Spectral efficiency(2) (bit/s/Hz)			0.22			0.21


						Pathloss model(3) (select from LoS or NLoS)			O-to-I (LoS)			O-to-I (LoS)


						Mobile speed (km/h)			3			3


						Feeder loss (dB)			2			2


						Transmitter


			1			(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			1


			2			(2) Maximal transmit power per antenna (dBm)			38			24


			3			(3) Total transmit power = function of (1) and (2) (dBm)			41			24


						(The value shall not exceed the indicated value in Table 6 of Report


						ITU-R M.2135)


			4			(4) Transmitter antenna gain (dBi)			17			0


			5			(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			(6) Control channel power boosting gain (dB)			0			0


			7			(7) Data channel power loss due to pilot/control boosting (dB)			0			0


			8			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3			1


			9a			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			55			23


			9b			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			55			23


						Receiver


			10			(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)			2			4


			11			(11) Receiver antenna gain (dBi)			0			17


			12			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1			3


			13			(13) Receiver noise figure (dB)			7			5


			14			(14) Thermal noise density (dBm/Hz)			-174			-174


			15a			(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )			-169.3			-161.7


			15b			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.3			-165.7


						(See 3GPP note at bottom of the table (i) )


			16a			(16a) Total noise plus interference density for control channe			-164.99			-160.96


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


						(See 3GPP note at bottom of the table (i) )


			16b			(16b) Total noise plus interference density for data channel			-164.99			-164.03


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


						(See 3GPP note at bottom of the table (i) )


			17a			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			9000000			180000


						(See 3GPP note at bottom of the table (i) )


			17b			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			9000000			900000


						(See 3GPP note at bottom of the table (i) )


			18a			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-95.45			-108.41


						(See 3GPP note at bottom of the table (i) )


			18b			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-95.45			-104.49


						(See 3GPP note at bottom of the table (i) )


			19a			(19a) Required SNR for the control channel (dB) 			-5.9			-12


			19b			(19b) Required SNR for the data channel (dB) 			-4.3			-7.3


			20			(20) Receiver implementation margin (dB)			2			2


			21a			(21a) H-ARQ gain for control channel (dB)			0			0


			21b			(21b) H-ARQ gain for data channel (dB)			0.5			0.5


			22a			(22a) Receiver sensitivity for control channel			-99.35			-118.41


						         = (18a) + (19a) + (20) – (21a)  dBm


			22b			(22b) Receiver sensitivity for data channel 			-98.25			-110.29


						         = (18b) + (19b) + (20) – (21b)  dBm


			23a			(23a) Hardware link budget for control channel 			154.35			158.41


						         = (9a) + (11) − (22a)   dB


			23b			(23b) Hardware link budget for data channel 			153.25			150.29


						          = (9b) + (11) − (22b)  dB


						Calculation of available pathloss


			24			(24) Lognormal shadow fading std deviation (dB)			7			7


			25a			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			6.9			6.9


						(See 3GPP note at bottom of the table (i) )


			25b			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4			4


						(See 3GPP note at bottom of the table (i) )


			26			(26) BS selection/macro-diversity gain (dB)			0			0


			27			(27) Penetration margin (dB)			20			20


			28			(28) Other gains (dB) (if any please specify)			0			0


			29a			(29a) Available path loss for control channel 			126.45			128.51


						         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB


			29b			(29b) Available path loss for data channel 			128.25			123.29


						          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB


						Range/coverage efficiency calculation


			30a			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			1200			1353


			30b			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1334			1001


			31a			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			4523893			5751027.6878934


			31b			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			5590639.9608856			3147878.9267926


						Comments
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4.2.4.1 
Compliance template for services
 (IEEE FDD)


			


			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".



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report.





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report. 





			4.2.4.1.1.2


			Support of rich conversational service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report.





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 9.8 of the Final Report.








4.2.4.2 
Compliance template for spectrum2


			


			Spectrum capability requirements





			4.2.4.2.1


			Spectrum bands



Is the proposal able to utilize at least one band identified for IMT?: 
 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO



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


See Section 9.6 of the Final Report. A number of bands (698-862 MHz, 1710-1770 and 2110-2170 MHz, 2500-2690 MHz, 3400-3600 MHz, etc.), as identified for IMT in the ITU-R Radio Regulations are supported.








4.2.4.3 
Compliance template for technical performance2


			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?


			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


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.4 of the Final Report. 





			


			


			Uplink


			2.25


			5.40


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			2.6


			3.72


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.8


			2.66


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.99


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.4


			2.46


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			1.1


			3.58


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.7


			2.54


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Not applicable


			Downlink


			15


			17.21


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.1.1 of the Final Report.





			


			


			Uplink


			6.75


			9.31


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			Upto 100 MHz supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.5 of the Final Report.





			


			


			Scalability


			Support of at least three band-width values(4)


			Upto 5 (5, 7, 8.75, 10 & 20 MHz) supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.7 of the Final Report.








			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?


			Comments









			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			0.1


			0.239


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.5 of the Final Report. 





			


			


			Uplink


			0.07


			0.377


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			0.075


			0.145


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.05


			0.141


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.0745


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.03


			0.117


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			0.04


			0.095


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.015


			0.130


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			< 81 ms (idle-to-active).


< 31 ms  (total C-plane connection establishment delay).


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 9.2 of the Final Report.





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			5.13 ms at 10% HARQ BLER.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 9.3 of the Final Report.





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.6 of the Final Report. 





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Indoor


			Uplink


			1.0


			3.6 (avg over NLOS, LOS) 


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.6 of the Final Report.





			


			Microcellular


			Uplink


			0.75


			1.77 (avg over NLOS, LOS)


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			0.55


			1.48 (avg over NLOS, LOS)


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			0.25


			1.44 (avg over NLOS, LOS)


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			








			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?


			Comments





			


			Test environment


			Downlink or
uplink


			


			


			


			





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


			Not applicable


			Not applicable


			27.5


			0-15 ms


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.2 of the Final Report.





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


			Not applicable


			Not applicable


			40


			5-35 ms


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.2 of the Final Report.





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


			Not applicable


			Not applicable


			60


			5-35 ms


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.2 of the Final Report.





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			Not applicable


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.4.3 of the Final Report.





			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


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 9.9.7 of the Final Report. 





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			80


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			74


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			96


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.
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�	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
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4.2.4.1 
Compliance template for services
 (LTE TDD)


			


			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".



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report.





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report. 





			4.2.4.1.1.2


			Support of rich conversational service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report.





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report.








4.2.4.2 
Compliance template for spectrum2


			


			Spectrum capability requirements





			4.2.4.2.1


			Spectrum bands



Is the proposal able to utilize at least one band identified for IMT?: 
 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO



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


See Section 8.6 of the Final Report. A number of bands (e.g. 1850-1910 MHz, 1930-1990 MHz, 2300-2400 MHz, 2570-2620 MHz, 3400-3600 MHz, etc.) are supported.








4.2.4.3 
Compliance template for technical performance2


			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?


			Comments



 





			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			3


			3.93


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.4 of the Final Report. 





			


			


			Uplink


			2.25


			3.595


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			2.6


			2.76


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.8


			2.12


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.27


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.4


			1.7


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			1.1


			2.13


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.7


			2.17


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Not applicable


			Downlink


			15


			15.65


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.1.2 of the Final Report.





			


			


			Uplink


			6.75


			7.91


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			Upto 100 MHz supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.5 of the Final Report.





			


			


			Scalability


			Support of at least three band-width values(4)


			Upto 6 (1.4, 3, 5, 10, 15 & 20 MHz) supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.7 of the Final Report.








			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?


			Comments









			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			0.1


			0.19


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.5 of the Final Report. 





			


			


			Uplink


			0.07


			0.252


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			0.075


			0.09


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.05


			0.089


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.074


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.03


			0.083


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			0.04


			0.081


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.015


			0.106


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			< 50 ms (idle-to-connected).


9.5 ms  (dormant-to-active).


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 8.2 of the Final Report.





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			9.5 ms at 10% HARQ BLER for UL/DL configuration 5 (worst-case).


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 8.3.2 of the Final Report.





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.6 of the Final Report.





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Indoor


			Uplink


			1.0


			>2


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.6 of the Final Report.





			


			Microcellular


			Uplink


			0.75


			1.265


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			0.55


			1.195


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			0.25


			1.255


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			








			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?


			Comments





			


			Test environment


			Downlink or
uplink


			


			


			


			





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


			Not applicable


			Not applicable


			27.5


			15 ms for TDD configuration #5 (worst case). 


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.1 of the Final Report.





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


			Not applicable


			Not applicable


			40


			15 ms for TDD configuration #5 (worst case).


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.1 of the Final Report.





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


			Not applicable


			Not applicable


			60


			15 ms for TDD configuration #5 (worst case).


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.1 of the Final Report.





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			Not applicable


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.2 of the Final Report.





			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


			130


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.7 of the Final Report.





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			72


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			68


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			81


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.
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�	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
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4.2.4.1 
Compliance template for services
 (LTE FDD)


			


			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".



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report.





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report. 





			4.2.4.1.1.2


			Support of rich conversational service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report.





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                    FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO


			See Section 8.8 of the Final Report.








4.2.4.2 
Compliance template for spectrum2


			


			Spectrum capability requirements





			4.2.4.2.1


			Spectrum bands



Is the proposal able to utilize at least one band identified for IMT?: 
 FORMCHECKBOX 
YES /  FORMCHECKBOX 
NO



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


See Section 8.6 of the Final Report. A number of bands (698-960 MHz, 1710-2025 and 2110-2200 MHz, 2500-2690 MHz, 3400-3600 MHz, etc.) are supported.








4.2.4.3 
Compliance template for technical performance2


			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?


			Comments



 





			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			3


			4.06


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.4 of the Final Report.





			


			


			Uplink


			2.25


			3.46


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			2.6


			2.87


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.8


			2.23


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.37


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			1.4


			1.58


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			1.1


			2.08


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.7


			1.99


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Not applicable


			Downlink


			15


			16.16


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.1.2 of the Final Report.





			


			


			Uplink


			6.75


			8.42


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			Upto 100 MHz supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.5 of the Final Report.





			


			


			Scalability


			Support of at least three band-width values(4)


			Upto 6 (1.4, 3, 5, 10, 15 & 20 MHz) supported.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.7 of the Final Report.








			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?


			Comments









			


			Test environment


			Downlink or uplink


			


			


			


			





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


			Indoor


			Downlink


			0.1


			0.2045


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.5 of the Final Report.





			


			


			Uplink


			0.07


			0.25


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Microcellular


			Downlink


			0.075


			0.093


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.05


			0.087


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.069


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.03


			0.081


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Downlink


			0.04


			0.083


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			


			Uplink


			0.015


			0.104


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			< 50 ms (idle-to-connected).


9.5 ms  (dormant-to-active).


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 8.2 of the Final Report.





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			4.8 ms at 10% HARQ BLER.


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See section 8.3.1 of the Final Report.





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.6 of the Final Report.





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





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


			Indoor


			Uplink


			1.0


			>2.0


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.6 of the Final Report.





			


			Microcellular


			Uplink


			0.75


			1.38


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			Uplink


			0.55


			1.215


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			Uplink


			0.25


			1.275


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			








			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?


			Comments





			


			Test environment


			Downlink or
uplink


			


			


			


			





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


			Not applicable


			Not applicable


			27.5


			10.5 ms (mean value). 


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.1 of the Final Report.





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


			Not applicable


			Not applicable


			40


			10.5 ms (no significant difference from intra-frequency HO).  


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.1 of the Final Report.





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


			Not applicable


			Not applicable


			60


			10.5 ms (no significant difference from intra-frequency HO).  


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.1 of the Final Report.





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			Not applicable


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.4.2 of the Final Report.





			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


			130


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			See Section 8.9.7 of the Final Report. 





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			76


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			70


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			93


			 FORMCHECKBOX 

Yes
 FORMCHECKBOX 

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.
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�	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
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