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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 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 – 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 since they are both technology neutral). 

At the outset, the CEG established an official list of participants and an “unofficial” list of contributors – who are required occasionally to help the participants answer questions or perform complex technical analyses in specific cases. The rules and procedures that govern the CEG work are 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 cannot participate in the work of the CEG. 

The CEG has 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 1. Thus “coordinators” were appointed for each of the requirements (in some cases one coordinator will look after several requirements) and it is the coordinator’s responsibility to produce a report on the requirement to which he/she has committed. In this task, the coordinator is helped by others who volunteered to perform some portion of the work (if not all of it).  

The method of work includes:

1)
Formal meetings at the CEG Plenary level. 

2)
Generation of detailed reports (containing analyses, theoretical calculations, etc.) that are 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

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. 

The CEG’s members are shown in Table 1. 

Table 1

Matrix of Responsibilities
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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 has evaluated parts of 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 sub-working group (SWG) EVAL 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. 

Editor’s note: Consider introducing the compliance templates here or in a new Section 8.14.

8.1
Peak Spectral Efficiency – FDD and TDD

The CEG undertook two studies. One study shows results that are slightly lower than the ITU requirement of 15 b/s/Hz, while the second study approximately confirms the self-analysis.  
8.1.1
Study 1

The CEG made a comprehensive study of the submission. In TS 36.306 (v8.5.0), Table 4.1-1 states that the maximum transport block bits within a TTI is 299552, which yields a peak spectral efficiency of 14.9776 b/s/Hz ( 299552 / ( 1 ms * 20 MHz) ) for FDD-D/L, which is slightly lower than the ITU requirement of 15 b/s/Hz. 

8.1.2
Study 2

The CEG has also undertaken an analysis of Peak Spectral Efficiency.

Table 2 presents the numbers for downlink (DL) peak spectral efficiency for both the FDD and TDD components.

Table 2

Illustrating the DL peak spectral efficiency numbers for 3GPP FDD and TDD 

	Scheme
	DL FDD RIT

Spectral efficiency [b/s/Hz]
	DL TDD RIT

Spectral efficiency [b/s/Hz]

	ITU Requirement
	15
	15

	3GPP value for Rel-8 4-layer spatial multiplexing
(RP-090747 §4.2.4.3.2
RP-090743 Table 16.1-1, RP-090743 Table 16.1-2)
	16.3
	16.0

	CEG assessment
	16.2
	15.7

	3GPP value for Rel-8 8-layer spatial multiplexing
(RP-090743 Table 16.1-1, RP-090743 Table 16.1-2
	30.6
	30.0

	CEG assessment
	30.6
	29.8


Table 3 presents the numbers for uplink (UL) peak spectral efficiency for both the FDD and TDD components. 

Table 3

Illustrating the UL peak spectral efficiency numbers for 3GPP FDD and TDD

	Scheme
	UL FDD RIT

Spectral efficiency [b/s/Hz]
	UL TDD RIT

Spectral efficiency [b/s/Hz]

	ITU Requirement
	6.75
	6.75

	3GPP value for Rel-8 2-layer spatial multiplexing
((RP-090747 §4.2.4.3.2
RP-090743 Table 16.1-3, RP-090743 Table 16.1-4)
	8.4
	8.1

	CEG assessment
	8.4
	8.2

	3GPP value for Rel-8 4-layer spatial multiplexing
(RP-090743 Table 16.1-3, RP-090743 Table 16.1-4
	16.8
	16.1

	CEG assessment
	16.8
	16.4


This CEG evaluation of the 3GPP proposal shows consistent results that fully met the ITU-R Minimum Requirement. 
8.1.3
Peak spectral efficiency – FDD and TDD analysis

The basic equations used by the CEG were:

OH_DL = DL_Overhead_factor = PDCCH factor + CRS factor + PBCH factor + 

CSI-RS factor + 8 layer DRS factor

OH_UL_Overhead_factor = PUCCH factor + PRACH factor

OH_DRS = UL DRS_Overhead_factor

T_TX = Transmission time per frame

for FDD
=
1

for TDD DL
=
(DL symbols per frame + GP) / potential symbols_per_frame

for TDD UL
=
(UL symbols per frame + GP) / potential symbols_per_frame

DL Peak Spectral Efficiency = subcarriers_per_carrier * OFDM_symbols_per_subcarrier_per_second * bits_per_symbol * spatial_multiplexing * channel_code_rate * (1 – OH_DL) / (T_TX * bandwidth)

UL Peak Spectral Efficiency = subcarriers_per_carrier * OFDM_symbols_per_subcarrier_per_second * bits_per_symbol * spatial_multiplexing * channel_code_rate * (1 – OH_UL) * (1 – OH_DRS) / (T_TX * bandwidth)

The basic parametric values used were:

Bandwidth

= 20 MHz

Subcarriers_per_carrier

= 1200

OFDM_symbols_per_subcarrier_per_second
= 140 * 100   (FDD)


=   80 * 100 (TDD DL)


=   58 * 100 (TDD UL)

Bits_per_symbol (64 QAM)

= 6

Spatial_multiplexing

= 4 or 8 (DL) and 2 or 4 (UL)

Channel_code_rate

= 1

PDCCH factor

= 1 / 14 (FDD)


= 6 / 80 (TDD)

CRS factor

= 20 / (12 * 14)           (4 layer FDD)


= (2/5) * 6 / (12 * 14)  (8 layer) FDD


= 6 * 20 / (12 * 80)      (4 layer TDD)


= (4/6) * 6 / (12 * 80)  (8 layer TDD)

PBCH factor

= 528 / (1200*14*10) (4 layer FDD)


= 564 / (1200*14*10) (8 layer FDD)


= 528 / (1200*80)       (4 layer TDD)


= 564 / (1200*80)       (8 layer TDD)

DL DRS factor

= 24 / (12 * 14)           (8 layer FDD)


= 6*24 / (12 * 80)        (8 layer TDD)

DL CSI-RS factor

= 0.0048 or 0.0096    (4 or 8 layer FDD)


= 0.0084 or 0.0168    (4 or 8 layer TDD)

PUCCH factor

= 0.02

PRACH factor

= 0.006 (FDD)


= 0.015 (TDD)

UL DRS _Overhead factor

= 1 / 7

FDD symbols per frame

= 140

TDD potential symbols per frame
= 140

TDD DL symbols per frame

= 81   (incl 1 GP)

TDD UL symbols per frame

= 59   (incl 1 GP)

8.2
Control Plane Latency

[To be completed]

8.3
User Plane Latency

[To be completed]

8.4
Handover

The CEG concludes that the 3GPP claims for handover are verified as being compliant to the ITU-R requirements, however we note that the TDD interruption time will be slightly larger than the FDD example from 3GPP and 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 to 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 in 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, as follows. 

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 last 1 ms.

Figure 1

RACH Scheduling Delay for Specific Subframes.
[image: image3.emf]TDD Configuration #2
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In this TDD configuration #2, 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 4 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 4

RACH Scheduling Delay for TDD Configurations.
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For the “worst” configuration (TDD config #5) the mean delay would be 5 ms (worst-case delay 10 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.

It can be concluded that the 3GPP claims for handover are verified as being compliant to 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, 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 provided 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, 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, 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 (for example, the 3400-3600 MHz band).  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, 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, 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 1 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 2 for convenience.

Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1.1, 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, 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), 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), 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), 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), 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
Cell spectral efficiency

[To be completed]

8.10
Cell-edge spectral efficiency

[To be completed]

8.11
Mobility

[To be completed]

8.12
VoIP Capacity

[To be completed]

8.13
Link budgets

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

8.13.1
Percentage of Coverage Area Calculation

To determine the percentage of coverage area, the well-known signal path-loss expression is used: 
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where [image: image7.png]


is a zero-mean Gaussian distributed random variable (in dB) with standard deviation [image: image9.png]


, n is the pathloss exponent  (1 ≤n≤5), and [image: image11.png]


 is pathloss at some reference distance. Also, the received signal power, at distance d can be expressed as: 

[image: image12.png]EIRP[dBm] — PL(d)[dB]




Therefore, the received power is a normally distributed random variable and the probability that the received signal level will exceed 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: image15.png]


 is the mean pathloss. Given that the probability that signal is lower than S (outage) is:
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We can calculate the shadowing margin at some distance d=D for a given cell boundary outage as: 
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Now that we have determined the boundary conditions, we can determine the proportion of the cell area that has the signal level higher than S (coverage area). This is obtained by 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: 
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the coverage area becomes: 
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8.13.2
Review of ITU-R Link Budget Tables

8.13.2.1
Indoor hotspot deployment

8.13.2.1.1
LOS

For the LOS scenario we have the pathloss given as (Report ITU-R M.2135, pp. 32): 

[image: image24.png]PL(d) = 10nlog(d) + L, = 16.91og(d) + 32.8 + 20log(f.)




with f​c=3.4, and we easily find that n=1.69. Also, from Table 1 (RP-090746), we have:

–
[image: image26.png]


 

–
target cell area reliability Uc(S) =0.95 for control channel and Ud(S) = 0.9 for data channel

–
e.i.r.p. = 18

–
Sensitivity for control and data channel are SC=-98 and SD=-97, respectively
	d (m)
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 (dB)
	Margin (dB)

(data channel)
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	100
	77.23
	37.77
	1
	1

	150
	80.20
	34.79
	1
	1

	1000
	94.13
	20.87
	1
	1


8.13.2.1.2
NLOS

For the NLOS scenario we have the pathloss given as (Report ITU-R M.2135, pp. 32): 

[image: image31.png]PL(d) = 10nlog(d) + L, = 43.3log(d) + 11.5 + 20log(f.)




with f​c=3.4, and we easily find that n=4.33. Also, from Table 1 (RP-090746), we have:

–
[image: image33.png]


 

–
target cell area reliability Uc(S) =0.95 for control channel and Ud(S) = 0.9 for data channel

–
e.i.r.p. = 18

Sensitivity for control and data channel are SC=-97 and SD=-95, respectively
	d (m)
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 (dB)
	Margin (dB)

(data channel)
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	100
	108.73
	4.27
	0.857
	0.973

	108
	110.17
	2.82
	0.76
	0.95

	118
	111.84
	1.16
	0.61
	0.90


NOTE – The LOS pathloss model is valid only for d ≤ 100, the higher values above are just for the purpose of illustration. 

Comment 1: Under LOS condition, and with high EIRP, the pathloss is so small that the lowest average signal level is 37.77 dB above the sensitivity point. Consequently, the coverage is 100%, and there is no need for any shadowing margin. Table 1 in RP-090746 lists margin of 3 dB.

8.13.2.2
Urban microcellular deployment

8.13.2.2.1
LOS

For the LOS scenario we have the pathloss given as (Report ITU-R M.2135, Table A1-2, pp. 33): 

[image: image38.png]22log(d) + 28.0 + 2010g(f). 10m<d<dg,
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with f​c=2.5, and we easily find that n=4. Also, from Table 1 (RP-090746), we have:

–
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–
target cell area reliability Uc(S) =0.95 for control channel and Ud(S) = 0.9 for data channel

–
e.i.r.p. = 55

–
Sensitivity for control and data channel are SC=-99 and SD=-98, respectively

Control channel Table
	d (m)
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 (dB)
	Margin (dB)

(control channel)
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	7600
	152.0
	1.9
	0.74
	0.954

	7660
	152.2
	1.8
	0.72
	0.950

	7700
	152.3
	1.7
	0.71
	0.948


Data channel  Table
	d (m)
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 (dB)
	Margin (dB)

(data channel)
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	7800
	152.52
	0.47
	0.56
	0.907

	7880
	152.7
	0.3
	0.54
	0.900

	7950
	152.85
	0.14
	0.52
	0.89


NOTE – To simplify calculation, only the second part of the pathloss formula is used ([image: image50.png]


, where [image: image52.png]


 for the whole cell. 

Comment 2: For this scenario there is quite a good agreement for both control and data channels as far as margin and coverage is concerned, and the radius is slightly higher, but that could be due to usage of a single formula for the pathloss (see note above). 

8.13.2.2.2
NLOS

For the NLOS scenario with hexagonal cell layout, the pathloss is given as (Report ITU-R M.2135, Table A1-2, pp. 33): 

[image: image53.png]PL(d) = 36.7log(d) + 22.7 + 261og(f.)




with f​c=2.5, and we easily find that n=3.67. Also, from Table 1 (RP-090746), we have:

–
[image: image55.png]



–
target cell area reliability Uc(S) =0.95 for control channel and Ud(S) = 0.9 for data channel

–
e.i.r.p. = 55

–
Sensitivity for control and data channel are SC=-98 and SD=-96, respectively

Control channel Table
	d (m)
	[image: image57.png]PL(d)



 (dB)
	Margin (dB)

(control channel)
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	1400
	148.5
	3.5
	0.81
	0.957

	1430
	148.8
	3.1
	0.78
	0.950

	1500
	149.6
	2.4
	0.72
	0.93


Data channel Table
	d (m)
	[image: image61.png]PL(d)



 (dB)
	Margin (dB)

(data channel)
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	1400
	148.5
	1.5
	0.64
	0.91

	1416
	148.7
	1.3
	0.63
	0.90

	1430
	148.8
	1.15
	0.61
	0.89


Comment 3: For this scenario there is a quite good agreement for both control and data channels as far as margin and coverage is concerned, and the radius is slightly higher, but that could be due to usage of single formula for the pathloss (see note above).

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. 

Editor’s note: Consider introducing the compliance templates here or in a new Section 9.14.

9.1
Peak Spectral Efficiency

9.1.1
Summary

For the analysis of Peak Spectral Efficiency, the CEG assumed that the theoretical conditions implied no FEC should be included within the overhead calculation.

The analysis by the CEG is based on theoretical calculations, it shows the process to calculate peak spectral efficiency for submission of a candidate IMT-Advanced RIT based on IEEE 802.16 and excludes specific physical path overheads. The report follows the guidelines and definitions given in Report ITU-R M.2135 and addresses the minimum requirements specified in Report ITU-R M.1235.

The IEEE proposed values are stated in the IMT-ADV/4 submission Part 4, specifically Section 7.2.4. While the analysis does not exactly confirm the numbers in the IEEE proposal it does confirm that the IEEE values are appropriate and meet the ITU requirements.

9.1.2
Basic Parameters
–
Channel Bandwidth 20 MHz
–
For the FDD RIT, a resource unit (RU) is a basic physic unit comprises 18 contiguous subcarriers by [image: image65.png]| symbol



 contiguous OFDM modulation symbols. [image: image67.png]| symbol



 is 6,7,5 and 9 symbols for type-1,type-2,type-3 and type-4 sub frame. A FDD frame is 5ms which contains 5 type-1 and 3 type-2 sub frames. An OFDM symbol lasts 97.143 [image: image69.png]


.
	Components in an FDD frame (5ms)

	Type-1                97.143*6=0.583 ms
Type-2                97.143*7=0.680 ms
Type-3                97.143*5=0.486 ms
Type-4                97.143*9=0.874 ms


	Idle                                          45.71[image: image71.png]





–
Assuming a 20 MHz bandwidth that encompasses 96 RU in frequency domains (1728 subcarriers)
–
Cyclic Prefix =1/16 for both FDD and TDD
–
2 and 4 streams in sub frame
–
64QAM modulation (6 bit/s)
–
Code rating is 1 , repetition rate is 1
–
For a TDD RIT, a TDD frame has the same length of 5ms and contains 3 type-1,1 type-2 DL sub frame. For UL sub frames, the same configuration is applied and the ratio of the  number of UL and DL frames is 1:1
Figure 2
Proposed FDD and TDD basic frame and sub-frame structure
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9.1.3
Downlink

9.1.3.1
FDD RIT

Table 5 illustrates the calculations involved in getting the figures of D/L peak spectral efficiency in the FDD 2-stream case.

Table 5

FDD RIT downlink peak spectral efficiency.

	FDD DL 2-stream

	Step
	Calculation
	Explanation

	Number of subcarriers per RU
	· Type-1 18*6=108
· Type-2 18*7=126
	

	Number of payload subcarriers per RU
	· Type-1 108-12=96
· Type-2 126-12=114
	Both type-1 and type 2 have 12 pilot subcarriers per RU

	Number of payload subcarriers per frame (5 ms)
	· Type-1 96*96*5=46080
· Type-2 114*96*3=32832
	There are 5 type-1 and 3 type-2 sub-frames in a frame

	Peak data rate (bps)
	{[(46080+32832)-1728]*6*2}/0.005
=185.242Mbps
	1728 subcarriers per frame are used for preambles

	Peak spectrum efficiency
	185.242M/20M=9.262 bps/Hz
	


Table 6 illustrates the calculations involved in getting the figures of D/L peak spectral efficiency in the FDD 4-stream case.

Table 6

FDD RIT downlink peak spectral efficiency.

	FDD DL 4-stream

	Step
	Calculation
	Explanation

	Number of subcarriers per RU
	· Type-1 18*6=108
· Type-2 18*7=126
	

	Number of payload subcarriers per RU
	· Type-1 108-16=92
· Type-2 126-16=110
	Both type-1 and type 2 have 16 pilot subcarriers per RU

	Number of payload subcarriers per frame (5 ms)
	· Type-1 96*96*5=44160
· Type-2 110*96*3=30680
	There are 5 type-1 and 3 type-2 sub-frames in a frame

	Peak data rate (bps)
	{[(44160+30680)-1728]*6*4}/0.005
=350.9376Mbps
	1728 subcarriers per frame are used for preambles for downlink

	Peak spectral efficiency
	350.9376M/20M=17.547 bps/Hz
	


Figure 3 illustrates the proposed pilot structure of a Resource Unit (RU) in the 2-stream case (left) and the 4-stream case (right) for FDD. 

Figure 3

Proposed Pilot structure in an RU for 2-stream (left) and 4-stream (right)
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9.1.3.2
TDD RIT
Table 7 illustrates the calculations involved in getting the figures of D/L peak spectral efficiency in the TDD 2-stream case.

Table 7

TDD RIT downlink peak spectral efficiency.

	TDD DL 2-stream

	Step
	Calculation
	Explanation

	Number of subcarriers per RU
	· Type-1 18*6=108
· Type-2 18*7=126
	Definition of resource unit

	Number of payload subcarriers per RU
	· Type-1 108-16=921

· Type-2 126-16=110
	Both type-1 and type 2 have 16 pilot subcarriers  per RU

	Number of payload subcarriers per frame (5 ms)
	·  Type-1 96*96*3=27648
· Type-2 114*96*1=10944
	There are 3 type-1 and 1 type-2 sub-frames in a frame

	Peak data rate (bps)
	{[(27648+10944)-1728]*6*2}/0.005
=88.4736Mbps
	1728 subcarriers per frame are used for preambles

	Peak spectral efficiency
	88.4726M/20M*0.5=8.847bps/Hz
	The ratio of UL and DL in a TDD frame is 1:1


Table 8 illustrates the calculations involved in getting the figures of D/L peak spectral efficiency in the TDD 4-stream case.

Table 8

TDD RIT downlink peak spectral efficiency.

	TDD DL 4-stream

	Step
	Calculation
	Explanation

	Number of subcarriers per RU
	· Type-1 18*6=108
· Type-2 18*7=126
	Definition of resource unit

	Number of payload subcarriers per RU
	· Type-1 108-16=921
· Type-2 126-16=110
	Both type-1 and type 2 have 16 pilot subcarriers per RU

	Number of payload subcarriers per frame (5 ms)
	· Type-1 92*96*3=26496
· Type-2 110*96*1=10560
	There are 3 type-1 and 1 type-2 sub-frames in a frame

	Peak data rate (bps)
	{[(26496+10560)-1728]*6*4}/0.005
=169.5744Mbps
	1728 subcarriers per frame are used for preambles

	Peak spectral efficiency
	169.5744M/20M*0.5= 16.96bps/Hz
	The ratio of UL and DL in a TDD frame is 1:1


9.1.4
Uplink

9.1.4.1
FDD RIT

Table 9 illustrates the calculations involved in getting the figures of U/L peak spectral efficiency in the FDD 2-stream case.

Table 9

FDD RIT uplink peak spectral efficiency.

	FDD UL 2-stream

	Step
	Calculation
	Explanation

	Number of subcarriers per RU
	· Type-1 18*6=108
· Type-2 18*7=126
	

	Number of payload subcarriers per RU
	·   Type-1 108-12=96
· Type-2 126-14=112
	Type-1 has 12 and type 2 has 14 pilot subcarriers per RU

	Number of payload subcarriers per frame (5 ms)
	· Type-1 96*96*5=46080
· Type-2 112*96*3=32256
	There are 5 type-1 and 3 type-2 sub-frames in a frame

	Peak data rate (bps)
	{[(46080+32256)*6*2}/0.005
=188Mbps
	

	Peak spectral efficiency
	188M/20M=9.40032 bps/Hz
	


9.1.4.2
TDD RIT
Table 10 illustrates the calculations involved in getting the figures of U/L peak spectral efficiency in the TDD 2-stream case.

Table 10

TDD RIT uplink peak spectral efficiency.

	TDD UL 2-stream

	Step
	Calculation
	Explanation

	Number of subcarriers per RU
	· Type-1 18*6=108
· Type-2 18*7=126
	Definition of resource unit

	Number of payload subcarriers per RU
	· Type-1 108-12=96
· Type-2 126-14=112
	Type-1 has 12 and type-2 has 14 pilot subcarriers per RU

	Number of payload subcarriers per frame (5 ms)
	· Type-1 96*96*3=27648
· Type-2 112*96*1=10752
	There are 3 type-1 and 1 type-2 sub-frames in a frame

	Peak data rate (bps)
	{[(27648+10752)]*6*2}/0.005
= 92.16Mbps
	

	Peak spectrum efficiency
	92.16M/20M*0.5 = 9.216bps/Hz
	The ratio of UL and DL in a TDD frame is 1:1


Table 11 illustrates a summary of the peak spectral efficiency results obtained on both the D/L and the U/L in the 2- as well as 4-stream cases.
Table 11

Summary of uplink and down link peak spectral efficiency results.

	Peak Spectral Efficiency (bps/Hz)

	
	ITU Requirement
	IEEE claim  for 2 stream multiplexing
	IEEE claim for 4 stream multiplexing
	This assessment

	FDD
	DL
	15
	9.262
	17.547
	17.79 (4 stream)

	
	UL
	6.75
	9.40
	
	9.40 (2 stream)

	TDD
	DL
	15
	8.847
	16.96
	16.96 (4 stream)

	
	UL
	6.75
	9.216
	
	9.22 (2 stream)


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

[To be completed]

9.3
User Plane Latency

[To be completed]

9.4
Handover

9.4.1
Summary

[To be completed]

9.4.2
Details

[To be completed]

9.4.3
Inter-system handover

Relevant Proposal Statements: The information is provided by the proponent in row 4.2.4.3.12 of the characteristics template (Document IMT-ADV/4).

Evaluation Methodology: As described in Report ITU-R M.2135, 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, 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, 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 4.2.4.3.12, Document IMT-ADV/4).

Evaluation Methodology:  As described in Report ITU-R M.2135, 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, 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 1 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 2 for convenience.

Based on the description in Table 1 and the proponent comments in Section 4.2.4.1.1.1, 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, 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), 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), 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), 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), 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
Cell spectral efficiency
[To be completed]
9.10
Cell-edge spectral efficiency
[To be completed]
9.11
Mobility
[To be completed]
9.12
VoIP capacity
[To be completed]
9.13
Link budget templates
[To be completed]
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* 	Submitted on behalf of the Canadian Evaluation Group (CEG)


**	The CEG notes that the results presented in this Interim Report are not final. The CEG reserves its right to re-visit (and revise) any portion of this Report it deems necessary. 
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