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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 TCOE India 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 TCOE India (Doc. 5D/757). 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 FDD RIT
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.2.3	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
2.3	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 meet minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No


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

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

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.

	 Base coverage urban
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.

	 High speed
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.



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


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

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

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.

	 Base coverage urban
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.

	 High speed
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.



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



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

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.

	 Base coverage urban
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the evaluation report. The evaluation shows that the candidate RIT meets all the other requirements.

	 High speed
	 Yes	 No	 Partial evaluation
Comments: The mobility scenarios mentioned in Report ITU-R M.2134 are not evaluated. The VoIP results are not included in the Evaluation Report. The evaluation shows that the candidate RIT meets all the other requirements.


2.4	Additional evaluation methodologies and assumptions
2.4.1	Candidate technology submission in document IMT-ADV/4
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2135-1 been used in evaluation?
 Yes	 No
Comments: The Open Area Rural Model with fixed terminals as proposed by TCOE India was evaluated. Based on this initial evaluation, it is concluded that the IMT-Advanced candidate technology submission in Document IMT-ADV/4 will be able to provide broadband connectivity by means of a single base station over a large rural area of 20 km radius or more, using fixed terminals with rooftop antennas.
2.4.2	Candidate technology submission in document IMT-ADV/8
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2135-1 been used in evaluation?
 Yes	 No
Comments: The Open Area Rural Model with fixed terminals as proposed by TCOE India was evaluated. Based on this initial evaluation, it is concluded that the IMT-Advanced candidate technology submission in document IMT-ADV/8 (both FDD and TDD RITs) will be able to provide broadband connectivity by means of a single base station over a large rural area of 20 km radius or more, using fixed terminals with rooftop antennas.
3	Evaluation Report
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1
Introduction


The independent evaluation of candidate technologies is the second step towards the finalisation of IMT-Advanced recommendations by ITU. Both the Radio Interface Technologies (RIT) being evaluated promise significantly higher date rates and lower latencies compared to IMT-2000 technologies and are expected to usher in a wireless broadband revolution across the world. In particular, India has a vested interest in ensuring that IMT-A systems meet the requirements of the Indian market, which is unique in certain aspects. Low penetration of wired broadband access in the country means that the benefits of the digital economy are yet to be felt across vast areas. IMT‑Advanced systems, with their promise of wide area coverage at lower cost (compared to wireline connectivity), has the potential to unleash a broadband revolution, just as 2G mobile systems made telephony services available to all parts of India, resulting in dramatic increase in tele-density. In order to do so, it is essential that IMT-Advanced candidate technologies fulfil not only the globally accepted technical benchmarks but also satisfies certain additional needs of the Indian market. Therefore, the TCOE India Evaluation Group focussed not only on the IMT-A evaluation methodology and metrics laid out by ITU WP 5D but also evaluated certain other aspects which are India-specific to some extent. This will help in assessing the wider applicability of the candidates in a broader perspective. This additional evaluation may also provide guidance in designing evaluation methodologies for future evaluations of radio interface technologies.

2
Administrative aspects


2.1
Name of the independent evaluation group


Telecom Centres of Excellence India (TCOE India)

2.2
Introduction / background of the Independent Evaluation Group


2.2.1
TCOE India
TCOE India consists of seven Telecom Centres of Excellence established at seven premier technical/management institutes of India. There is a national co-ordination centre located in Delhi at the Centre for Development of Telematics (C-DOT). Each TCOE is supported in public-private partnership by leading national telecom operators and the Ministry of Communications and Information Technology, Government of India. The operators and the TCOEs sponsored by them are as follows:



Tata Teleservices



IIT Bombay (IITB) TCOE 




Bharti Airtel



IIT Delhi (IITD) TCOE




Bharat Sanchar Nigam


IIT Kanpur (IITK) TCOE




Vodafone Essar



IIT Kharagpur (IITKgp) TCOE




Reliance Communications

IIT Madras (IITM) TCOE




Aircel Communications


IISc Bengaluru (IISc) TCOE



Idea Cellular



IIM Ahmedabad (IIMA) TCOE

Each TCOE has its own research staff, apart from the faculty and research scholars of the host Institute. The TCOEs take up research projects of specific interest to the sponsoring operator, as well as projects co-ordinated across all TCOEs that are of national relevance and of a long-term nature. One such nationally co-ordinated effort is the IMT-A Evaluation, for which the Co-ordination Centre registered TCOE India as an Independent Evaluation Group on behalf of all the TCOEs. Four TCOEs, namely, the ones at IIT Bombay, IIT Kanpur, IIT Kharagpur, and IIT Madras, are participating in the IMT-A Evaluation.


2.2.2
Centre of Excellence in Wireless Technology (CEWiT)
Though the effort is co-ordinated by the national TCOE India Co-Ordination Centre at Delhi, the Centre of Excellence in Wireless Technology (CEWiT), Chennai, has played a major role in the process of evaluation along with the TCOEs.  CEWiT is an autonomous research organization set up by the Ministry of Communications and Information Technology, Govt. of India, and a consortium of telecom companies. CEWiT is active in the wireless standardization bodies 3GPP and IEEE 802.16, and has detailed knowledge of the candidate SRITs submitted to IMT-A. CEWiT also has simulation capability for the candidate SRITs which was leveraged by the TCOEs to build upon and conduct the IMT-A evaluation as per the methodology prescribed in the Reports ITU-R M.2133 - 2135 [1 – 4]. 


2.2.3
Tech Mahindra


Tech Mahindra, one of the companies supporting CEWiT, also participated in the IMT- A evaluation effort. They have played a complementary role by taking up those parts of evaluation which were not being taken up by any of the participating TCOEs. 

The author list of this report includes all participants across the four TCOEs at IITB, IITK, IITKgp and IITM, the participants from Tech Mahindra, as well as the research staff from CEWiT who have contributed to the effort. The final simulations for the IMT-A evaluation were run by CEWiT after incorporating the contributions of the TCOEs, in order to ensure uniformity across all evaluations.

2.3
Method of Work


2.3.1
Coordinators and Participants
Each TCOE has a faculty expert as local co-ordinator of the IMT-A evaluation effort. They are:



Prof. Abhay Karandikar (IITB TCOE)



Prof. Adrish Banerjee (IITK TCOE)



Prof.  Suvra Sekhar Das (IITKgp TCOE)



Prof. K. Giridhar and Prof. Bhaskar Ramamurthi (IITM TCOE)


The co-ordinator from Tech Mahindra is Ms. Vijayalakshmi Chetlapalli, while 
Dr. P. R. Goundan, Dr. Kiran Kuchi (coordinator, IEEE candidate), Dr. Nadeem Akhtar, and 
Mr. Vinosh Babu James (coordinator, 3GPP candidate) co-ordinated on behalf of CEWiT. Around fifty contributors from the TCOEs, Tech Mahindra and CEWiT have worked on the IMT-A Evaluation as a part of the TCOE India Evaluation Group. An exhaustive list of contributors in the evaluation process is provided in the embedded document.
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Cmde. J. Jena of the National TCOE Co-ordination Centre, Delhi co-ordinated the work of all the participants, and also served as the liaison for the TCOE India Evaluation Group with ITU as well as the proponents of other evaluation groups. He attended all the WP 5D meetings during the evaluation phase (2009-10), joined by various co-ordinators listed above, or their representatives, as and when necessary.


2.3.2
Meeting, Workshops and Correspondence activityThe various constituent teams of the TCOE India IMT-A Evaluation Group held several meetings during the evaluation phase from July 2009 to May 2010.


2.3.2.1
First Workshop on IMT-A candidate SRITs


The work began with a week-long Workshop on IMT-A candidate SRITs 3GPP LTE-A and IEEE 802.16m organized at IITM TCOE with the assistance of CEWiT. During this workshop, all the faculty co-ordinators, and the researchers from the participating TCOEs became familiar with the candidate SRITs. In addition, they were exposed to the simulators for the candidate SRITs available with CEWiT, and provided some hands-on experience in working with them. The gaps in the simulators from the point of view of the IMT- A evaluation were identified. 

The tasks of developing the missing modules, as well as the analytical evaluation tasks were then divided up amongst the participants, based on the resident expertise available at each TCOE. The group also decided which aspects of the candidate SRITs it would take up for evaluation, keeping in mind the most relevant aspects from the national point of view, as well as the capabilities available with the participating entities. 

It was also decided that there were a couple of important evaluation scenarios not considered by WP 5D, which are particularly relevant to India. It was also decided to conduct research to explore how the candidate SRITs would perform under these scenarios.


2.3.2.2
Workshop held on IMT-A candidate SRITs for the industry and academia in January 2010


The participants met again during the annual National Conference on Communications (NCC 2010) at Chennai.  TCOE India and CEWiT jointly offered a workshop to industry and academic researchers on the candidate SRITs as part of the NCC2010. They also met on the sidelines to review the work of the participating entities, and determine the action plan for the remaining four months before the final report was due. The contents of the interim report for the February meeting of WP 5D were also formalized. It was decided to highlight a new Open Area Rural Propagation Model that was relevant to the Indian rural use case. It was also decided to highlight the need for assessing the rural propagation model test case with a scheduler that ensures a “wireless DSL”-like behaviour with a near constant throughput in addition to the Proportional Fair scheduler recommended by the proponents.

Throughout the evaluation phase (2009-2010), the participants were in constant touch with each other through email, teleconferences, and visits by individual researchers. In particular, several researchers visited CEWiT at various times during the 11 months, in order to familiarize themselves with aspects of the simulators, integrate the modules developed, test the modules, and generate interim results for comparison with the self-evaluation done by the technology proponents as well as those of other evaluation groups. 


2.3.2.3
Interim Report Submission at the WP 5D meeting held in February 2010 at Turin, Italy


An interim report was presented in the February WP 5D meeting introducing the TCOE India Evaluation Group, the scope of its activity, and the method of its working.

TCOE India presented the Open Area Rural (OAR) Model as an additional evaluation scenario relevant to the Indian subcontinent as a part of its interim report. This OAR model was mentioned in the subsequent liaison statement issued by ITU, encouraging other EGs to consider this model for further analysis.


2.3.2.4
Meetings Convened by proponents of the SRITs


Representatives of the TCOE India Evaluation Group also attended the following meetings convened by the proponents of the LTE-A and 802.16m SRITs:


3GPP


1)
3GPP Workshop on IMT-Advanced I, Beijing, Dec 2009


2)
3GPP Workshop on IMT-Advanced II, Beijing, May 2010


3)
IMT-Advanced Evaluation Group Meeting, New Delhi, April 2010


IEEE


1)
IEEE Workshop on IMT-Advanced I, San Diego, Jan 2010

2)
IEEE Workshop on IMT-Advanced II, Beijing, May 2010


At these meetings, TCOE India Evaluation Group exchanged calibration results for the SINR cdf, as well as the spectral efficiency for a well-understood configuration such as SISO or 2-receive-antenna Maximal Ratio Combining. These exercises served to fine-tune the simulators, as well as develop confidence in the results generated by the simulators. Information on Uplink Power Control was also exchanged, and the SINR cdf for the Uplink was also calibrated. TCOE India also presented the Open Area Rural Model, as well as the simulation assumptions for the test case that models the Indian rural use case. Other Evaluation Groups generated SINR cdf for this model for calibration, and also exchanged spectral efficiency results for comparison.


2.3.2.5
Workshop on Evaluation results for 3GPP LTE-A held at New Delhi in April 2010


A workshop was held at Delhi with the Chinese, Russian and TCOE India Evaluation Groups and the technology proponent Ericsson Sweden. The self evaluation done by Ericsson Sweden for 3GPP LTE-A SRIT was discussed along with the interim results obtained by the independent evaluation groups. The Open Area Rural Model, as presented by TCOE India and the simulation assumptions for it were discussed, and TCOE India gave the rationale for various configuration assumptions. The assumptions used by TCOE India for the Open Area Rural Model evaluation were finalised as an outcome of this workshop and is embedded below.
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Thus, right through the evaluation exercise, TCOE India maintained a close interaction via email, teleconferences, and face-to-face meetings with several evaluation groups as well as the proponents. Since a very large number of experts globally have been involved in generating evaluation results, the approach taken by TCOE India right through the evaluation exercise was to work towards evolving consensus, independently obtaining results similar to those obtained by others. In addition, TCOE India worked on developing results for the additional test cases relevant to India and exposing the results to other evaluation groups at the earliest, so that they might also repeat the tests, and obtain similar results.

2.4
Administrative contact details


Cmde. J. Jena, TCOE India


E-mail: jjena@coai.in

2.5
Technical contact details


Prof. Bhaskar Ramamurthi


E-mail: bhaskar@tenet.res.in

2.6
Other pertinent administrative information


2.6.1
Outcome of the IMT-A candidate SRIT evaluation by TCOE India
The evaluation process had the following outcomes for TCOE India:


1)
It was found that the candidate SRITs can cover a 20-30 km radius area which is especially relevant to the sparsely populated Indian landscape for deployment of Wireless Broadband services over a large area.


2)
TCOE India also gained an insight into 4G technology and motivated some of the academic institutes to do further research in this domain.


3)
The team from TCOE India which participated in the evaluation process in now capable of sharing their knowledge with the industry.


4)
TCOE India is now geared up to carry out evaluation for all future telecom technologies beyond 4G. 


3
Technical aspects


3.1
Evaluated candidate IMT-Advanced RIT / SRIT


TCOE India evaluated both IEEE 802.16m and 3GPP LTE SRITs. Three test environments specified in Report ITU-R M.2135 were evaluated: Urban Micro, Urban Macro, and Rural Macro. In addition, a large area Rural Macro test environment with fixed terminals was considered as a use case relevant to the Indian scenario. The Indian Broadband Wireless Requirements [www.cewit.org.in] is characterized by small urban cells, high user density, and low terminal speeds (nomadic / indoor), and large rural cells with fixed terminals. As such, the urban micro and urban macro test environments are very relevant, particularly for low terminal speed. The Rural Macro test environment with high-speed terminals is less relevant, though the use case does exist in the Indian scenario. 


The evaluation for mobility classes in the various test environments considered was not undertaken by TCOE India. Of the mobility classes suggested in Table 4 of Report ITU-R M.2134, for the three test environments Urban Micro, Urban Macro, and Rural Macro, the vehicular speeds of 120 kmph and 350 kmph respectively for Urban Macro and Rural Macro test environments respectively are not relevant to the Indian context. Only the speed of 30 kmph for the Urban Micro test environment is relevant. TCOE India decided not to take up the evaluation for this lone case, and therefore did not perform the mobility related evaluations.

TCOE India conducted the evaluation for both the LTE-A and 802.16m SRITs with regard to Cell Spectral Efficiency, Cell-Edge User Spectral Efficiency, Peak Spectral Efficiency, Bandwidth, Control Plane Latency, User Plane Latency, Handover Interruption Time and VoIP Capacity. The results for all these parameters except VoIP Capacity are available at the time of writing of this report and are included in this report. The results for VoIP capacity will be reported to WP 5D if they become available by the time of the meeting (June 8, 2010).


3.2
Utilization of ITU-R documents (Documentation of any additional evaluation methodologies that are or might be developed by the Independent Evaluation Group to complement the evaluation guidelines)


TCOE India has followed the Evaluation Guidelines in Reports ITU-R M.2133, ITU-R M.2134, ITU-R M.2135. In addition the following two extra evaluations were also performed in view of their relevance to the Indian scenario.

3.2.1
Open Area Rural Propagation Model and Large Rural Macrocell with Fixed TerminalsAt the February WP 5D meeting, TCOE India presented a report on the applicability of Hata’s Open Area Model for modelling path loss from a 40 m high Base Station to fixed terminals with roof-top directional antennas over a 15-20 km cell radius (a slightly updated version is embedded below). It was shown that the Open Area Rural (OAR) Model can be used for this purpose. No measurements are available for determining the applicability of the IMT-A multipath fading model described in Report ITU-R M.2135. Given that the terminal antenna is directional, and given that most of the scattering is due to foliage in the open rural scenario, there could be modifications needed. In the absence of any measurements to determine the appropriate fading model, TCOE India has employed the channel model specified in Report ITU-R M.2135 for the rural macro environment with the path loss model alone replaced by the OAR. Additionally, it has been assumed that all users are in NLOS given that most villages are at large distance from the Base Station.
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In view of the uncertainty of the applicability of the multipath model when directional antennas are used at the terminal, TCOE India decided, on a conservative basis, to assume that the terminal has only one directional antenna. This is because directional antennas placed even at a reasonable distance from each other may end up receiving very similar signals. In such a situation, assuming multiple antennas with a possibly inappropriate multipath model may lead to optimistic performance estimates. Thus, the baseline configuration for the Indian rural use case is 2 Base Station antennas and 1 Terminal antenna. Base Stations with four antennas may also be considered.


Since the Indian use case envisages community service centres with aggregated broadband connectivity, the traffic to and from each terminal is likely to be considerably less bursty than for individual connections in an urban setting. The proposed WDSL scheduler explained in the next section assumes even higher significance in this context. TCOE India has considered the cell spectral efficiency for this scheduler as well.


One key outcome of the simulations involving the OAR is an estimate of the average data rate sustainable for each village community service center with a given bandwidth. A 20 km radius circular cell will have approximately 70 villages per 120-degree sector. It is desirable that with the bandwidth available (of the order of 70-80 MHz at present) each village can be provided of the order of 2 Mbps sustained data rate. This calls for a mean spectral efficiency of around 2 bps/Hz.

3.2.2
Wireless DSL (WDSL) schedulerAs mentioned in section 2.3.2.3, TCOE India has considered a variant of the Proportional Fair (PF) scheduler which yields a lower variance for the user spectral efficiency around the mean cell spectral efficiency. This description of the scheduler is embedded below, and has been taken from the test methodology developed by one of the proponents, namely, IEEE 802.16m. We refer to this scheduler as the Wireless DSL (WDSL) scheduler. We have provided results for cell spectral efficiency for the OAR test environment.
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Figure 1 in the document illustrates the difference in behaviour of the two schedulers. In this figure, the CDF of the average throughputs of the users is plotted. It is seen that the proposed WDSL scheduler maintains a more equitable throughput for all users when compared to the PF scheduler. However, the price paid for this is the lower cell spectral efficiency with this scheduler.

Schedulers such as the WDSL scheduler are important for the Indian use case. India has very poor penetration of broadband services, and the scope for improving these using wireline technologies such as DSL or cable modems is very limited. This is because the wireline infrastructure is modest. More than 90% of telephones are mobile cellphones, and most cellphone users do not possess a landline connection. Only wireless technologies such as the candidate SRITs being considered in IMT-A can possibly provide a solution to the broadband connectivity problem. Thus, as and when such technologies are deployed, users will look to them for primary broadband connectivity, not a mobile add-on to an existing wireline broadband connection as in other countries. Most users at any given time will be nomadic and indoors, and the user density will be high. The expectation from users will be for DSL-like performance, or a “wireless-DSL” connection. This means all users, irrespective of their location or SINR, will expect throughput at or above the contracted level for most of the time. This calls for technologies with lower variance of user spectral efficiency. It is likely operators in India will require schedulers similar to the proposed WDSL scheduler to be implemented, not just in the rural scenario but also in the urban cases as well.

3.3
Quality check as per Report ITU-R M.2133 of the templates and the self-evaluation

TCOE studied and verified the description templates submitted by both the candidate technologies IEEE 802.16m and 3GPP LTE-A, as well as the link budget template submitted respectively for the urban microcellular, urban macro cellular, and rural macro cellular test environments.

3.4
Quantitative assessment as per Reports ITU-R M.2133, M.2134 and M.2135

3.4.1
Candidate SRIT: IEEE 802.16m 
TCOE India carried out verification of the Services and Spectrum compliance templates submitted by the proponents of the candidate technology IEEE 802.16m, and found the technology to be compliant.


TCOE India carried out simulation and analytical assessments of various technical parameters as indicated in section 3.1. The results obtained by TCOE India, and the corresponding assumptions are given below. All simulations were carried out for a 2x2 antenna configuration.
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Based on the simulation results provided in the respective compliance templates, TCOE India concludes that the IEEE 802.16m SRIT is IMT-Advanced compliant.


3.4.2
Candidate SRIT: 3GPP LTE / LTE-A
TCOE India carried out verification of the Services and Spectrum compliance templates submitted by the proponents of the candidate technology 3GPP LTE / LTE-A, and found the technology to be compliant.


TCOE India carried out simulation and analytical assessments of various technical parameters as indicated in section 3.1. The results obtained by TCOE India, and the corresponding assumptions are given below. All simulations were carried out for a 4x2 antenna configuration.
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Based on the simulation results provided in the respective compliance templates, TCOE India concludes that the 3GPP LTE / LTE-A SRIT is IMT-Advanced compliant.


3.5
Results for the OAR model with WDSL Scheduler


Table 1 gives the cell spectral efficiency of the IEEE 802.16m TDD RIT and the 3GPP LTE/LTE-A FDD RIT for the Open Area Rural test environment with fixed terminals. Identical system configuration was assumed for all simulations. Results are given for both the PF and WDSL schedulers.


Table 1


Cell Spectral efficiency (bps/Hz/cell) for OAR Test Emvironment


		Candidate Technology

		PF Scheduler

		WDSL Scheduler



		IEEE 802.16m

		1.6

		1.5



		3GPP LTE / LTE-A

		1.77

		1.24





As discussed in section 3.2.1, the OAR test environment employs a baseline propagation model. Certain aspects such as the multipath fading model to be used with directional antennas at the terminal are still to be investigated. Based on these first-cut results one can conclude that a sustained data rate of around 1.25-1.5 Mbps with wireless-DSL-like service can be provided simultaneously to community centres in every village with a total bandwidth of 70-80 MHz. There is every likelihood of higher data rates being supported with more sectors and/or more base station antennas. Thus, as the demand for higher data rates increases, steps can be taken to provide the same by augmenting the network. 


4
Conclusions

TCOE India has completed the process of evaluating the candidate radio interface technologies for IMT-Advanced compliancy with this report. TCOE India evaluated both the IEEE 802.16m and 3GPP LTE/LTE-A candidate proposals. The evaluation criteria suggested by ITU were followed in the evaluation. Based on the evaluation performed it is our assessment that both the SRITs meet the requirements for IMT-Advanced. TCOE India also evaluated the performance of the SRITs in the Open Area Rural test environment, and with WDSL scheduler. Based on this evaluation it is our assessment that the type of OFDMA technologies being considered for IMT-Advanced can be used to provide basic broadband connectivity to rural India.
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Wireless DSL (WDSL) Scheduler


            Proportional fair scheduling (PFS) algorithm is a scheduling algorithm that achieves an operating point, which is a balance between Round Robin and Max rate scheduling algorithms. The PF algorithm can be analysed in terms of utility function as, 



                                Ui (Ri) = log (Ri )  



               where, Ri is the long-term throughput achieved by user i. It is assumed that the utility of each user is additive. The PF optimization problem is formulated as maximizing the sum of logarithmic user data rate i.e., max ∑ log (Ri). The optimization problem is solved using an iterative approach as explained below.



 Let rj(t) be the instantaneous rate for user j at scheduling instant t and Rj(t-1) be the exponentially weighted average throughout of user j till the scheduling instant t. The PFS algorithm selects user i*(t) to be served at scheduling instant t according to the following metric:




i*(t) = arg maxj { rj(t)/Rj(t-1)}



   The average throughputs of the users at instant t are updated according to the following equation:



[image: image4.emf]


    PFS gives higher priority to users with higher instantaneous rate and lower average throughput. Here, tc is the time-constant of the low pass filter.  The parameter tc is tied to the latency time scale of the application.  If the latency time scale is large, then the throughput is averaged over a longer time scale, and the scheduler can afford to wait longer before scheduling a user when its channel hits a relatively better channel. 



We make the following assumptions in our model:



1. Infinite buffer traffic model, in which each user always has data available for service



2. Each user feedbacks the instantaneous rate at which it can send/receive data from the base-station.



The PF optimization problem does not provide any data rate guarantees to individual users. Hence, some users may receive unacceptable low service. In order to provide equal rate guarantee to all users, we require a different approach. Wireless DSL service provides minimum rate guarantee to all users admitted into the system.  One approach to achieve the above objective is to select the user, i*(t) to be served at scheduling instant t according to the following metric[IEEE802.16m EMD  http://www.wirelessman.org/tgm/core.html#08_004]:



i*(t) = arg maxj { rj(t)/(Rj(t-1))α}



where, α is the fairness exponent factor. In our simulations, we take α equal to 5. The average throughput Rj (t) is updated in the same manner as in PFS. The scheduling algorithm with the above approach is referred to as WDSL (Wireless DSL) scheduler. 



Figure 1 shows the comparison between PFS (fairness exponent =1) and WDSL scheduler (fairness exponent =5). The simulation is for 10 Subscriber Stations (SS) per sector for 1000 frames and tc=250 ms for Indian rural scenario. 
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Fig. 1: Comparison between PFS and WDSL  for Indian rural scenario.
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Table 1: Cell Cell and Cell-Edge spectral efficiency in Indian rural scenario



[image: image3.emf]              PFS             WDSL



Average sector throughput 9.9 Mbps/sector 9.5 Mbps/sector



Cell edge throughput 365 kbps 615 kbps



Standard deviation in average user throughput 419 kbps  204 kbps



Sector spectral efficiency  1.6 bps/Hz/Sector 1.5 bps/Hz/sector



Cell edge spectral efficiency 0.06 bps/Hz 0.1 bps/Hz



standard deviation in normalised spectral efficiency 0.07bps/Hz 0.03 bps/Hz 






Fig. 2: SINR vs Throughput for PFS and WDSL in Indian rural scenario 



Table 1 shows the comparison of the spectral efficiency between PFS and WDSL scheduler. Even though the average throughput in WDSL scheduler is slightly less in comparison to PFS, more users achieve equal rate; the variance in throughput among the users is less. The cell-edge spectral efficiency is also higher in WDSL scheduler. 



Figure 2 shows the variation of throughput with average SINR for the PFS and WDSL scheduler. We can see that WDSL scheduler gives almost equal throughput to all users irrespective of their SINRs.



WDSL scheduler can be used in conjunction with Connection Admission Control (CAC) to guarantee a minimum data rate for all users admitted into the system.  WDSL algorithm provides information to the CAC module on the number of users that can be supported with a certain minimum rate. 
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1 Introduction



Control and user plane latency are two key properties of any access technology. The former determines how quickly a user can get access to the network while the latter decides if the radio interface can support applications that are delay-sensitive. As per [1]:



Control plane (C-Plane) latency is typically measured as the transition time from different connection modes, e.g., from idle to active state. A transition time (excluding downlink paging delay and wireline network signalling delay) of less than 100 ms shall be achievable from idle state to an active state in such a way that the user plane is established.



The user plane latency (also known as transport delay) is defined as the one-way transit time between an SDU packet being available at the IP layer in the user terminal/base station and the availability of this packet (protocol data unit, PDU) at IP layer in the base station/user terminal. User plane packet delay includes delay introduced by associated protocols and control signalling assuming the user terminal is in the active state. IMT-Advanced systems shall be able to achieve a user plane latency of less than 10 ms in unloaded conditions (i.e., a single user with a single data stream) for small IP packets (e.g., 0 byte payload + IP header) for both downlink and uplink.



In the following, we estimate the latency for user and control planes for the IEEE802.16m RIT, as defined in [3]. The document is organized to outline requirements in Section 2, followed by user plane latency analysis in Section 3 and control plane latency analysis in Section 4. The conclusions are summarized in Section 5.


2 Requirements & Assumptions


The ITU requirement for latency is given in Table 1. 


Table 1


			Plane


			Latency (ms)





			User


			10





			Control


			100








The following assumptions are made in the analysis which follows:



1. Radio frame duration is 5 ms, comprising eight subframes each of duration 0.617 ms.



2. TTI is 1 subframe



3. Processing times at AMS and ABS are 3 subframes



4. The RTT for HARQ is 8 subframes for both FDD and TDD (assuming DL:UL ratio of 5:3)



3 User Plane Latency


The user plane latency is computed for two cases characterized by different HARQ retransmission probabilities, 0 and 10%, respectively. The reference model used is shown below.



[image: image1]


Figure 1: User-plane latency calculation model


The steps contributing to user plane latency in FDD case are listed in the table below, along with the associated delay values for both HARQ cases.



			Step


			Description


			Latency



(0% HARQ Retransmission Probability)


			Latency



(10% HARQ Retransmission Probability)





			0


			AMS wakeup time


			Implementation Dependent


			Implementation Dependent





			1


			AMS Processing


			1.85 ms


			1.85 ms





			2


			Queuing/Frame Alignment


			0.31 ms


			0.31 ms





			3


			TTI for UL data packet (Piggy back scheduling information)


			0.617 ms


			0.617 ms





			4


			HARQ Retransmission


			0 ms


			0.5ms





			5


			ABS Processing


			1.85 ms


			1.85 ms





			


			Total delay


			4.63 ms 


			5.13 ms








The steps contributing to user plane latency in TDD case are listed in the table below, along with the associated delay values for both HARQ cases.



			Step


			Description


			Latency



(0% HARQ Retransmission Probability)


			Latency



(10% HARQ Retransmission Probability)





			0


			AMS wakeup time


			Implementation Dependent


			Implementation Dependent





			1


			AMS Processing


			1.85 ms


			1.85 ms





			2


			Queuing/Frame Alignment


			2.5 ms


			2.5 ms





			3


			TTI for UL data packet (Piggy back scheduling information)


			0.617 ms


			0.617 ms





			4


			HARQ Retransmission


			0 ms


			0.5ms





			5


			ABS Processing


			1.85 ms


			1.85 ms





			


			Total delay


			6.82 ms 


			7.32 ms








4 Control Plane Latency


The sequence of steps for setting up the control plane connection is shown in the table below, along with an estimate of the delay incurred at each step.



			Step


			Description


			Latency (0% HARQ Retransmission Probability)


			Latency (10% 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


			< 50 ms





			2


			Random access procedure 


			5 ms


			5 ms





			3


			Initial ranging 


			5 ms


			6 ms





			4


			Capability negotiation 


			5 ms


			< 5 ms





			5


			Authorization and authentication/key 


			5 ms


			5 ms





			6


			Registration 


			5 ms


			5 ms





			7


			RRC connection establishment 


			5 ms


			5 ms








From the table above, we find that the control plane setup delay is 30 ms and 31 ms respectively, for the two HARQ cases. Hence, the time transition time from idle to active state will be 80 and 81 ms, respectively. Note that these numbers are actually upper bounds and the total time taken can actually be lower.


5 Conclusion


The estimated user and control plane latencies for the RIT under evaluation here is provided in the table below (only the worst case values, i.e. with HARQ retransmission probability of 10% are used here).


			Plane


			Estimated Latency (ms)


			IMT-A Target





			User 


· FDD



· TDD


			5.13



7.32


			10 ms





			Control


· FDD



· TDD


			81 ms


81 ms


			100 ms








Therefore, it can be concluded that the RIT meets the IMT-A target for user and control plane latency.


References



[1] REPORT ITU-R M.2134, Requirements related to technical performance for IMT-Advanced radio interface(s).


[2]  REPORT ITU-R M.2135, Guidelines for evaluation of radio interface technologies for IMT-Advanced.


[3] Standard for Local and metropolitan area networks. Part 16: Air Interface for Broadband Wireless Access Systems, May 29 2009.
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LTE / LTE-Advanced:  Compliance Template FDD 
for IMT- Advanced Evaluation


4.2.4 
RIT/SRIT compliance templates  (3GPP LTE/LTE-A FDD RIT)


4.2.4.1 
Compliance template for services



			


			Service related minimum capabilities within the RIT/SRIT


			Evaluator’s comments





			4.2.4.1.1


			Support of a wide range of services



Does the proposal support a wide range of services?:



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



(YES / NO


			The RIT is identified to be compliant





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



(YES / NO


			The RIT is identified to be compliant





			4.2.4.1.1.2


			Support of rich conversational service class



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






                   (YES / NO


			The RIT is identified to be compliant





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                   (YES / NO


			The RIT is identified to be compliant








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?: 
(YES / NO



Specify in which band(s) the candidate RIT or candidate SRIT can be depl\oyed.








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


			NA


			
Yes

No


			The RIT meets the requirement in the evaluated scenarios





			


			


			Uplink


			2.25


			NA


			
Yes

No


			





			


			Microcellular


			Downlink


			2.6


			2.86


			(
Yes

No


			





			


			


			Uplink


			1.8


			1.86


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.45


			(
Yes

No


			





			


			


			Uplink


			1.4


			1.52


			(
Yes

No


			





			


			High speed


			Downlink


			1.1


			1.9


			(
Yes

No


			





			


			


			Uplink


			0.7


			1.6


			(
Yes

No


			





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


			Not applicable


			Downlink


			15


			16.257


			(
Yes

No


			4 layer SM for downlink and 2 layer SM for uplink





			


			


			Uplink


			6.75


			8.378


			(
Yes

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			


			(
Yes

No


			The RIT is compliant (upto 100 MHz)





			


			


			Scalability


			Support of at least three band-width values(4)


			


			(
Yes

No


			The RIT is compliant (1.4, 3, 5, 10, 15, 20 MHz, followed by aggregation)








			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


			NA


			
Yes

No


			The RIT meets the requirement in the evaluated scenarios





			


			


			Uplink


			0.07


			NA


			
Yes

No


			





			


			Microcellular


			Downlink


			0.075


			0.083


			(
Yes

No


			





			


			


			Uplink


			0.05


			0.078


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.065


			(
Yes

No


			





			


			


			Uplink


			0.03


			0.07


			(
Yes

No


			





			


			High speed


			Downlink


			0.04


			0.056


			(
Yes

No


			





			


			


			Uplink


			0.015


			0.08


			(
Yes

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			73.5


			(
Yes

No


			As per Section 5    in the supporting document





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			4.8


			(
Yes

No


			As per Section  4.1 in the supporting document





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			NA


			
Yes

No


			Evaluation not done





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			NA


			
Yes

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			NA


			
Yes

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			NA


			
Yes

No


			





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


			Indoor


			Uplink


			1.0


			NA


			
Yes

No


			Evaluation not done





			


			Microcellular


			Uplink


			0.75


			NA


			
Yes

No


			





			


			Base coverage urban


			Uplink


			0.55


			NA


			
Yes

No


			





			


			High speed


			Uplink


			0.25


			NA


			
Yes

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


			(
Yes

No


			As per Section III-A   in the supporting document





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


			Not applicable


			Not applicable


			40


			10.5


			(
Yes

No


			As per Section III-A   in the supporting document





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


			Not applicable


			Not applicable


			60


			10.5


			(
Yes

No


			As per Section III-A   in the supporting document





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			Not applicable


			(
Yes

No


			The RIT is compliant





			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


			NA


			
Yes

No


			Evaluation not done





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			NA


			
Yes

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			NA


			
Yes

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			NA


			
Yes

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.























�	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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LTE / LTE-Advanced:  Simulation Assumptions
for IMT- Advanced Evaluation


1. Simulation assumptions used in the 3GPP RIT evaluation



1.1. Downlink of UMi, UMa and RMa



			Parameter


			Description





			Path loss model


			As specified in [1]





			Small scale fading


			As specified in [1]





			Antenna correlation


			Uncorrelated





			Antenna configuration


			4 Tx antennas and 2 Rx antennas





			MIMO scheme


			MU-MIMO for UMi and UMa



SU-MIMO for RMa





			Receiver processing


			MMSE





			Channel estimation


			Realistic channel estimation





			Scheduler algorithm


			Proportional fair, full buffer traffic, frequency selective





			HARQ


			Incremental Redundancy





			Link adaptation


			Non-ideal based on CQI, PMI and RI reports





			Overheads


			As per the simulation models





			Channel estimation


			Realistic channel estimation





			Frequency reuse


			Reuse 1





			Interference model


			All the interfering cells were simulated





			Control channel and feedback error


			Error free assumption





			Link to system mapping


			EESM








1.2. Uplink of UMi, UMa and RMa



Average IoT < 10 dB was ensured in all cases



			Parameter


			Description





			Path loss model


			As specified in [1]





			Small scale fading


			As specified in [1]





			Antenna correlation


			Uncorrelated





			Antenna configuration


			1 Tx antenna and 4 Rx antennas





			Receiver processing


			MMSE





			Channel estimation


			Realistic





			Power control


			Open loop – Fractional as per Rel8 standard



(Average IoT < 10dB in all cases )





			Scheduler algorithm


			Proportional fair, full buffer traffic, frequency selective





			HARQ


			Incremental Redundancy





			Link adaptation


			Based on estimated CQI





			Overheads


			As per the simulation models





			Frequency reuse


			Reuse 1





			Interference model


			All the interfering cells were simulated





			Control channel and feedback error


			Error free assumption





			Link to system mapping


			No abstraction used. Actual Transmitter and Receiver algorithms are used








1.3. Downlink and Uplink of Open Area Rural Model



As per the assumptions defined in [2] and the further clarifications provided.



2. References



[1] ITU-R, M.2135, “Guidelines for evaluation of radio interface technologies for IMT advanced”.



[2] TCOE India “Parameters for the Open Area Rural Model evaluation”, posted on the ITU-R SG5 Portal, Correspondence Group for IMT-Advanced Evaluation (Forum 3), May 3, 2010.
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LTE-Advanced: Handover Interruption Time
Analysis for IMT-A Evaluation

. INTRODUCTION enhanced coverage and capacity for improved performance

Raditional packet switched networks support only besind reduced energy consumption. IP-based core network of

effort traffic, but newer applications need network seAE is known as Evolved Packet Core (EPC). The goal of
vices that allow an end-client to transport data with peFPC is to provide simplified all-IP core network architeetur
formance guarantees. 3GPP LTE Release 10 and beyot@dgfficiently give access to various services. EPC consists
LTE-Advanced, is intended to meet the diverse requiremer@#¥lobility Management Entity (MME), a Serving Gateway (S-
of advanced applications that will become common in tHéW) that interfaces with the E-UTRAN and a PDN Gateway
wireless market place in future. Moreover, LTE-Advanced {&-GW) that interfaces to external packet data networks.
an evolution of LTE, which provides backward compatibility

with LTE. | m EPC%
A. Technical Details of LTE and LTE-Advanced |
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of 1 Gbps in downlink (DL) and up to 500 Mbps in the S"g'x'/'fn/g ow
uplink (UL). Technical details of LTE and LTE-Advance are !
given in [1], [2], [3], [4], [5], [6]. These technologies ff
scalable bandwidths together with support for both FDDeghir
and TDD unpaired spectrum. . The Frame structures for
FDD and TDD mode are shown in figure 1. LTE and LTE-
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omeaniosme § . LTE Release 8. Below subsections give introduction about

‘ ‘ + ‘ }a ‘ % — ‘ ‘ + ‘ % ‘ handover procedure, handover interruption time, and ingro
Subframe #2| Subfyame Subframe f#4 Stibframe #5' ! Subframe #7 | Subfrgme #8' Subf A
o ‘ ‘ ‘ T ‘ ‘ ‘ ments which enhance handover performance.

DwWPTS GP UpPTS DWPTS GP UpPTS
(B) TDD Frame Structure

Subframe #0 |

, B. Handover
Fig. 1. FDD & TDD Frame Structures for LTE & LTE-Advance

In all cellular telecommunications the term handover =fer

Advanced use Orthogonal Frequency Division Multiple Ascedo the process of establishing a target radio link from seurc
(OFDMA) and Single Carrier Frequency Division Multiplebase station to target base station. When the handovergsroce
Access (SC-FDMA) transmission schemes for the DL and initiated, the target base station is alerted about tregtang
UL, respectively. One of the most important means to achieliandover by the serving base station. The target baserstatio
the high data rate objectives is multiple antenna transamiss allocates a radio resource set and provides informatioheo t
known as Multiple Input Multiple Output (MIMO). serving base station. The serving base station sends fbrs in

The network architecture of these technologies reduces thation to the user equipment. After receiving the inforioati
number of nodes, supports flexible network configurationser equipment breaks the current session with serving base
and provides a high level of service availability. The netwo station and establishes the new radio link using the radio
architecture is shown in figure 2. One of key elements of thiesource set. Handovers have a great impact on the complete
Service Architecture Evaluation (SAE) network is the newystem performance. LTE-Advanced robust general minimum
enhanced base station, known as evolved NodeB (eNodeBRM requirements ensure good mobility performance across
This enhanced base station performs radio resource manape-cellular network, including minimal handover intertiop
ment for the evolved access system. The eNodeB featutiase.







C. Handover Interruption Time

During handover process, for some period, user equipment
cannot exchange user plane packets with any of the base o Command
stations. This period is known as handover interruptioretith Data Forwarding
includes the time required to execute any radio access netwo Processing

procedure, radio resource control signaling, or other agess

Handover Preparation

exchanges between the user equipment and the radio access
network. The impact of intra LTE-Advanced handovers on
interruption time is less than or equal to that provided by
handovers in LTE. In LTE-Advanced, sub-frame size of 1
ms makes it capable of adapting to fast changing radio link
conditions and allows exploitation of multiuser diversity

In LTE-Advanced, processing delays in different nodes and
RACH scheduling period are reduced in comparison to LTE. EP“’*SS‘”Q
RACH scheduling period is decreased from 5 ms to 1 ms in
FDD mode.

2. RACH Waiting

3. Preamble

4. Processing

o

Grant

Handover Interruption Time

-

Data

. ) . . Fig. 3. State Diagram for Handover Interruption Time Anays
This document outlines the procedures involved in handover

process and analyzes the performance of handover intemupt
time for both FDD and TDD modes. The paper is organized The steps involved in handover interruption are:
as follows: Section Il explains the minimum requirements se 1y Radio Synchronization to the target cell.

by IMT-Advanced and assumptions of analysis. Section Il 2) Average delay due to RACH scheduling period
presents the analysis of handover interruption time betfuze 3) RACH Preamble Transmission

conclusions are drawn in Section IV. 4) Preamble detection at Target eNodeB
5) Transmission of RA response (Time between the end
Il. REQUIREMENTS& A SSUMPTIONS RACH transmission and UE’s reception of scheduling
A. Minimum Requirements grant and timing adjustment)
The IMT-Advanced proposal shall be able to support han-6) BECOd'ng of scheduling grant and timing alignment at

dover interruption times specified in Table | [7]. o
7) Transmission of data
TABLE |

IMT-AREQUIREMENTS Radio synchronization delay is the sum of the delay caused

Handover Type Interruption Time (ms) by frequency synchronization and downlink synchronizatio
Intra-Frequency 27.4 Frequency synchronization delay depends on whether the
_ Inter-Frequency target cell is operating on the same carrier frequency as the
Within a spectrum band 40.0 . . . i
Between spectrum band 60.0 serving cell. But since the UE has already identified and

measured the target cell by this time, this delay is nedkgib
Although baseband and radio frequency alignments always
. take some time, since the UE has already acquired downlink
B. Assumptions synchronization to the target cell in conjunction with pomis

HO Interruption time for intra-frequency and intermeasurement and can relate the target cell DL timing to the
frequency is the same as it does not depend on the frequesgMrce cell DL timing with an offset, the corresponding gela
of the target cell as long as the cell has already been mehsugeless than 1 ms. This leads to the total delay of 1ms for
by the UE, which is a typical scenario [5]. For the purpos&Radio Synchronization step.
of determining handover interruption time, interactionghw
the core network (i.e., network entities beyond the radi .OFDD Mode Analysis

access network) are assumed to occur in zero time. It is als

assumed that all necessary attributes of the target channd FDD mode, uplink and downlink transmissions are done
(that is, downlink synchronization is achieved and uplinRimultaneously on different frequency bands. So, the gesra
access procedures, if applicable, are successfully caenjle RACH waiting time is only 0.5ms (TT1/2). . The delays caused
are known at initiation of the handover from the servin(]fj" FDD mode due to the steps listed above are shown in table

channel to the target channel [7].

I1l. ANALYSIS B. TDD Mode Analysis

The intra- and inter-frequency handover interruption tisme In TDD, Handover Interruption depends upon the UL/DL
calculated based on the handover procedure shown in figaonfiguration and the location of RACH trigger. The sub-feam
3. configuration is as shown in the figure 4. For Configuration







TABLE Il TABLE Il
HANDOVER INTERRUPTION TIME INFDD ANALYSISIN TDD MoDE FORCONFIGURATIONO WHEN RACH IN
UPLINK SUB-FRAME
SN | Process Time (ms)
1 Radio Synchronization 1.0 SN | Process RACH RACH RACH Average
2 RACH Waiting 0.5 in sub- | in sub-| in sub-
3 | Preamble Transmission 1.0 frame 2| frame 3| frame 4
4-5 | eNB processing and Grarft 5.0 or7 or8 or9
6 UE processing delay 2.0 probability probability probabilit;
7 | Data Transmission 1.0 _ 0.6 0.2 0.2
Total delay 105 1 Radio Syn-| 1.0 1.0 1.0 1.0
chronization
2 RACH Wait- | 1.5 0.5 0.5 11
ing
0, 1, 2 & 3, UL/DL switch point periodicity is 5ms, which 435 P,ileéimb'e ;-8 %-8 615-8 %-2
indicates that we need to analyze only for sub-frames 0, 1, Erocessing : : ‘ ‘
2, 3, 4. For sub-frames 5 to 9, the same analysis applies. For and Grant
rest of the configurations UL/DL switch point periodicity is | 6 | UE dprloceSS- 2.0 2.0 20 20
¢ ing delay
10ms, so we need t_o a_nalyze the delay for all the cases ¢f 1 Dafa 75 75 30 30
RACH trigger occurring in each of the subframes 0 to 9. In Total delay | 165 145 135 155

all the figures giving the RACH waiting time analysis, theecas
numbers (Case #1, #2, and so on) refer to the occurrence of

RACH trigger in subframe 0, 1 and so on. Figure 6 shows the analysis done considering RACH in
special sub-frame for UL/DL Configuration 0.

UL/DL Subframe Number
Configuration| ol 1] »[ 3] 4 5] 6] 7| 4
Cases| 0 1 2‘ 3‘ 4 ‘ 5 ‘ 6 7‘ 8 9‘ 10 11‘ 12‘ 13‘ 14‘ 15‘ 16‘ 17{ 1:4 19 Total Delay
0
2= |3= _ - -
1 wo |22 135 4-5=5ms 6=2ms | 7=2ms 115
2 2 2=45ms 3ms 4-5=5ms 6=2ms | 7=2ms 154
3
#3 2=35ms  [§c 4-5=5ms 6=2ms | 7=2ms 145
4
5 # 2=25ms |3 4-5=5ms 6=2ms | 7=2ms 135
6 #5 2=15ms| 4-5=5ms 6=2ms | 7=2ms 125
Downlink ‘ Special ‘
Average Delay 135

Fig. 4. TDD Mode UL/DL Configuration Frame Structure for LPgivanced
Fig. 6. TDD Configuration: 0 RACH in: Special subframe
According to Rel-8 E-UTRA specifications, PRACH re-

source could not be located in normal sub-frames and speciaf@ular format of the analysis is shown in table IV.

sub-frames simultaneously. This constraint leads to twe op TABLE IV
tions, either RACH in uplink sub-frame, or RACH in special AnaLysIsIN TDD MODE FORCONFIGURATION O WHEN RACH IN
sub-frame. For example, for TDD Configuration 0 RACH SPECIAL SUB-FRAME
requgst can occupy any UL sub—frames_ 2, 3, 4, 7 8, 9 Of =N T Process RACH RACH T Average
special sub-frames 1, 6. The delay analysis for Configurdtio in sub- | in sub-
is represented in Table Ill. Figures 6 to 18 depict the stegew frame frame
: : ; 0 5
delay (_:alculat|0ns for all the steps of handover interupti probability probabilit
for various TDD configuration cases. The summary of delay 0.2 0.8
calculations for all the UL/DL configurations of TDD mode 1 | Radio 1.0 1.0 1.0
; Synchronization

are _shown in Table V. . L . 2 | RACH Waiting | 0.5 3.0 25

Figure 5 shows the analysis done considering RACH in 3 | Preamble 10 10 10
uplink sub-frame for UL/DL Configuration 0. The above 45 [ eNB processing| 5.0 5.0 5.0

and Grant
6 UE processing| 2.0 2.0 2.0

Cases 0‘ 1 Sf 3‘ A‘ 5‘ 6‘ 7‘ 8‘ 9‘ 10 11‘ 12 13‘ 14‘ 15 15‘ 1% 14 1+20 TclallﬁD:lay delay

#1 2=1.5ms| Tms 4-5=8ms 6=2ms 7=3ms 7 Data 20 20 20

Py F S 4-5=8ms 6=2ms | 7=3ms 155 Total delay 11.5 14.0 13.5

s Sinlins szems | gooms | 7=3ms s Figure 7 & 8 shows the analysis done considering RACH

w 2-26ms |37 4-5=ams omoms| 79ms | 175 in uplink and special sub-frame for UL/DL Configuration 1,

rverageDolay | 155ms respectively.
Figure 9 & 10 shows the analysis done considering RACH
Fig. 5. TDD Configuration: 0 RACH in: UL subframe in uplink and special sub-frame for UL/DL Configuration 2,
respectively.

analysis can also be represented in tabular format as shown iAs discussed above, the UL DL switching periodicity for
table 111, configuration 3 to 6 is 10.0 ms. So, we have to analyze all the







Cases | 0 ‘ 1| 2| 3 ‘ 4 ‘ 5 ‘ 6‘ 7‘ 8 ‘ 9 10‘ 1 12 ‘ 13 ‘ 14 15‘ 16‘ 1% 14 19Total Delay Cases | 0 ‘ 1| 2| 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7| 8 ‘ 9| 10 14 12 ‘ 13 ‘ 14‘ 15‘ 16‘ 17{ 14 1}( 20 | Total Delay
# | 2=18mg 350 45 =7ms 6=2ms| 7=3ms 155 #1 | 2=15ms| 3y 4-5=5ms 6=2ms {7~ 115
= 4-5=7ms - - 145 - = =
#2 05mg Ims 6=2ms )  7=3ms 2 2z i 4-5=5ms 6=2ms |1~ 105
#3 2= 13= 4-5=6ms 6=2ms 7=3ms 135 2= |3= 7= 105
0.5mg Ims #3 0.5m4 Ims 4-5 =5ms 6=2ms 1ms
#4 2=35ms 135 4-5=7ms 6=2ms | 7=3ms 175 2= |3
#4 23 4-5=5ms 6=2ms 7=4ms 135
#5 2=25ms |3 4-5=7ms 6=2ms| 7=3ms 165 3= 7=
#5 2=75ms ims 4-5 =5ms 6=2ms 1ms 175
Average Delay |  15.5ms ~ ~
#6 2=6.5ms s 4-5=5ms 6=2ms |{5| 165
. . L . #7 ‘ 2=55ms 3ns 4-5=5ms 6=2ms [1~| 155
Fig. 7. TDD Configuration: 1 RACH in;: UL subframe
48 ‘ 2=45ms Fis 4-5=5ms 6=2ms |{ 5| 145
# 2=35ms |35 4-5=5ms 6=2ms [1~| 135
Cases | 0 1 2 3| 4 5 6 7| 8 9 10 11 12| 13| 14| 15| 16 1 1 19 Total Delay
- |s= - #10 - 3= 5= - 7=
L 4-5=5ms 6=2ms | 1= 105 2=25ms |35 4-5=5ms 6=2ms |15 125
0 2=45ms 3ms 4-5=5ms 6=2ms | {5 145 Average Delay 13.6 ms
- 3= 4-5 =5 - 7=
#3 ‘ 2=35ms Ims ms 6=2ms | { oy 135
s 45=5ms - 125 Fig. 11. TDD Configuration: 3 RACH in: UL subframe
#4 2=25ms | {ql 6=2ms | -
#5 2=15ms| e 4-5=5ms 6=2ms | ]~ 125
Cases| O 1| 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 7‘ 8| 9 m{ 14 12 ‘ 13 ‘ 14‘ 15‘ 16‘ 17{ 14 19 Total Delay
Average Delay | 12:5ms
2= |3= _ - 7=
#1 0.5m$ Ims. 4-5 = 5ms 6=2ms ims 105
- 3= - - 7=
; : PR, . : 2=9.5ms 4-5=5ms 6=2ms 195
Fig. 8. TDD Configuration: 1 RACH in: Special subframe # ims ims
#3 ‘ 2=85ms 3ms 4-5=5ms 6=2ms [~ | 185
- 3= - N 7=
#4 2=75 4-5=5 6=2 175
Cases | 0 ‘ 1| 2| 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7‘ 8| 9 ‘ 10 11 12 ‘ 13 ‘ 14‘ 15‘ 16‘ 17‘ 14 19 Total Delay ‘ ms ms ms MS | 1ms
- - _ _ 3= el _ 7=
m|2=15ms| 33 4-5=6ms 6=2ms |13 125 #5 ‘ 2=65ms 3= 4-5=5ms 6=2ms ]| 165
- a= 5= - - 3= - - 7=
w 2= |3 4-5=6ms 6=2ms |13, 115 # ‘ 2=55ms 3 4-5=5ms 6=2ms [~ | 155
= -5 = = #7 - 3= 5= . 7=
¥ 2= a5ms 3 4-5=6ms 6=2ms |13 155 ‘ 2=45ms 3= 4-5=5ms 6=2ms ]~ | 145
_ 5= - #8 - 3= 5= - 7=
4 ‘ 2=35ms |37 4-5=6ms 6=2ms | 1% 145 ‘ 2=35ms  |$ 4-5=5ms 6=2ms |]og| 135
= -5 = = #9 - 3= 5= . 7=
5 ‘ 2=25ms |35 4-5=6ms 6=2ms |13 135 2=25ms |35 4-5=5ms 6=2ms ]| 125
#10 - 3= - - 7=
Average Delay | 135ms 2=15ms| $m 4-5=5ms 6=2ms |{~| 115
Average Delay | 15.0 ms

Fig. 9. TDD Configuration: 2 RACH in: UL subframe
Fig. 12. TDD Configuration: 3 RACH in: Special subframe

Cases | 0 1 2‘ 3‘ A‘ 5‘ 6 7‘ 8 9 10{ 11‘ 12‘ 13‘ 14‘ 15‘ 16‘ 17{ 14 19 Total Delay
2= |3= 7= Cases | 0 ‘ 1 2 3‘ 4 ‘ 5 ‘ 6‘ 7| 8 ‘ 9 10| 11‘ 12‘ 13‘ 14‘ 15‘ 16‘ 17‘ 14 1+ 20 | Total Delay|
#1|3emdims 4-5=5ms 6=2ms |~ 105
1 |2=15ms| 37, 4-5=5 6=2ms |1~ 115
2=45ms 3= 4-5=5ms 6=2ms |1~ 145 ’ ) ams " " | ims
#2 - ims ims -
2= |3 5= 6=2i 7= 0.
#3 ‘ 2=35ms |37 4-5=5ms 6=2ms ||~ 135 ” oemyims) Tomeme e Jims e
ims ims -
2= [3= e- . 7= 105
#4 ‘ 2=25ms |35 4-5=5ms 6=2ms |17 125 " osmy ms romsme o zme | dms
3 ims ims -
" F P oo oo |12 s #4 2=8.5ms 3ns 4-5=5ms 6=2ms |1~ | 185
o ims = - ims -
N o e #5 ‘ 2=7.5ms s 4-5=5ms 6=2ms 15| 175
verage Delay | 125 ms
#6 ‘ 2=65ms 3ns 4-5=5ms 6=2ms [1~| 165
Fig. 10. TDD Configuration: 2 RACH in: Special subframe " ‘ 2=55ms 3| 4-5.=5ms 6=2ms {5 155
48 ‘ 2=45ms 3 4-5=5ms 6=2ms [1~| 145
# ‘ 2=35ms  [$ 4-5=5ms 6=2ms |{5| 135
sub-frames, from 0 to 9. Figure 11 & 12 shows the analysis» 2=2sms |35 as=sms | e=oms|[n| 125
considering RACH in uplink and special sub-frame for UL/DL pverage Delay | 14.1ms

Configuration 3, respectively.

Similar analysis for UL/DL Configuration 4 is shown inFig. 13. TDD Configuration: 4 RACH in: UL subframe
Figure 13 & 14 considering RACH in uplink sub-frame and
special sub-frame, respectively.

Figure 15 & 16 shows the analysis done for UL/DL Config-
uration 5 considering RACH in uplink and special sub-frames Section Il has covered the analysis for Handover Interrup-
respectively. tion Time in LTE-Advanced system, which can be summarized

Figure 17 & 18 presents the analysis done for UL/Dlas:

Configuration 6 considering RACH in uplink and special , |n FDD Case the Handover interruption time is 10.5 ms.
sub-frame, respectively. « In TDD Case minimum Handover interruption time is
12.5 ms for UL/DL Configuration 1 & 2 when RACH is

The summary of results for all the UL/DL configurations of ~ sent in special sub-frame.

TDD mode are shown in table V. e In TDD Case maximum Handover interruption time is

IV. CONCLUSION







Cases| 0| 1| 2 ‘ 3‘ 4 ‘ 5 ‘ 6 7‘ 8| 9 m{ 14 12‘ 13‘ 14‘ 15‘ 16‘ 17{ 14 19 Total Delay
2= |3= _ - 7=

#1 0.5m$ Ims. 4-5 = 5ms 6=2ms ims 105

2=95ms 3 4-5=5ms 6=2ms ||~ 195
#2 - Ims ms -

#3 ‘ 2=85ms 3= 4-5=5ms 6=2ms |1~ 185

1ims 1ms

#a 2=75ms 3 4-5=5ms 6=2ms ||~ 175
- ms ms -

#5 ‘ 2=6.5ms 3= 4-5=5ms 6=2ms |1~ 165

ims 1ms

#6 2=55ms 3 4-5=5ms 6=2ms ||~ 155
- Ims ms -

# ‘ 2=45ms 3ms 4-5=5ms 6=2ms [~ | 145

#8 - 3= - - 7=
‘ 2=35ms  |$ 4-5=5ms 6=2ms [~ | 135
# 2=25ms |§7¢ 4-5=5ms 6=2ms [~ | 125
#10 _ 3= - - 7=
2=15ms| 3 4-5=5ms 6=2ms [~ | 115
Average Delay | 15.0 ms

= 'O 'ED "DOEf 'EE I"EXE X
#|2=15ms| 35 4-5=7ms 6=2ms 7=4ms 165
w2 Bk 3ms| 4-5=1ms 6=2ms 7=ams 155
#3 2aml3ms 4-5=6ms 6=2ms 7=4ms 145
#4 2t 3ms 4-5=5ms 6=2ms 7=4ms 135
#5 2=25ms |3 4-5=8ms 6=2ms | 7=2ms 165
#6 2=15ms| 35 4-5=8ms 6=2ms | 7=2ms 155
" §5mdms 45 =8ms 6=2ms | 7=2ms 145
* 3y s -5 =ms 6=2ms | 7=2ms 135
# 2=35ms |3 4-5=7ms 6=2ms 7=4ms 185
#10 ‘ 2=25ms |37 4-5=7ms 6=2ms 7=4ms 175

Average Delay | 15.6 m:

Fig. 17. TDD Configuration: 6 RACH in: UL subframe

Fig. 14. TDD Configuration: 4 RACH in: Special subframe Cases |l ¢ 2‘ 3‘ “‘ 5‘ 6 7‘ Gl m{ 14 12‘ 13‘ 1“‘ 15‘ 15‘ 1% 14 LpTotal Delay
#o |22 1350 4-5=5ms 6=2ms |1~ 105
w2 2=45ms S 4-5=5ms 6=2ms | 7=2ms 155
Cases o‘ 1] 2 a‘ 4 ‘ 5‘ a‘ 7 a‘ 9| 19 14 12‘ 13‘ 14‘ 15‘ 16‘ 1% 14 1+zo Total Delay|
#3 ‘ 2=35ms |35 4-5=5ms 6=2ms | 7=2ms 145
#1 |2=15ms| 37 4-5=5ms 6=2ms |1~ 15
- #a ‘ 2=25ms |35g 4-5=5ms 6=2ms | 7=2ms 135
” 2o o 4-5=5ms 6=2ms |1~ 105
#5 2=15m$3 5 4-5=5ms 6=2ms | 7=2ms 125
#3 2=9.5ms s 4-5=5ms 6=2ms |~ 195
- - #6 2ot ims 4-5=5ms 6=2ms | 7=2ms 115
#4 ‘ 2=85ms 3ns 4-5=5ms 6=2ms |1~ | 185
# 2=45ms 3l 4-5=5ms 6=2ms [[~| 145
#5 ‘ 2=7.5ms s 4-5=5ms 6=2ms |{~| 175
- - 8 ‘ 2=35ms  |$m 4-5=5ms 6=2ms |{~| 135
#6 ‘ 2=65ms 3ns 4-5=5ms 6=2ms |1~ | 165
# 2=25ms |35 4-5=5ms 6=2ms [[~| 125
# ‘ 2=55ms s 4-5=5ms 6=2ms |{~| 155
#10 2=15ms| 37 4-5=5 6=2ms [~ | 115
#8 ‘ 2=45ms 3ns 4-5=5ms 6=2ms |1~ | 145 | ms b " |ims
Average Delay | 13.0ms
# ‘ 2=35ms  [$5s 4-5=5ms 6=2ms |{~| 135
#10 >y 3= . _ 7= . . ) . .
il Es or2me |ims 129 Fig. 18. TDD Configuration: 6 RACH in: Special subframe
Average Delay | 15.0ms
TABLE V
Fig. 15. TDD Configuration: 5 RACH in: UL subframe HANDOVER INTERRUPTION TIME INTDD
Scenarios| UL/DL Configu- | RACH configura-| Handover
ration tion Interruption
Cases| 0| 1 2‘ a‘ 4‘ 5‘ 6 7‘ 8| o m{ 14 12‘ 13‘ 14‘ 15‘ 16‘ 17{ 14 19 Total Delay "
Time (ms)
Gt s I il L 108 i 0 In UL Sub-frame | 155
w» 2-95ms 3 4-5=5ms 6=2ms |]=| 195 2 0 In SP Sub-frame | 13.5
" - 3 1 In UL Sub-frame | 15.5
#3 ‘ 2=8.5ms $ms 4-5=5ms 6=2ms || 185 4 1 In SP Sub-frame| 12.5
# ‘ 2=75ms 3ms 4-5=5ms 6=2ms [~ | 175 5 2 In UL Sub-frame | 13.5
‘ . . 6 2 In SP Sub-frame| 12.5
#5 2=65 o 4-5=5 6=2ms | ]| 165
™ ms " | ms 7 3 In UL Sub-frame | 13.6
#6 ‘ 2=55ms 3ms 4-5=5ms 6=2ms | I 155 8 3 In SP Sub-frame | 15.0
e ‘ boas . voes voame 72| 1as 9 4 In UL Sub-frame | 14.1
=45ms -5 =5ms =2ms X
e e 10 4 In SP Sub-frame | 15.0
- | aosems ftn]  wsmam [emams|fn] ws 1[5 In UL Sub-frame | 15.0
#9 2=25ms |$ 4-5=5ms 6=2ms [~ | 125 12 S In SP Sub-frame | 15.0
13 6 In UL Sub-frame | 15.6
o 2=15ms| i 4-5=5ms s=ams |I5 s 14 6 In SP Sub-frame | 13.0
Average Delay | 15.0ms

Fig. 16. TDD Configuration: 5 RACH in: Special subframe

15.6 ms for UL/DL Configuration 6 when RACH is sent

in uplink sub-frame.
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LTE-Advanced Peak Spectral Efficiency Analysis





LTE / LTE-Advanced:  Peak Spectral Efficiency Analysis 
for IMT- Advanced Evaluation


The peak spectral efficiency values in the respective frame structure is calculated as a function of the available physical resource and the resource taken by the respective overheads. Layer-1 overhead and essential layer-2 overheads are added in the calculation.


1. Common Parameters for the Analysis



Bandwidth, 20 MHz = 1200 sub carriers, corresponding to 18 MHz [100 RBs in frequency domain]



Effective spectrum utilization = 90%


Assume, normal cyclic prefix (CP) with 14 OFDM symbols per sub frame


1RB pair = 12 x 14 = 168 resource elements [subcarrier x symbols]



1 sub frame = 100 RB pairs = 16800 REs [14 OFDM symbols]



1 radio frame = 10 sub frames  = 168000 REs [10 sub-frames]


Maximum supported layers = 4 in downlink and 2 in uplink


2. 3GPP FDD RIT


Parameters used for the analysis


No of supported RB pairs for PUCCH = 2 per sub frame



No of supported RB pairs for PRACH = 6 per radio frame



No of symbols per sub frame for PUCCH = 2 (1/7 overhead)



Downlink Peak Spectral Efficiency Calculation


Overheads incurred


1. Reference signal (CRS) overhead = 24 x 100 REs [24 REs per RB] = 2400 REs per sub frame = 24000 REs per radio frame



2. Broadcast channel (PBCH) overhead = 6 (12 x 4 – 8) = 240 REs [RBs x (REs x OFDM symbols - RS)] per radio frame



3. Synchronization channel (SCH) overhead = 12 x 6 x 2 = 144 REs [OFDM symbols x RBs x 2 per radio frame] each for PSS and SSS = 288 REs per radio frame



4. L1 / L2 control signalling overhead (CFI + HI + DCI) = 8 x 100 x 10 = 8000 [REs x RBs x sub frames] REs per radio frame



Total overhead per frame = 24000 + 240 + 288 + 8000 = 32528 REs



Effective REs for payload = 168000 – 32528 = 135472


Peak spectrum efficiency = 135472 x 6 x 4 x 100 / 20 000 000 = 16.257 bps/Hz [Effective REs x max bit rate x max layers x frames per sec / bandwidth].



Uplink Peak Spectral Efficiency Calculation


Overheads incurred


1. Reference signal (DM-RS) overhead = 12 x 2 REs [24 REs per RB pair] = 2400 REs per sub frame = 24000 REs per radio frame


2. Physical uplink control channel (PUCCH) overhead = 12 x 14 x 2 = 336 REs per sub frame [REs x OFDM symbols x No. of PUCCH RB pairs] = 3360 REs per radio frame


3. Physical random access channel (PRACH) overhead = 12 x 14 x 6 = 1008 REs per radio frame [REs x OFDM symbols x No. of PRACH RB pairs per radio frame]


Total overhead per frame = 24000 + 3360 + 1008 = 28368 REs



Effective REs for payload = 168000 – 28368 = 139632


Peak spectrum efficiency = 139632 x 6 x 2 x 100 / 20 000 000 = 8.378 bps/Hz [Effective REs x max bit rate x max layers x frames per sec / bandwidth].



3. 3GPP TDD RIT



Parameters used for the analysis


No of supported RB pairs for PUCCH = 2 per sub frame



No of supported RB pairs for PRACH = 6 per radio frame



No of symbols per sub frame for PUCCH = 2 (1/7 overhead)



Frame structure type 2 used in the analysis [D S U U D D S  U U D, 5ms switch point periodicity]



RIT has support for downlink sub frame, uplink sub frame and special sub frame. Special sub frame consists of DwPTS used for downlink, UpPTS used for uplink and a GP defined as guard period



Special sub frame configuration 4 is used in the analysis [12 DwPTS, 1 UpPTS, rest guard]


Assume, UpPTS carries sounding reference signal (SRS)



Downlink Peak Spectral Efficiency Calculation


Overheads incurred


1. Reference signal (CRS) overhead = 24 x 100 REs [24 REs per RB] = 2400 REs per sub frame = 24000 REs per radio frame



2. Broadcast channel (PBCH) overhead = 6 (12 x 4 – 8) = 240 REs [RBs x (REs x OFDM symbols - RS)] per radio frame



3. Synchronization channel (SCH) overhead = 12 x 6 x 2 = 144 REs [OFDM symbols x RBs x 2 per radio frame] each for PSS and SSS = 288 REs per radio frame (PSS occurs in the special sub frame and SSS in the downlink sub frame)


4. L1 / L2 control signalling overhead (CFI + HI + DCI) = 8 x 100 x 10 = 8000 [REs x RBs x sub frames] REs per radio frame



Total number of symbols per radio frame used in downlink = 80


Total number of symbols per radio frame used in uplink = 58


Total number of symbols per radio frame used for guard band = 140 – (80 + 58) = 2



Proportional overhead for downlink = 2 * 80 / 138 = 1.16


RE overhead per radio frame = 1.16 * 1200 = 1392


Total overhead per frame = 24000 + 240 + 288 + 8000 + 1392= 33920 REs



Effective REs for payload = 168000 – 46448 = 134080


Peak spectrum efficiency = 134080 x 6 x 4 x 100 / 20 000 000 = 16.09 bps/Hz [Effective REs x max bit rate x max layers x frames per sec / bandwidth].



Uplink Peak Spectral Efficiency Calculation


Overheads incurred


1. Reference signal (DM-RS) overhead = 12 x 2 REs [24 REs per RB pair] = 2400 REs per sub frame = 24000 REs per radio frame


2. Physical uplink control channel (PUCCH) overhead = 12 x 14 x 2 = 336 REs per sub frame [REs x OFDM symbols x No. of PUCCH RB pairs] = 3360 REs per radio frame


3. Physical random access channel (PRACH) overhead = 12 x 14 x 6 = 1008 REs per radio frame [REs x OFDM symbols x No. of PRACH RB pairs per radio frame]



4. SRS overhead = 1200 * 2 = 2400 REs per radio frame


Total number of symbols per radio frame used in downlink = 80



Total number of symbols per radio frame used in uplink = 58


Total number of symbols per radio frame used for guard band = 140 – (80 + 58) = 2



Proportional overhead for uplink = 2 * 58 / 138 = 0.84



RE overhead per radio frame = 0.84 *1200 = 1008



Total overhead per frame = 24000 + 3360 + 1008 + 2400 + 1008 = 31776 REs



Effective REs for payload = 168000 – 31776 = 136224


Peak spectrum efficiency = 136224 x 6 x 2 x 100 / 20 000 000 = 8.173 bps/Hz [Effective REs x max bit rate x max layers x frames per sec / bandwidth].



4. Summary of Spectral Efficiency Calculations


The results from the analysis are tabulated for ease of reference:


			Technology


			Configuration


			ITU Requirements


			TCoE Analysis





			FDD RIT


			Downlink


			15


			16.257





			


			Uplink


			6.75


			8.378





			TDD RIT


			Downlink


			15


			16.09





			


			Uplink


			6.75


			8.173








Since layer 2 signaling overheads are added in addition to the layer 1 overhead, the numbers are to be treated as conservative estimates in the analysis. TCoE India concludes that peak spectral efficiency requirements for both downlink and uplink are satisfied for both the FDD and TDD RIT (based on the procedures described in [2]).
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1. Introduction


Latency is defined as the average time between the transmission of packet and the reception of an acknowledgment. Low latency is a key performance criterion for better user experience. There are several applications that do not require very high data rate, but they do require low latency. Voice, real time gaming and interactive applications are some examples. In LTE-A (LTE-Advanced), the requirements for better quality of experience are more stringent than LTE Release 8. To reduce latency, LTE employs smaller transmission time interval (TTI) of 1ms. On an average, in FDD mode, the packet needs to wait for 0.5ms for transmission. Amongst the suggested ways to improve latency performance of LTE-A are  - simultaneous processing of RRC and NAS requests at the eNodeB, reduced processing delays at various nodes, reduced RACH and PUCCH cycles and a contention based uplink.


The control plane (C-plane) deals with the signaling and control functions, while the user (U-plane) deals with the actual user data transmission. C-plane latency is measured as the time required for the UE to transition from idle state to active state. In idle state,  the UE doesn’t have an RRC connection. Once the RRC is setup the UE transitions to connected state and then to the active state when it enters the dedicated mode. U-plane latency is defined as one-way transmit time between a packet being available at the IP layer in the UE/E-UTRAN edge node and the availability of this packet at the IP layer in the E-UTRAN/UE node. U-plane latency is relevant for the performance of many applications. This document explains the steps involved in C-plane and U-plane latency calculation. Calculations are made for both FDD and TDD modes. 


The document is organized to outline requirements in Section II, C-plane latency analysis in 
Section III and U-plane latency analysis in Section IV. The conclusions are summarized in Section V.


2. Requirements & Assumptions


The requirements set by ITU for user and control plane latencies are given in Table 1. The analysis was carried out as per the IMT-A evaluation guidelines [2]. Control plane latency should be less than 100ms from idle to active states and user plane latency should be less than 10ms. 





			Plane


			Max latency in ms





			Control Plane 


			100





			User Plane


			10








All latency calculations are done with the following assumptions:



1. Combined RRC and NAS request in IDLE to CONNECTED transition



2. 1ms PRACH cycle



3. 1ms PUCCH cycle



4. In the IDLE-CONNECTED transition latency analysis, an additional average delay of 10ms is considered for the S1_C transmission delay + MME processing delay for NAS request.  This is based on the Ts1c values mentioned in [4]. For the best case scenario, the RRC and NAS request processing are assumed to be carried out in parallel, without any additional delay required for NAS request transmission and processing.


3. Control Plane Latency Analysis


C-Plane latency is calculated for Idle-Connected and Dormant-Active state transitions [3].
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1.1 Transition from Idle to Connected state


In idle to connected mode transition, the UE establishes a RRC connection and radio bearer and hence UE is known at the cell level only after the completion of transition. So, until the transition is complete, the UE cannot respond to downlink (DL) initiated transitions. Hence there is no case to consider for DL initiated transitions for idle to connected mode latency calculation. The calculations are made only for uplink (UL) case. For the FDD case, RACH can be scheduled in the UL once every 1 ms in each of the subframes/frame, thus creating latency with an average of 0.5 ms with 1ms at worst. The steps involved in idle to connected mode transition are:



1) UE waiting for RACH scheduling 



2) RACH preamble to eNodeB



3) Preamble detection at eNodeB



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



5) Decoding of scheduling grant, timing alignment and C-RNTI assignment at UE



6) Transmission of RRC connection request to eNodeB



7) L2 and RRC processing delay at eNodeB



8) Transmission of RRC Connection Setup to UE (Simultaneously NAS service is requested and processed)



9) L2 and RRC processing delay at UE



10) Transmission of RRC Connection Setup Complete to eNodeB



Steps 11 – 14 depict NAS service request and processing at MME. This happens in parallel with RRC Connection procedure in LTE-Advanced (LTE-A) and hence reduces latency in LTE-A.



11) Processing at eNB (Uu –> S1-C)



12) S1-C transfer



13) MME processing 



14) eNode processing



15) Processing at eNodeB



16) Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment) to UE



17) L2 and RRC processing at UE
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Figure 2. Transition state diagram from Idle to Connected Mode



All the calculations are based on 1ms RACH cycle for FDD mode and combined RRC and NAS request in Idle to Connected transition.



1.1.1 FDD Mode 



In FDD mode, UL and DL transmissions are done simultaneously on different frequency bands. So the average RACH waiting time is 0.5ms (TTI/2). The delay in FDD mode for idle to connected transition is shown in below table.



TABLE II


C-PLANE LATENCY ANALYSIS IN FDD FOR IDLE TO CONNECTED TRANSITION



			SN


			Process


			Time [ms]





			1


			RACH Waiting


			0.5





			2


			Preamble


			1





			3-4


			eNodeB processing delay and grant


			3





			5


			UE processing delay


			5





			6


			Transmission of RRC + NAS Request


			1





			7


			eNodeB processing delay


			4





			8


			Transmission of RRC setup


			1





			9


			UE processing delay


			12





			10


			Transmission of RRC setup complete


			1





			11 - 14


			Due to combined RRC and NAS request we need not consider 11-14 steps for latency calculation


			-





			15


			eNodeB processing delay


			4





			16


			Transmission of NAS setup


			1.5





			17


			UE processing delay


			16





			 


			Total Delay


			50








1.1.2 TDD Mode 



In TDD mode, the C-Plane latency calculations are dependent on UL/DL configuration [4] and the location of RACH trigger in the TDD frame [5]. The analysis for TDD is carried with UL/DL configuration 1 with the probability (P) of occurrence of RACH trigger. The reason behind the calculation being done only for one TDD configuration is that the TDD case has multiple scenarios and covering all the cases is beyond the scope of this article. For convenience subframe is designated as SF in the tables. C-Plane latency analysis for TDD is shown in the below table.



TABLE III


C-PLANE LATENCY ANALYSIS IN TDD FOR IDLE TO CONNECTED TRANSITION



			SN


			Process


			RACH in UL SF 2/7 (P=0.8)



Time [ms]


			RACH in UL SF 3/8 (P=0.2)



Time [ms]


			RACH in special SF 1/6



Time [ms]





			1


			RACH Waiting


			2


			0.5


			2.5





			2


			Preamble


			1


			1


			1





			3-4


			eNodeB processing delay and grant


			3


			3


			5





			5


			UE processing delay


			6


			5


			5





			6


			Transmission of RRC + NAS Request


			1


			1


			1





			7


			eNodeB processing delay


			6


			6


			6





			8


			Transmission of RRC setup


			1


			1


			1





			9


			UE processing delay


			12


			12


			12





			10


			Transmission of RRC setup complete


			1


			1


			1





			11-14


			Due to combined RRC and NAS request we need not consider 11-14 steps for latency calculation


			-


			-


			-





			15


			eNodeB processing delay


			4


			4


			4





			16


			Transmission of NAS setup


			2.1


			2.1


			2.1





			17


			UE processing delay


			16


			16


			16





			


			Total Delay


			55.1


			52.6


			56.6





			Averaged total delay [ms]


			54.6


			56.6








1.2 Transition from Dormant to Active state


In dormant state, UE has an established RRC connection and radio bearers. UE may be in synchronized or unsynchronized state during the transition. The analysis has been carried on both the cases of UE with UL initiated and DL initiated transmission. When UE is synchronized it waits for the PUCCH allocation for sending the Scheduling Request (SR). The figure below illustrates the dormant to active transition for a synchronized UE. 



The steps involved in dormant to active state transition are –



1) Average delay to next SR opportunity at UE



2) UE transmits the SR to eNodeB



3) eNodeB decodes SR and generates the Scheduling Grant



4) Transmission of Scheduling Grant to UE



5) Decoding of scheduling grant and L1 encoding of UL data at UE



6) Transmission of UL data
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Figure 3. Transition state diagram from Dormant to Active mode for a synchronized UE.



For an UE without UL synchronization, RACH procedure must be followed.



3.2.1 FDD Mode 



For Dormant to Active transition, all the calculations are based on 1ms PUCCH cycle for FDD mode. This section shows FDD analysis for dormant to active transition for synchronized and unsynchronized UE. Tables III, IV, V and VI shows the calculations for UL initiated synchronized UE, UL initiated unsynchronized UE, DL initiated synchronized UE and DL initiated unsynchronized UE respectively.



TABLE IV


C-PLANE LATENCY ANALYSIS IN FDD FOR DORMANT TO ACTIVE TRANSITION FOR UL INITIATED TRANSMISSION FOR SYNCHRONIZED UE



			SN


			Process


			Time [ms]





			1


			PUCCH Waiting


			0.5





			2


			Scheduling Request


			1





			3


			eNodeB processing delay (decoding SR)


			3





			4


			Transmission of scheduling grant


			1





			5


			UE processing delay


			3





			6


			Transmission of UL data


			1





			


			Total Delay


			9.5








TABLE V



C-PLANE LATENCY ANALYSIS IN FDD FOR DORMANT TO ACTIVE TRANSITION FOR UL INITIATED TRANSMISSION FOR UNSYNCHRONIZED UE



			SN


			Process


			Time [ms]





			1


			RACH Waiting


			0.5





			2


			Preamble


			1





			3


			eNodeB processing delay and grant


			3





			4


			UE processing delay


			5





			5


			Transmission of UL data


			1





			


			Total Delay


			10.5








TABLE VI


C-PLANE LATENCY ANALYSIS IN FDD FOR DORMANT TO ACTIVE TRANSITION FOR DL INITIATED TRANSMISSION FOR SYNCHRONIZED UE



			SN


			Process


			Time [ms]





			1


			PUCCH Waiting


			0.5





			2


			Scheduling Request


			1





			3


			eNodeB processing delay (decoding SR)


			3





			4


			Transmission of scheduling grant


			1





			5


			UE processing delay


			3





			6


			Transmission of UL data


			1





			


			Total Delay


			9.5








TABLE VII


C-PLANE LATENCY ANALYSIS IN FDD FOR DORMANT TO ACTIVE TRANSITION FOR DL INITIATED TRANSMISSION FOR UNSYNCHRONIZED UE



			SN


			Process


			Time [ms]





			1


			UE Waiting for UL transmission


			6





			2


			RACH Waiting


			0.5





			3


			RACH Preamble


			1





			4


			eNodeB processing delay and transmission of RA response


			3





			5


			Timing Alignment (TA)


			2





			6


			Transmission of UL data


			1





			


			Total Delay


			13.5








3.2.2 TDD Mode 



This section shows TDD analysis for dormant to active transition for synchronized and unsynchronized UE. Tables VIII, IX , X and XI show the calculations for UL initiated synchronized UE, UL initiated unsynchronized UE, DL initiated synchronized UE and DL initiated unsynchronized UE respectively.



TABLE VIII


C-PLANE LATENCY ANALYSIS IN TDD FOR DORMANT TO ACTIVE TRANSITION FOR UL INITIATED TRANSMISSION FOR SYNCHRONIZED UE



			SN


			Process


			SR in SF 2/7 Time [ms]


			SR in SF 3/8



Time [ms]





			1


			PUCCH Waiting


			2.5


			2.5





			2


			Scheduling Request


			1


			1





			3


			eNodeB processing delay and grant


			3


			5





			4


			1.1. Transmission of Scheduling Grant


			1


			1





			5


			UE processing delay


			5


			3





			6


			Transmission of UL data


			1


			1





			


			Total Delay


			13.5


			13.5








TABLE XIX


C-PLANE LATENCY ANALYSIS IN TDD FOR DORMANT TO ACTIVE TRANSITION FOR UL INITIATED TRANSMISSION FOR UNSYNCHRONIZED UE



			SN


			Process


			RACH in UL SF 2/7 (P=0.8)


Time [ms]


			RACH in UL SF 3/8 (P=0.2)



Time [ms]


			RACH in special SF 1/6



Time [ms]





			1


			RACH Waiting


			2


			0.5


			2.5





			2


			Preamble


			1


			1


			1





			3


			eNodeB processing delay and grant


			3


			3


			5





			4


			UE processing delay


			6


			5


			5





			5


			Transmission of UL data


			1


			1


			1





			


			Total Delay


			13


			10.5


			14.5





			Averaged total delay [ms]


			12.5


			14.5








TABLE X



C-PLANE LATENCY ANALYSIS IN TDD FOR DORMANT TO ACTIVE TRANSITION FOR DL INITIATED TRANSMISSION FOR SYNCHRONIZED UE



			SN


			Process


			SR in SF 2/7



Time [ms]


			SR in SF 3/8



Time [ms]





			1


			PUCCH Waiting


			2.5


			2.5





			2


			Scheduling Request


			1


			1





			3


			eNodeB processing delay and grant


			3


			5





			4


			Transmission of Scheduling Grant


			1


			1





			4


			UE processing delay


			5


			3





			5


			Transmission of UL data


			1


			1





			


			Total Delay


			13.5


			13.5








TABLE XI


C-PLANE LATENCY ANALYSIS IN TDD FOR DORMANT TO ACTIVE TRANSITION FOR DL INITIATED TRANSMISSION FOR UNSYNCHRONIZED UE



			SN






			Process


			RACH in SF 2/ 3/ 7/ 8



Time [ms]


			RACH in SF 1/ 6



Time [ms]





			1.2. 


			1.3. 


			PDCCH in SF 0/5 (P=0.2)


			PDCCH in SF 1/6 (P=0.2)


			PDCCH in SF 4/9 (P=0.6)


			PDCCH in SF 0/5 (P=0.2)


			PDCCH in SF 1/6 (P=0.2)


			PDCCH in SF 4/9 (P=0.6)





			1


			PUCCH Waiting


			0.5


			0.5


			1.5


			0.5


			0.5


			1.5





			2


			Scheduling Request


			7


			6


			8


			6


			10


			7





			3


			eNodeB processing delay (decoding SR)


			1


			1


			1


			1


			1


			1





			4


			Transmission of scheduling grant


			3


			3


			3


			5


			5


			5





			5


			UE processing delay


			3


			3


			3


			2


			2


			2





			6


			Transmission of DL data


			1


			1


			1


			1


			1


			1





			


			Total Delay


			15.5


			14.5


			17.5


			15.5


			19.5


			
17.5





			


			Averaged total delay[ms]


			16.5


			17.5








4. User Plane Latency Analysis


U-Plane latency is also calculated for both TDD and FDD cases. The steps involved in the U-Plane latency calculation are:



1) UE processing time



2) TTI duration



3) HARQ retransmission



4) eNodeB processing delay



U-Plane latency for a scheduled UE consists of fixed node processing delays which include radio frame alignment, header compression delay, ciphering delay, RLC/MAC processing time. It also includes eNodeB processing delay and HARQ re-transmission delay. 



1.3 FDD Mode


Figure 4 shows the U-Plane latency components in FDD. 
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Fig.4. U-Plane latency analysis for FDD



In FDD mode HARQ process is fixed to 8ms. So HARQ retransmission delay is n*8 ms, where n is number of retransmissions. Typically there would be would be 0 or 1 HARQ retransmission. For the given assumption, we consider n as the error probability of the first HARQ retransmission. Minimum latency is achieved with 0% BLER. But we also considered 10% BLER for more reasonable calculations. The table below shows the U-Plane latency calculations for FDD.



TABLE XII


U-PLANE LATENCY ANALYSIS FOR FDD CASE



			SN


			Process


			Time(ms) with 0% HARQ BLER


			Time(ms) with 10% HARQ BLER





			1


			UE Processing


			1.5


			1.5





			2


			TTI duration


			7


			6





			3


			HARQ Retransmission


			0


			0.8





			4


			eNodeB Processing delay


			1.5


			1.5





			


			Total delay






			4


			4.8








4.2  TDD Mode


U-Plane latency analysis for TDD case is shown in Figure 5.
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Fig.5. U-Plane latency analysis for TDD



The analysis is done for all UL/DL configurations in TDD with 0% BLER and 10% BLER. Tables XIII, XIV, XVand XVI show the U-Plane analysis for DL 0% BLER, DL 10% BLER, UL 0% BLER and UL 10% BLER respectively.



TABLE XIII


U-PLANE LATENCY ANALYSIS FOR TDD CASE WITH 0% BLER (AVERAGE IN DL)



			SN


			Process


			Time [ms] for TDD UL/DL configuration





			


			


			0


			1


			2


			3


			4


			5


			6





			1


			eNodeB Processing delay


			1


			1


			1


			1


			1


			1


			1





			2


			Frame Alignment


			1.7


			1.1


			0.7


			1.1


			0.8


			0.6


			1.4





			3


			TTI Duration


			1


			1


			1


			1


			1


			1


			1





			4


			UE Processing Delay


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5





			


			Total Delay


			5.2


			4.6


			4.2


			4.6


			4.3


			4.1


			4.9








TABLE XIV


U-PLANE LATENCY ANALYSIS FOR TDD CASE WITH 0% BLER (AVERAGE IN UL)



			SN


			Process


			Time [ms] for TDD UL/DL configuration





			


			


			0


			1


			2


			3


			4


			5


			6





			1


			UE  Processing delay


			1


			1


			1


			1


			1


			1


			1





			2


			Frame Alignment


			1.1


			1.7


			2.5


			3.3


			4.1


			5


			1.4





			3


			TTI Duration


			1


			1


			1


			1


			1


			1


			1





			4


			eNodeB Processing Delay


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5





			


			Total Delay


			4.6


			5.2


			6


			6.8


			7.6


			8.5


			4.9








TABLE XV



U-PLANE LATENCY ANALYSIS FOR TDD CASE WITH 10% BLER (AVERAGE IN DL)



			SN


			Process


			Time [ms] for TDD UL/DL configuration





			


			


			0


			1


			2


			3


			4


			5


			6





			1


			eNodeB Processing delay


			1


			1


			1


			1


			1


			1


			1





			2


			Frame Alignment


			1.7


			1.1


			0.7


			1.1


			0.8


			0.6


			1.4





			3


			TTI Duration


			1


			1


			1


			1


			1


			1


			1





			4


			UE Processing Delay


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5





			5


			HARQ Retransmission


			1


			1.02


			0.98


			10.5


			1.16


			1.24


			1.12





			


			Total Delay


			6.2


			5.62


			5.18


			5.65


			5.46


			5.34


			6.02








TABLE XVI


U-PLANE LATENCY ANALYSIS FOR TDD CASE WITH 10% BLER (AVERAGE IN UL)



			SN


			Process


			Time [ms] for TDD UL/DL configuration





			


			


			0


			1


			2


			3


			4


			5


			6





			1


			UE Processing delay


			1


			1


			1


			1


			1


			1


			1





			2


			Frame Alignment


			1.1


			1.7


			2.5


			3.3


			4.1


			5


			1.4





			3


			TTI Duration


			1


			1


			1


			1


			1


			1


			1





			4


			eNodeB Processing Delay


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5


			1.5





			5


			HARQ Retransmission


			1.16


			1


			1


			1


			1


			1


			1.15





			


			Total Delay


			5.67


			6.2


			7


			7.8


			8.6


			9.5


			6.05








5. Conclusion


The analysis is summarized in tables XVII,  XVIII, XIX and XX for C-Plane  and U-Plane latencies. As mentioned in Section 2, for C-Plane latency values, an additional average delay of 10 ms is  accounted for S1-C and S1-MME processing delay for the NAS request. 



TABLE XVII


C-PLANE LATENCY SUMMARY FOR IDLE TO CONNECTED TRANSITION



			FDD Case 



[ms]


			TDD Case





			


			RACH in SF 2/ 3/ 7/ 8 [ms]


			RACH in SF 1/ 6 [ms]





			60


			64.6


			66.6








TABLE XVIII


C-PLANE LATENCY SUMMARY FOR DORMANT TO ACTIVE TRANSITION



			FDD Case





			UL initiated, UE Sync [ms]


			UL initiated, UE Unsync [ms]


			DL initiated, UE Sync [ms]


			DL initiated, UE Unsync [ms]





			9.5


			10.5


			9.5


			13.5





			TDD Case





			UL initiated, UE Sync [ms]


			UL initiated, UE Unsync [ms]


			DL initiated, UE Sync [ms]


			DL initiated, UE Unsync [ms]





			SR in SF 2/7


			SR in SF 3/8


			RACH in SF 2/3/7/8


			RACH in SF 1/6


			SR in SF 2/7


			SR in SF 3/8


			RACH in SF 2/3/7/8


			RACH in SF 1/6





			13.5


			13.5


			12.5


			14.5


			13.5


			13.5


			16.5


			17.5








TABLE XIX


C-PLANE LATENCY SUMMARY FOR IDLE TO ACTIVE TRANSITION



			FDD Case





			UL initiated, UE Sync [ms]


			UL initiated, UE Unsync [ms]


			DL initiated, UE Sync [ms]


			DL initiated, UE Unsync [ms]





			69.5


			70.5


			69.5


			73.5





			TDD Case





			UL initiated, UE Sync


			UL initiated, UE Unsync


			DL initiated, UE Sync


			DL initiated, UE Unsync





			SR in SF 2/7


			SR in SF 3/8


			RACH in SF 2/3/7/8


			RACH in SF 1/6


			SR in SF 2/7


			SR in SF 3/8


			RACH in SF 2/3/7/8


			RACH in SF 1/6





			78.1


			78.1


			77.1


			81.1


			78.1


			78.1


			81.1


			84.1








The minimum and maximum C-Plane latencies from idle to active mode in FDD are 69.5ms for UE in synchronization case and 73.5ms for UE in unsynchronized case respectively. In TDD UL/DL configuration 1, these values are 77.1ms for UE in synchronization case and 84.1ms for UE in unsynchronized case. 



TABLE XX



U-PLANE LATENCY SUMMARY



			FDD Case





			Minimum [ms]


			Maximum [ms]





			4


			4.8





			TDD Case





			DL


			UL





			Minimum [ms]


			Maximum [ms]


			Minimum [ms]


			Maximum [ms]





			4.1


			6.2


			4.6


			9.5








In U-Plane, the minimum and maximum latencies are 4ms with 0%HARQ BLER and 4.8ms with 10% HARQ BLER respectively for FDD case. In TDD case these latencies are 4.1ms with 0% BLER and 9.5ms with 10% BLER. 



We conclude that the C-Plane and U-Plane latencies for LTE-A system are in compliance with IMT-A requirements of 100ms and 10 ms respectively,  for both FDD and TDD modes of operation.
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LTE-Advanced Compliance Template TDD





LTE / LTE-Advanced:  Compliance Template TDD 
for IMT- Advanced Evaluation


4.2.4 
RIT/SRIT compliance templates  (3GPP LTE/LTE-A TDD RIT)


4.2.4.1 
Compliance template for services



			


			Service related minimum capabilities within the RIT/SRIT


			Evaluator’s comments





			4.2.4.1.1


			Support of a wide range of services



Does the proposal support a wide range of services?:



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



(YES / NO


			The RIT is identified to be compliant





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



(YES / NO


			The RIT is identified to be compliant





			4.2.4.1.1.2


			Support of rich conversational service class



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






                   (YES / NO


			The RIT is identified to be compliant





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                   (YES / NO


			The RIT is identified to be compliant








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?: 
(YES / NO



Specify in which band(s) the candidate RIT or candidate SRIT can be depl\oyed.








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


			NA


			
Yes

No


			The RIT meets the requirement in the evaluated scenarios





			


			


			Uplink


			2.25


			NA


			
Yes

No


			





			


			Microcellular


			Downlink


			2.6


			2.78


			(
Yes

No


			





			


			


			Uplink


			1.8


			1.82


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.43


			(
Yes

No


			





			


			


			Uplink


			1.4


			1.48


			(
Yes

No


			





			


			High speed


			Downlink


			1.1


			1.65


			(
Yes

No


			





			


			


			Uplink


			0.7


			1.56


			(
Yes

No


			





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


			Not applicable


			Downlink


			15


			16.09


			(
Yes

No


			4 layer SM for downlink and 2 layer SM for uplink





			


			


			Uplink


			6.75


			8.173


			(
Yes

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			


			(
Yes

No


			The RIT is compliant (upto 100 MHz)





			


			


			Scalability


			Support of at least three band-width values(4)


			


			(
Yes

No


			The RIT is compliant (1.4, 3, 5, 10, 15, 20 MHz, followed by aggregation)








			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


			NA


			
Yes

No


			The RIT meets the requirement in the evaluated scenarios





			


			


			Uplink


			0.07


			NA


			
Yes

No


			





			


			Microcellular


			Downlink


			0.075


			0.08


			(
Yes

No


			





			


			


			Uplink


			0.05


			0.076


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.062


			(
Yes

No


			





			


			


			Uplink


			0.03


			0.068


			(
Yes

No


			





			


			High speed


			Downlink


			0.04


			0.051


			(
Yes

No


			





			


			


			Uplink


			0.015


			0.078


			(
Yes

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			84.1


			(
Yes

No


			As per Section 5   in the supporting document





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			9.5


			(
Yes

No


			As per Section 4.2   in the supporting document





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			NA


			
Yes

No


			Evaluation not done





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			NA


			
Yes

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			NA


			
Yes

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			NA


			
Yes

No


			





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


			Indoor


			Uplink


			1.0


			NA


			
Yes

No


			Evaluation not done





			


			Microcellular


			Uplink


			0.75


			NA


			
Yes

No


			





			


			Base coverage urban


			Uplink


			0.55


			NA


			
Yes

No


			





			


			High speed


			Uplink


			0.25


			NA


			
Yes

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


			15.6


			(
Yes

No


			As per Section III-B   in the supporting document





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


			Not applicable


			Not applicable


			40


			15.6


			(
Yes

No


			As per Section  III-B  in the supporting document





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


			Not applicable


			Not applicable


			60


			15.6


			(
Yes

No


			As per Section  III-B  in the supporting document





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			Not applicable


			(
Yes

No


			The RIT is compliant





			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


			NA


			
Yes

No


			Evaluation not done





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			NA


			
Yes

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			NA


			
Yes

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			NA


			
Yes

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.























�	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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1 Introduction



Handover latency is an important performance indicator for wireless technologies, especially when used in mobile communication networks. A low latency is desirable to minimize the impact of handover on end user applications. The IMT-A evaluation guidelines [1] define the handover interruption time as the time duration during which a user terminal cannot exchange user plane packets with any base station. Handover interruption time is an important component of the overall handover latency time.


The document is organized to outline requirements in Section 2, followed by interruption time analysis for intra-RIT, inter-frequency handover in Section 3 and intra-RIT, intra-frequency handover in Section 4. The conclusions are summarized in Section 5.


2 Requirements & Assumptions


The ITU requirement for handover interruption time is given in Table 1. According to [1], this includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the user equipment and the radio access network. Furthermore, the following assumptions are valid:



1. Interactions with the core network occur in zero time. [1]


2.  All necessary attributes of the target channel are known at initiation of the handover from the serving channel to the target channel. [1]


3. We do not consider seamless handover cases where the interruption time will be lower than the numbers presented.


Table 1


			Handover Type


			Interruption time (ms)





			Intra-frequency 


			27.5





			Inter-frequency


· Within same spectrum band



· Between different spectrum bands


			40



60








3 Intra-RIT, Inter-frequency Handover



The handover process consists of the following steps:



· HO initiation



· HO preparation



· HO execution



· Network re-entry



The timing diagram of handover is shown in Figure 1 [3]. The network re-entry procedure may include a CDMA ranging step. In such cases, the ranging code is either made available a priori to the ABS via the AAI-HO-CMD. Alternatively; contention-based ranging is used. 
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Figure 1: Handover procedure
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Figure 2: Mode 0 Network Reentry for dedicated ranging codes 


The steps contributing to the handover interruption time during the network re-entry process (with dedicated ranging) are listed in the table below 


Table 2


			Step


			Procedure


			Time taken





			1


			AMS starts network re-entry at Action time as specified in HO command message. AMS establishes synchronization with T-ABS and after these Obtain Tx parameters.


			5ms





			2


			AMS now send a Dedicated ranging code as given by S-ABS to it  (UL)


			





			3


			Ranging response sent by T-ABS to AMS  (DL)


			5ms





			4


			AMS transmits SBC-REQ to T-ABS to inform its basic capabilities for negotiation (UL)


			





			5


			T-ABS responds to SBC-RSP by sending SBC-RSP message to AMS and indicates the common capability of both  (DL)


			5ms





			6


			Finally AMS sends REG-REQ to T-ABS for registration (UL)


			





			7


			T-ABS sends response message REG-RSP to AMS ( DL)


			5ms








The procedure for network re-entry using contention-based ranging is illustrated in Figure 3.
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Figure 3: Mode 0 Network Reentry for contention based ranging 



The steps contributing to the handover interruption time during the network re-entry process (with contention-based ranging) are listed in the table below 



Table 3


			Step


			Procedure


			Time taken





			1


			AMS starts network re-entry at Action time as specified in HO command message. AMS establishes synchronization with T-ABS and after this obtains Tx parameters.


			5ms





			2


			AMS sends Ranging codes to T-ABS


			





			3


			T-ABS sends RNG-RSP with status = continue


			5ms





			4 


			AMS sends Ranging codes to T-ABS


			





			5


			T-ABS sends RNG-RSP with status = successful 


			5ms





			6


			AMS sends RNG-REQ to T-ABS


			





			7


			AMS transmits SBC-REQ to T-ABS to inform its basic capabilities for negotiation (UL)


			5ms





			8


			T-ABS responds to SBC-RSP by sending SBC-RSP message to AMS and indicates the common capability of both  (DL)


			





			9


			Finally AMS sends REG-REQ to T-ABS for registration (UL)


			5ms





			10


			T-ABS sends response message REG-RSP to AMS ( DL)


			








As per the definition provided in [1], handover interruption times are computed by analyzing the messages that are communicated between AMS-TBS at network re-entry phase (i.e. before any data plane packets transmitted). The worst case interruption time was computed to be 25ms for handover cases which include contention based ranging. 



4 Intra-RIT, Intra-frequency Handover



The numbers shown in the above tables represent the inter-frequency handover cases. For intra-frequency handovers, ranging related messages can be excluded from the computation and hence the interruption delay for intra-frequency handovers is computed to be 15ms. Note that if seamless handovers are supported, the interruption time will be lower.


5 Conclusion


The handover interruption time for the RIT under evaluation here is provided in the table below.


			Handover Type


			Interruption time (ms)


			IMT-A Target



(ms)





			


			


			





			Intra-frequency 


			15


			20 





			Inter-frequency


			25 (same band)



25 (different band)


			40 (same band)



60 (different band)








Therefore, it can be concluded that the RIT meets the IMT-A target for handover interruption time.
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Appendix-A


TDD Frame details 


· Cyclic prefix = 1/16



· 5 DL sub frames ( Four type1 and One type2) and 3 UL sub frames ( Two type1 and One type2)  as shown in figure below


[image: image4.emf]


[Reference: Figure 474, 802.16m Draft D5]


For QPSK


Each OFDM symbol has 18 sub carriers per PRU. And we are considering 2 PRUs assigned to one user per sub frame. The code rate for QPSK is 171/256


For DL # of bits available for per user per frame = (4*6*18*2+1*7*18*2)* 171/256 *2









      = 1490.9 bits



 Assuming each DL sub frame has 1490.9/5= 298.18 bits



Total time for DL sub frames = 3.012ms (from fig 32 of SDD, section 11.4.1.2)




So each DL sub frame is = 3.012ms/5 = 0.602 ms


For UL # of bits available for per user per frame = (2*6*18*2+1*7*18*2)* 171/256 *2









      = 913.78 bits




Assuming each UL sub frame has 913.78/3= 304.6 bits


Total time for UL sub frames = 1.846ms (from fig 32 of SDD, section 11.4.1.2)



So each UL sub frame is = 1.846ms/3 = 0.615 ms


Table 2


			Step


			Procedure


			Time taken


			(adjusted to frame boundaries)





			1


			AMS starts network re-entry at Action time as specified in HO command message. AMS establishes synchronization with T-ABS and after these Obtain Tx parameters.


			3ms


			5ms





			2


			AMS now send a Dedicated ranging code as given by S-ABS to it  (UL)


			1.846ms


			





			3


			Ranging response sent by T-ABS to AMS  (DL)


			1.2 ms


			5ms





			4


			AMS transmits SBC-REQ to T-ABS to inform its basic capabilities for negotiation (UL)


			1.845ms


			





			5


			T-ABS responds to SBC-RSP by sending SBC-RSP message to AMS and indicates the common capability of both  (DL)


			1.2 ms


			5ms





			6


			Finally AMS sends REG-REQ to T-ABS for registration (UL)


			1.23ms


			





			7


			T-ABS sends response message REG-RSP to AMS ( DL)


			1.2ms


			5ms








As per the TDD frame structure defined in Reference: Figure 474, 802.16m Draft D5, The total available time for DL message is 3.012ms per frame and total available time for UL message is 1.846ms per frame (appendix-A). Since there are no DL and UL messages which are more than the maximum time limit in a frame, hence each frame should have one DL message and one UL message. 


Table 3



			Step


			Procedure


			Time taken


			Time taken (adjusted to frame boundaries)





			1


			AMS starts network reentry at Action time as specified in HO command message. AMS , establishes synchronization with T-ABS and after this Obtain Tx parameters.


			3ms


			5ms





			2


			AMS sends Ranging codes to T-ABS


			0.615ms


			





			3


			T-ABS sends RNG-RSP with status = continue


			1.8ms


			5ms





			4 


			AMS sends Ranging codes to T-ABS


			0.615ms


			





			5


			T-ABS sends RNG-RSP with status = successful 



NOTE : Exchange of ranging codes and RNG-RSP happens to be 2 times (assumed)


			1.8ms


			5ms





			6


			AMS sends RNG-REQ to T-ABS


			1.23ms


			





			7


			AMS transmits SBC-REQ to T-ABS to inform its basic capabilities for negotiation (UL)


			1.845ms


			5ms





			8


			T-ABS responds to SBC-RSP by sending SBC-RSP message to AMS and indicates the common capability of both  (DL)


			1.2 ms


			





			9


			Finally AMS sends REG-REQ to T-ABS for registration (UL)


			1.23ms


			5ms





			10


			T-ABS sends response message REG-RSP to AMS ( DL)


			1.2ms


			








As per the TDD frame structure defined in Reference: Figure 474, 802.16m Draft D5, The total available time for DL message is 3.012ms per frame and total available time for UL message is 1.846ms per frame (refer to appendix-A). Since there are no DL and UL messages which are more than the maximum time limit in a frame (except step 1), hence each frame should have one DL message and one UL message


















Page 12 of 12







_1340084041.doc




4.2.4 
RIT/SRIT compliance templates  (IEEE 802.16m - TDD RIT)


4.2.4.1 
Compliance template for services



			


			Service related minimum capabilities within the RIT/SRIT


			Evaluator’s comments





			4.2.4.1.1


			Support of a wide range of services



Does the proposal support a wide range of services?:



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



(YES / NO


			





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



(YES / NO


			





			4.2.4.1.1.2


			Support of rich conversational service class



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






                   (YES / NO


			





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                   (YES / NO


			








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?: 
(YES / NO



Specify in which band(s) the candidate RIT or candidate SRIT can be depl\oyed.








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


			N/A


			
Yes

No


			Not Reported





			


			


			Uplink


			2.25


			N/A


			
Yes

No


			





			


			Microcellular


			Downlink


			2.6


			2.69


			(
Yes

No


			





			


			


			Uplink


			1.8


			1.9


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.29


			(
Yes

No


			





			


			


			Uplink


			1.4


			1.79


			(
Yes

No


			





			


			High speed


			Downlink


			1.1


			1.8


			(
Yes

No


			





			


			


			Uplink


			0.7


			1.65


			(
Yes

No


			





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


			Not applicable


			Downlink


			15


			16.96


			(
Yes

No


			





			


			


			Uplink


			6.75


			9.22


			(
Yes

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			


			(
Yes

No


			





			


			


			Scalability


			Support of at least three band-width values(4)


			


			(
Yes

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


			


			


			


			





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


			Indoor


			Downlink


			0.1


			N/A


			
Yes

No


			Not Reported





			


			


			Uplink


			0.07


			N/A


			
Yes

No


			





			


			Microcellular


			Downlink


			0.075


			0.08


			(
Yes

No


			





			


			


			Uplink


			0.05


			0.08


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.063


			(
Yes

No


			





			


			


			Uplink


			0.03


			0.09


			(
Yes

No


			





			


			High speed


			Downlink


			0.04


			0.044


			(
Yes

No


			





			


			


			Uplink


			0.015


			0.08


			(
Yes

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			81 ms


			(
Yes

No


			





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			7.32 ms


			(
Yes

No


			





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			


			
Yes

No


			Not reported





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			


			
Yes

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			


			
Yes

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			


			
Yes

No


			





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


			Indoor


			Uplink


			1.0


			


			
Yes

No


			Not reported





			


			Microcellular


			Uplink


			0.75


			


			
Yes

No


			





			


			Base coverage urban


			Uplink


			0.55


			


			
Yes

No


			





			


			High speed


			Uplink


			0.25


			


			
Yes

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


			(
Yes

No


			





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


			Not applicable


			Not applicable


			40


			25 ms


			(
Yes

No


			





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


			Not applicable


			Not applicable


			60


			25 ms


			(
Yes

No


			





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			


			
Yes

No


			Not reported





			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


			


			
Yes

No


			Not reported





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			


			
Yes

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			


			
Yes

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			


			
Yes

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.
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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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1. Simulation assumptions used in the IEEE 802.16m RIT evaluation


1.1. Downlink of UMi, UMa and RMa


			Parameter


			Description





			Path loss model


			As specified in [1]





			Small scale fading


			As specified in [1]





			Antenna correlation


			Uncorrelated





			Antenna configuration


			2 Tx antennas and 2 Rx antennas





			MIMO scheme


			Mix of CDR  (low SINR users) and MU-MIMO (high SINR users) inside open-loop MIMO region





			Receiver processing


			MMSE





			Subchannelization


			Localized for UMi and Distributed for UMa and RMa





			Channel estimation


			 Channel estimation error is accounted appropriately





			Scheduler algorithm


			Proportional fair, full buffer traffic





			HARQ


			Chase Combining





			Link adaptation


			Based on CQI





			Overheads


			As per the simulation models





			Frequency reuse


			Reuse 1





			Interference model


			All the interfering cells were simulated





			Control channel and feedback error


			Error free assumption





			Link to system mapping


			N/A - Simulated the actual Tx - Rx by bruteforce








1.2. Uplink of UMi, UMa and RMa


			Parameter


			Description





			Path loss model


			As specified in [1]





			Small scale fading


			As specified in [1]





			Antenna correlation


			Uncorrelated





			Antenna configuration


			1 Tx antennas and 4 Rx antennas





			Power Control


			Open-loop power control as per the standards ensuring an average IoT of less than 10 dB 





			Receiver processing


			MMSE





			Subchannelization


			Localized for UMi and Distributed for UMa and RMa





			Channel estimation


			 Channel estimation error is accounted appropriately





			Scheduler algorithm


			Proportional fair, full buffer traffic





			HARQ


			Chase Combining





			Link adaptation


			Based on CQI





			Overheads


			As per the simulation models





			Frequency reuse


			Reuse 1





			Interference model


			All the interfering cells were simulated





			Control channel and feedback error


			Error free assumption





			Link to system mapping


			N/A - Simulated the actual Tx - Rx by bruteforce








1.3. Downlink and Uplink of Open Area Rural Model


As per the assumptions defined in [2]


2. References



[1] ITU-R, M.2135, “Guidelines for evaluation of radio interface technologies for IMT advanced”.



[2] TCOE India “Parameters for the Open Area Rural Model evaluation”, posted on the ITU-R SG5 Portal, Correspondence Group for IMT-Advanced Evaluation (Forum 3), May 3, 2010.
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4.2.4 
RIT/SRIT compliance templates  (IEEE 802.16m - FDD RIT)


4.2.4.1 
Compliance template for services



			


			Service related minimum capabilities within the RIT/SRIT


			Evaluator’s comments





			4.2.4.1.1


			Support of a wide range of services



Does the proposal support a wide range of services?:



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



(YES / NO


			





			4.2.4.1.1.1


			Ability to support basic conversational service class



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



(YES / NO


			





			4.2.4.1.1.2


			Support of rich conversational service class



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






                   (YES / NO


			





			4.2.4.1.1.3


			Support of conversational low delay service class



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






                   (YES / NO


			








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?: 
(YES / NO



Specify in which band(s) the candidate RIT or candidate SRIT can be depl\oyed.








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


			N/A


			
Yes

No


			Not Reported





			


			


			Uplink


			2.25


			N/A


			
Yes

No


			





			


			Microcellular


			Downlink


			2.6


			2.7


			(
Yes

No


			





			


			


			Uplink


			1.8


			2.0


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			2.2


			2.31


			(
Yes

No


			





			


			


			Uplink


			1.4


			1.82


			(
Yes

No


			





			


			High speed


			Downlink


			1.1


			1.89


			(
Yes

No


			








			


			


			Uplink


			0.7


			1.7


			(
Yes

No


			





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


			Not applicable


			Downlink


			15


			17.79


			(
Yes

No


			





			


			


			Uplink


			6.75


			9.4


			(
Yes

No


			





			4.2.4.3.3
Bandwidth
(4.3)


			Not applicable


			Up to and including
(MHz)


			40


			


			(
Yes

No


			





			


			


			Scalability


			Support of at least three band-width values(4)


			


			(
Yes

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


			


			


			


			





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


			Indoor


			Downlink


			0.1


			N/A


			
Yes

No


			Not Reported








			


			


			Uplink


			0.07


			N/A


			
Yes

No


			





			


			Microcellular


			Downlink


			0.075


			0.081


			(
Yes

No


			





			


			


			Uplink


			0.05


			0.0805


			(
Yes

No


			





			


			Base coverage urban


			Downlink


			0.06


			0.064


			(
Yes

No


			





			


			


			Uplink


			0.03


			0.091


			(
Yes

No


			





			


			High speed


			Downlink


			0.04


			0.045


			(
Yes

No


			





			


			


			Uplink


			0.015


			0.081


			(
Yes

No


			





			4.2.4.3.5
Control plane latency
(ms)
(4.5.1)


			Not applicable


			Not applicable


			Less than 100 ms


			81 ms


			(
Yes

No


			





			4.2.4.3.6
User plane latency
(ms)
(4.5.2)


			Not applicable


			Not applicable


			Less than 10 ms


			5.13 ms


			(
Yes

No


			





			4.2.4.3.7
Mobility classes
(4.6)


			Indoor


			Uplink


			Stationary, pedestrian


			


			
Yes

No


			Not reported





			


			Microcellular


			Uplink


			Stationary, pedestrian, vehicular up to 30 km/h


			


			
Yes

No


			





			


			Base coverage urban


			Uplink


			Stationary, pedestrian, vehicular


			


			
Yes

No


			





			


			High speed


			Uplink


			High speed vehicular, vehicular


			


			
Yes

No


			





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


			Indoor


			Uplink


			1.0


			


			
Yes

No


			Not reported





			


			Microcellular


			Uplink


			0.75


			


			
Yes

No


			





			


			Base coverage urban


			Uplink


			0.55


			


			
Yes

No


			





			


			High speed


			Uplink


			0.25


			


			
Yes

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


			(
Yes

No


			





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


			Not applicable


			Not applicable


			40


			25 ms


			(
Yes

No


			





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


			Not applicable


			Not applicable


			60


			25 ms


			(
Yes

No


			





			4.2.4.3.12
Inter-system handover



(4.7)


			Not applicable


			Not applicable


			Not applicable


			


			(
Yes

No


			Not reported





			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


			


			
Yes

No


			Not reported





			


			Microcellular


			As defined in Report ITU-R M.2134


			40


			


			
Yes

No


			





			


			Base coverage urban


			As defined in Report ITU-R M.2134


			40


			


			
Yes

No


			





			


			High speed


			As defined in Report ITU-R M.2134


			30


			


			
Yes

No


			





			(1) 
As defined in Report ITU-R M.2134.



(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.



(3)
Mandatory when “no” is checked, optional when “yes” is checked.



(4)
Refer to Report ITU-R M.2135, § 7.4.1.








[image: image1.png]







�	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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			System Configurations


			Parameters





			Carrier frequency (GHz)


			2.3





			BS antenna heights (m)


			40





			UT antenna heights (m)


			3





			Pathloss model


			Hata Open Area model


97.46 + 34.4 log(d)





			 Inter Site Distance (Km)


			 30, 40*, 50





			Villages per Sector


			40, 70, 100


One user per village





			Feeder loss (dB)


			2 dB for link budget calculations



0 dB for system simulations


As per IMT-A simulation assumptions





			Number of transmit antennas 


			2 / 4 





			Bandwidth used


			TDD: 20 MHz



FDD: 10 + 10





			Transmit power (dBm)


			 DL: 49 (TDD); 46 (FDD)


UL: 24 / 30





			Transmitter antenna gain (dBi)


			17





			Transmitter antenna Beamwidth 


			Hor : 70o  Ver : 15o





			Cable, connector, combiner, body losses, etc. (enumerate sources) (dB)


			0





			Penetration loss (dB)


			0





			Number of receive antennas.


			1





			Receiver antenna gain (dBi)


			13 dBi





			Receiver antenna Beamwidth


			Hor : 45o  Ver : 40o





			Receiver noise figure (dB)


			7





			Lognormal shadow fading std deviation (dB)


			 8 





			Mobility (Kmph)


			0.5





			LOS / NLOS Probability


			LOS = 0



NLOS = 1





			Vertical beam tilt


			1o





			Minimum separation between users and base station


			>= 35 m





			Angular spread at the terminal


			10o
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Providing Broadband to Rural India using Wireless:



An Appropriate Propagation model


Introduction



The purpose of this document is to review the propagation loss model applicable to the rural use case in India, particularly with reference to document ITU-R M.2135.  First, we briefly describe the use case in rural India, and then discuss the applicability of various path loss models to this use case. Apart from the model described in ITU-R M.2135, we consider Hata’s models [1] for urban and open areas.


The Use Case in Rural India



About 70% of India’s population (~750 million) lives in rural areas, spread across 500,000 habitations. Around 85% of these villages are in the plains, spaced 2-2.5 km apart in every direction. On the average, each village consists of a residential zone of around 0.1-0.25 sq. km, surrounded by farmland. The remaining 15% of villages are in hilly areas or desert. This document is primarily concerned with providing terrestrial wireless broadband services to the villages in the plains. The average population of such a village is 1500, divided into 300 households. The actual numbers vary from a third to 5-6 times the averages. 



Typically, there is a town within 15-20 km from any village. A rural telecom district would typically cover a radius of 20 km with headquarters in the town. The national optical fiber network reaches every one of these telecom district headquarters, as well as some large villages en route. Cellular telephony has reached all the towns and the villages surrounding them. Coverage becomes spotty as one moves into the interiors of each district, except in the more urbanized (~50%) states.



The government has a stated policy of extending broadband coverage to all villages at the earliest. Apart from community internet centres, connectivity is to be provided to residences and small businesses that need it and can afford it. Around 10% of the households can be expected to avail of the service if it is priced affordably (as cellular telephony is today), though these estimates may vary widely.


Lower affordability and inadequate infrastructure in rural areas has deterred deeper penetration of fiber / microwave links and BTS towers, though the government is remedying this to an extent by using the Universal Service Obligation Fund to subsidize rural coverage.  At this point, it is appropriate to assume that the first generation of wireless broadband service will be provided from the existing towers, with coverage extending over a 15-20 km radius covering around 150 villages. 


In order to ensure affordability, it is essential that the technology deployed be a mass-market high-volume technology. That is, the same systems being deployed in urban areas elsewhere in India and the world must be used, maybe with some modifications. Thus, the suitability of IMT-A candidate technologies for the Indian rural use case is of significant interest. In order to extend coverage with adequate bit-rates over a 15-20 km radius, fixed terminals with roof-top directional antennas will invariably have to be deployed, despite the open terrain mitigating propagation losses to an extent. Relays will also play an important role in extending coverage, though these are still a subject of standardization and are not included in the candidate technologies at present.


Such a large-cell coverage model is not new to rural India. Beginning around 2000, the incumbent operator has been providing telephony in rural areas using IS95/3g1x CDMA technology and fixed terminals with rooftop antennas in a configuration similar to the one outlined above.



With this background, it is clear that the system coverage radius, system capacity, and distribution of link throughputs across the coverage area are of primary interest. It is proposed to evaluate these for the candidate technologies considering (i) base station at 40 m height and (ii) subscriber terminals with rooftop directional antennas at 3-6 m height. Other parameters such as transmit power, base station antenna gains, etc will be assumed to be the same as in the urban test cases. The frequency bands of interest are those harmonized by ITU for global deployment of IMT-A technologies (M.2134). However, extensive measurements in India’s rural areas are available at present only at 312 MHz. Hence, we compare the models with measurements at 312 MHz.


In order to carry out a study to estimate the above performance indices, we must first select a suitable propagation model. The rural propagation models in ITU-R M.2135 have an applicability limit of 5 km and seem to be adequate for the high-speed rural vehicular test case. Indeed, the loss model is identical to the urban loss model. Hata in his paper [1] has specified a model valid for upto 20 km for urban, semi-urban, and open areas.  The open area model is of particular interest to us. There have been modifications suggested to Hata’s models for distances greater than 20 km (e.g., ITU-R P.529-3, [2]). However, since the Indian rural use case will rarely require cell radius exceeding 20 km, we do not consider these modified Hata models. 


The ITU-R M.2135 rural path loss model is compared with Hata’s model for distance up to 5 Km for urban, semi urban and open area. This examination is done keeping typical deployment scenario in India in rural areas.  The comparison is done for frequency of 312 MHZ, and hb = 40 m, hm = 3 m.  The theoretical predicted values are compared with measured values in rural areas with base station and receive station antenna heights of hb = 40 m and hm = 3 m and base station frequency of 312 MHz.



ITU M.2135 Model



Document Rep ITU-R M.2135 vide Table A1-2 gives the path loss model for different scenarios.  It is seen that the model for NLOS Urban Macro, suburban macro and rural macro are the same.  (The applicability of rural path model is from 450 MHz to 6 GHz).  We assume the model remains valid for 312 MHz also, for which we have measurements. With the following parameters: f = 312 MHz , hb = 40 m, hm = 3 m, h = 5 m, w = 10 m, the ITU M.2135 model reduces to,


Path loss urban 



or 



Path loss semi-urban 



or



Path loss rural

=
107 + 38.46 log10 d (d in Km)



(1)


Hata Models


Hata in his paper has proposed three models (for urban, suburban and open area).  Hata’s model is valid up to 20 Km.  The models for different scenarios are given as under for parameters of f = 312 MHz, hb = 40 m and hm = 3 m.


Loss urban

=
109.61 + 34.4065 log d



(2)



Loss semi-urban
=
102.02 + 34.4065 log d



(3)



Loss open area

=
84.65 + 34.4065 log d




(4)


(d ≤ 20 Km).


Similar equations can be derived for any given frequency and parameters hb and hm.


Using Hata’s model for different scenarios we first examine the theoretical predicted values of propagation loss with distance up to d = 5 km, since the ITU M.2135 model is valid up to 5 Km only.  These are shown in Fig. 1(a), (b), (c) for different frequencies of 312 MHz, 700 MHz and 1500 MHz respectively.
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Fig, 1(a) 312 MHz
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Fig. 1(b) 700 MHz
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Fig. 1(c) 1500 MHz


It can be seen from Fig. 1 that that the ITU M-2135 model matches closely with Hata’s urban area model only.  For open (rural) areas, the ITU model predicts more loss than Hata’s model.



Field Measurements at 312 MHz



In order to determine which model is applicable to the Indian use case, measured results of propagation loss in rural India are compared with predicted values as per equation 2-4.  These measurements were taken with base station transmitter mounted at 40 m height, receiver mounted at 3 m height on top of a a moving train, and transmission at f = 312 MHz (an example of such measurement is available in [3, 4]). The results are shown in Fig. 2, 3, 4 for 3 different base station locations.  


It can be seen that the measured values lie between Hata’s model for semi-urban and open rural areas. Indeed, except in one case (Fig.3) the measured results match with Hata’s open area model remarkably well. Fig 3 is for a base station location close to the capital city of Delhi. Here, the measurements match Hata’s urban model when close to the base station, and as the distance increases, the match with the open-area model improves.  In all other cases, the base stations locations are in typical rural areas. It is to be noted that in all cases, the measured loss is significantly less than the loss predicted by either the ITU M.2135 or Hata’s urban-area models.


Conclusions


It is thus clear that the propagation model applicable for the Indian rural use case is the Hata open-area model. While measurements are not yet available in higher frequency bands in which the IMT-A candidate technologies are likely to be deployed, it is expected that the match between measurement and Hata’s open-area model will be good even at those frequencies.


It is thus proposed to simulate the candidate technologies with base station at 40m height and fixed user terminals at 3-6m with roof-top directional antennas and assess the system performance. In particular, the user throughput as a function of distance and the coverage radius will be assessed in the 2.3 GHz and 700 MHz bands.
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Fig. 2 BS Meerut Cantonment - Delhi
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Fig.3 BS New Delhi at 3.1 Km - Delhi
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Fig. 4 BS Gaziabad at 19.9 Km - Delhi
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Fig. 5 BS Saharanpur at 180.8 Km – Delhi
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